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Executive summary

This year (2016) was the first industry-led survey of herring in 6a/7bc. Industry and sci-
entific institutions from Scotland, Netherlands, Ireland, England and Germany success-
fully carried out scientific surveys with the aim to improve the knowledge base for the
herring spawning components in 6a.N and 6a.S, 7b-c, and submit relevant data to ICES
to assist in assessing the herring stocks and contribute to establishing a rebuilding plan.

Following agreement on a monitoring fishery TAC of 5800t (EU 2016/0203), the scientific
survey was designed based on ICES advice for the timing, location and number of sam-
ples required to collect assessment-relevant data from the monitoring fishery (ICES

2016b).

Three industry vessels were used for acoustic surveys in 6aN and one in 6aS/7bc. All
vessel used calibrated scientific echosounders (Simrad EK60 or EK80) either using the
ships transducers or a transducer on a towed body. Two other industry vessels were
dedicated to taking samples for morphological and genetic analyses in 6aN, whilst in
6a/7c samples were collected by numerous inshore vessels.

Biological samples taken during the survey and subsequent commercial catches were
used to construct a catch-at-age used in ICES 2017 stock assessment (HAWG 16-22nd
March 2017). Acoustic survey data on the biomass of the spawning components were
review by ICES International Pelagic Surveys working group (ICES 2017a) and found to
be reliable to be considered as first data points in possible future time series. Morpho-
metric and genetic data from spawning fish will provide new baseline data required to
assess separately the stocks in 6.aN and 6.aS, 7b-c. This information would be consid-
ered in a future benchmark assessment.

Following ICES advice on the need for a stock recovery plan for herring in 6a/7bc (ICES
2016b), a draft recovery plan is under development under the auspices of the Pelagic
Advisory Council.

With provision made for 5800t monitoring fishery in 2017 (EU 2017/127), plans are un-
derway for follow on survey in 2017, taking into account the recommendations of ICES
WGIPS (ICES 2017a).
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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 was that ICES
advised a zero TAC in 2015 and 2016 (ICES 2016a), and recommended that a rebuilding
plan be developed. 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 in-
dustry associations representing Scottish, English, Dutch, Irish and German fishery in-
terests 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 2015 autumn plenary recommendation that it would be bene-
ficial to maintain an uninterrupted time series of fishery-dependent catch data, and a
subsequent special request (to ICES) by the European Commission, ICES provided ad-
vice on methods for undertaking a scientific monitoring fishery for the purpose of ob-
taining relevant data for assessment (ICES 2016b). In particular, the advice referred to
collection of data necessary to maintain the time series and determine the identity and
structure of the two stocks. ICES advised that the number of samples to be collected in a
monitoring fishery in 6a/7bc was 46 and that these samples could be obtained through a
catch of 4840 tonnes. [6aN — 29 samples for 3480t; 6aS,7bc — 17 samples for 1360t]. Fur-
thermore, the data should be 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 4170t in 6aN and 1630t in 6aS/7bc. These were the en-
ablers for the industry-led survey to take place.
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Figure 1.1 Herring stock assessment areas.

1.2 Aim
To improve the knowledge base for the spawning components of herring 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.

1.3 Overall Objectives

1. Abundance estimation: Collect acoustic data and information on the size and age
of herring and use it to generate an age age-disaggregated acoustic estimate of
the biomass of pre-spawning/ spawning components of herring in 6aN and
6aS/7bc (‘Western herring’).

2. Stock identity separation: Collect morphometric and genetic data to distinguish
whether the 6aN stocks are different from the stocks in 6aS, 7bc.
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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 of a scientific monitoring fishery in 2017, and design of future
surveys.

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.

Page 7 of 79



Material a ethods

2.1 Research plan

The overall research plan involves the planning, implementation and analysis & report-
ing 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 6 vessels involved were assigned specific objectives and provided with a
vessel-specific survey manual describing the aims, methods and protocols (example in
Annex 1). Sections 2.2 to 2.4 describe the survey methods in detail.

2.1.2 Survey areas

Utilising ICES advice on the monitoring fishery (ICES 2016), four areas were selected for
surveying in 6aN (Figure 2.2). The limits of each area were defined by the geographic
distribution of known active herring spawning areas (Figure 2.3) and records of com-
mercial catches (Figure 2.4). Areas 2-4 are considered to be active spawning areas and
Area 1 a pre-spawning aggregation area that contains an unknown mixture of stocks of
Western and potentially North Sea herring, where a large proportion of catches has been
taken in recent years (ICES 2016). Acoustic surveys (see section 2.2) were conducted on-
ly in areas 2-4 in 6alN.

In 6aS, 7bc, 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 Geffen et al. (2011).
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Figure 2.5. Acoustic survey area and transects for 6aS/7b,c in 2016. The survey was ex-
clusively in Irish waters, approximately up to the 56°N line in the north and 7°W line in
the east. To the west, the survey was bounded approximately by the 100m depth con-
tour. The total transect length was 1575nmi (start 55"24N and 7°0W, progress west) with
3nmi separation between transects. An additional zig-zag survey track was completed
in Lough Swilly, using the deepest part of the channel as the centreline for the strata ar-
ea. 500m either side of this centre line was delineated as the boundary area; zig-zag
transects were then placed within the strata boundaries.
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Figure 2.6. Herring Spawning grounds in 6aS and 7b, c (from O’Sullivan, 2013).
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Table 2.1. Spawning areas, spawning grounds and spawning beds in 6aS and 7b, c. Area

(km2) and depth (m) refer to individual spawning beds (from O’Sullivan, 2013).

Drepth

Area

Spawning Area | Spawning Ground Spawning Bed (m) (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
Drownpatrick Downpatrick/Ceide 34-45 97.05 Declan
Fields
The Stags The Stags | 16 0es Mowvernber
Blackrock Blackrock | L T.74 OotMov
The Bills 16 2983 Movernber
Clare Island | iz o7 OcuMov
Clare Island 2 16 1.58 OcuMov
Mayo
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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2.1.3 Timing, vessels and areas for each of the survey vessels (Table 2.2). Vessels undertaking acoustic work in shaded

rows.

Area

Area 4
(Hebrides)

Area 4

Area 3
(The
Minch)

Area 3

Area 2
(East of
Cape
Wrath)
Area 2

Area 5
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Earliest
survey
date

15-Aug

24-Aug

28-Aug

29-Aug

05-Sep

05-Sep

28-Nov

End
date

28-
Aug

28th

13-
Sep

02-
Sep

Calibration Acoustic

date

15th Au-
gust

NA

26th Au-
gust

NA

5th Sept

NA

28-Nov

Survey
distance
(nm),
one cov-
erage
277 nmi

NA

256 nmi

NA

298 nmi

1575 nmi

Vessel and
type (Refrig-
erated Sea
Water (RSW)
or Freezer)

Quantus
(RSW)

Unity (RSW)

Zephyr

(RSW)

Unity

Wiron 6 and

Wiron 5
(Freezer)

Annie Hillina

Atlantic

Flag

UK

UK

UK

UK

UK

GER

IRL

Homeport

Peterhead

Fraserburgh

Shetland

Fraserburgh

Plymouth

Killybegs

Vessel#

PD 379

FR 165

LK 394

FR 165

PH1100
(6),
PH2200
®)
ROS170

D642

Role

Acoustic and
catch sampling

Morphometric
work, spawn-
ing samples
from 3 and 4.
Acoustic and
catch sampling

Morphometric
work, spawn-
ing samples
from 3 and 4.
Acoustic and
catch sampling

morphometrics,
genetics, catch
sampling
Acoustic and

Skipper

Mark Buchan,
Stuart Buchan

Stephen Bellany

Allister Irvine

Stephen Bellany

Jan Melis

Henk Krijgsman

Stevie McSharry



Earliest
survey
date

Area

(North
Donegal)
& 6 (West
Donegal)
Areal
(North
pre-
spawning)

26-Jul
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End Calibration Acoustic

date date
Dec

05- NA
Aug

Survey
distance
(nm),
one cov-
erage

NA

Vessel and
type (Refrig-
erated Sea
Water (RSW)
or Freezer)

Flag Homeport

Challenge
(RSW)

Annie Hillina GER ?
(Freezer)

Vessel#

ROS170

Role

catch sampling

morphometrics,
genetics, catch
sampling

Skipper

Henk Krijgsman



2.2

Abundance estimation

2.2.1 Acoustic survey design

The purpose of the acoustic surveys was to estimate the minimum spawning biomass of
herring within the boundaries of the survey areas.

Acoustic surveys were conducted in Area 2-4 (6aN) and Area 5&6 (6aS/7bc), each de-
signed on parallel transects spaced 3 nmi apart (Figure 2.2 & 2.5). Transect direction was
assigned perpendicular to the narrowest dimension of the survey area to maximise pre-
cision of the estimation by having many short transects rather than a few long ones.
Replicate acoustic surveys were conducted in each of the areas in 6aN to try and capture
the peak time of spawning abundance. The survey dates in each area were 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 fol-
lowing the natural line of fish density, which would have led to a biased estimate.

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 fish aggregations, or undertaking finer scale observa-
tions in high density locations (e.g. in 6aS/7bc- the Bananas, Lough Swilly, and Glen
Head/Rathlin O’Beirne). 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 calibration
See Table 2.3 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 the echosounders deployed on each of the vessels. Standard LOBE
calibration (SIMRAD 2003) was carried out on the Atlantic Challenge on evening of
28/11/2016 and morning of 29/11/2016. The successful calibration was made possible by
good conditions in the deep water at the new pier (~20m slack high). There was minimal
interference from biota in the water column (Figure 2.7).

Page 17 of 79


http://courses.washington.edu/fish538/resources/CRR326_Calibration.pdf

Figure 2.7. Hull mounted echosounders (Atlantic Challenge D642) were calibrated at the
new pier in Killybegs.

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 possibil-
ity of double counting herring schools, which can occur if the survey does not continual-
ly progress in the same direction. Surveys in 6aS/7bc were continuous over 24hours due
to the limited daylight in December and scale of coverage planned. Survey speed was 10
knots for all vessels, reducing as needed in the case of poor sea state.

To maximise data quality, FV Quantus took on board ballast water to aid stability of the
vessel and minimise cavitation. In addition, 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 the second cover-
age of the area, further improving data quality.

Survey log sheets were used to record all transect data, including transect position, haul
position and other events taking place on and off transect.

Raw acoustic data were recorded and stored on portable hard disk drives for later pro-
cessing.

2.2.4 Fishing operations for scientific samples

During the acoustic surveys, selected fish marks were targeted with a fishing operation
(Figure 2.8) to capture fish for the purposes of:
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(i) Confirming the species identity of acoustic marks, particularly those suspect-
ed to be herring or to confirm that they were definitely not herring.
(i) Collecting samples for biological analysis.

The fishing operations of RSW vessels were directed to take a catch of the smallest pos-
sible size sufficient for biological sampling. The operation for freezer trawlers was a typ-
ical 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 speci-
tied quota taken either during or outside the survey period.

Figure 2.8. Schematic description of fishing operation to collect a biological catch
ample during an acoustic survey.

2.2.4.1 Comparisons of towed-body and hull-mounted echo sounders

During the acoustic survey on board of Wiron 6, acoustic data were simultaneously col-
lected from a towed body and hull mounted transducer (Figure 2.9) , providing the op-
portunity to compare if there were any significant differences in abundance estimates
arising from different tools. One reason for using a towed-body is because it should be
less vulnerable than a hull mounted transducer to disturbances such as waves and air
bubbles, an so we might expect to see some differences in the echodata.
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Figure 2.9. The towed-body that was used for acoustic data collection during the survey.
The orange part is the transducer that generates and receives the acoustic signals. The
cable attached transports the information to a computer on the bridge, where the data is
stored. (Photo: Dick de Haan, Wageningen Marine Research)
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Table 2.3. Acoustic survey summary

Vessel

Transducer and Fre-
quency

Echosounder

Power

Pulse duration

Environment

Survey area changes

2 - East
of Cape
Wrath

Wiron 6

3 - The
Minches

Zephyr

4 — Outer
Hebrides

Quantus

5 South Atlantic
Donegal = Challenge
& 6 West

Donegal
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Towed Dbody, split
beam ES38B (38Khz).
Hull mounted split
beam ES38B (38Khz)
Towed Dbody, split
beam ES38B

Hull mounted split

beam ES38B (38Khz),
draft 5.1m

Survey 1, without Mo-
tion Reference Unit,

Survey 2, with Motion
Reference Unit

Hull mounted split
beam ES38B (38kHz)

Hull mounted split
beam ES120B (120kHz)

SIMRAD
EK60

SIMRAD
EK60

SIMRAD
EK80

SIMRAD
EK60

Ping interval
Power: 2000W
Pulse duration: 512ps

Ping rate: 2 Hz (interval
= (0.5 seconds)

Power: 2000W
Pulse duration: 1.024ms

Ping interval = 1.0

Sec

Pulse type = CW
Power: 2000W
Pulse duration: 1.024ms

Ping interval = 0.5 sec

Power: 2000W (38kHz);
500W (120kHz)
Pulse duration: 1.024ms

Ping interval =max

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

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

Temp = 10°C,

Salinity =34ppt,
Sound speed
1488.6 m/s

Calibration
Location/
date

Scapa flow
4th  Sept
2016

Scapa flow
26th Aug
2016

Scapa flow,
15th  July
2016

New DPier,
Killybegs,
Co. Done-
gal 28th
November
2016

Additional fine scale
surveying around

spawning aggregations

Extended survey north-
ern and western bounda-
ry to cover fish marks.

Additional fine scale
surveying on identified
herring aggregation in
northern part of the area.

Additional fine scale
(1.5nm) transects cover-
ing centre of commercial
fishing area

Additional transects in
Lough Swilly. Additional
searching conducted
with the sonar in the
Tory Bank area.



2.2.5 Biological sampling

The purpose of the biological sampling was to (i) provide data on the relative abun-
dance of each length and age class of herring, which is needed to make age-
disaggregated acoustic abundance estimates. Samples were also used to (ii) determine the
maturation state of herring and to indicate the location and timing of spawning, (iii) for genetic
analysis (see section 2.3), 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. In-
formation was recorded on the date, time, fishing position, depth, gear, catch composi-
tion, total weight of catch and weight of the sub sample taken for length frequency and
biological sampling. For hauls used in helping to scrutinize the acoustic data, additional
information was recorded on the sheets to show how the acoustic traces looked on the
netsonde and echosounder (Figure 2.10). A screen dump from the echosounder was also
taken on some of the surveys. In the remarks box, comments were made on whether or
not herring was spawning (based on “running” eggs and sperm upon capture) and
whether any catch remaining after biological sampling was retained or discarded.

2.2.5.2 Catch sampling

The catch sampling procedure was as follows:

e Weight of the catch of all species, or where the catch was too large, 5 randomly
mixed baskets were taken as a sample of the catch and weighed.

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

® One full basket (or 2 half) of herring were weighed (approx. 30kg, 200 herring).
This subsample was used determine lengths, weight, age and for genetics. (see
below). (Figure 2.11)
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Figure 2.10. Example haul data recording sheet, to be entered in to Excel template later.
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Figure 2.11. Illustration 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 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. Five fish from each half centimetre
length class were saved for additional biological measures (section 2.2.7).

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

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

[*The ID number should be the First letter of the vessel, followed by survey number,
haul number, then the fish number. Eg. Q131 means Quantus, survey 1, Haul 3, fish 1.]

The following information was recorded for each fish.

e Length to nearest 0.5cm

e Weighting

e Sex

e Maturity stage from 1-9 based on the guidance document “MSS 9 stage HERRING
MATURITY SCALE 1a.doc’

e 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
(ICES 2005) were used to determine the age of fish sampled. This age data was
used to create an age-length key (ALK).

e If the fish was in spawning condition, it was bagged, labelled and frozen for later
genetic analysis.

When spawning fish were encountered, an additional random 50 herring were collected,
bagged, labelled and frozen for biological and genetic sampling. These were collected as
‘backup’ to the samples taken on board and for the purpose of being able to quality
check assessment of length and maturity stages made at sea, with those determined at
the lab.
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2.2.6 Acoustic Analysis methods

2.2.6.1 Echogram scrutinisation - 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 sig-
nals).

Assigning fish marks to species is a heuristic process that relies upon (i) evidence from
the targeted hauls made during the survey (Figure 2.12), (ii) prior experience of ‘experts’
(fishermen and acoustic scientists) based on their knowledge of what was caught when
certain types of fish marks were fished upon in the area in previous surveys occurring
around the same time, and (ii) knowledge of fish behavior.

While it’s impossible to be 100% confident when assigning fish marks to species, follow-
ing some agreed guidelines for classification of marks greatly improves the 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 Fig-
ure 13):

e 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.

e Cap-hugging herring - concentrations of fish tightly associated with promi-
nent outcroppings (cap) on the seabed. Believed to be herring, but not possi-
ble 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.

e 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.

e Unclassified — confident that the marks were not herring or sprat based on ei-
ther evidence from a targeted haul or proximity and similarity to other
schools known to not to be herring, or characteristic atypical of herring
schools.

e Horse mackerel — a lot of horse mackerel marks were observed through
6aS/7bc. Marks were verified with numerous trawls.
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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 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.

For Quantus, the backscatter threshold for school detection was -59dB.

27/8/2016 09:30 haul 1 Haul 2

HER 37kg and HOM 224kg | ] -8 ‘gg/:?(s)::ngen:niec 15kg

marinescotland
science

Herring marks
29/08/2016

More sprat (and some herring)
28/8/2016 L e

27/8/2016

Herring Ingustry Survey 2016 - Zephyr
e = e
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Large herring mark in Lough Swilly, Co. Donegal (6aS)
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Horse mackerel marks obsereved throughout Tory Bank area (6aS)

Figure 2.12. Examples of acoustic marks and their identification.
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2.2.6.2 Age disaggregated abundance estimation

The process for estimating abundance and biomass from the acoustic data is shown in
Figure 2.13, with additional description given below.

Record acoustic
data from
calibrated

echosounder, 3nmi

parallel transects

Trawl sample.
Length
frequency, weight
maturity stage,
otolith

M

Scrutinization. Proportion of
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expected backscatter at length) sampling unit) = transects weighted by area. Sum across strata for

average from EDSUs transect length total.

{
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'\\
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procedure stock Biomass
Binass G Fumbao Numbers and biomass of
3 s mature herring only giving
actively spawning j —
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herring (ICES stage 3-4) Spawning Stock Numbers

Figure 2.13. Flow diagram of the analysis methods to estimate abundance and biomass.
Blue boxes — biological data; black boxes — treatment of acoustic data; red boxes- derived
abundances indices; green box — 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 estimates from acoustic and
swept area surveys. The program is a stand-alone application built in Java for easy shar-

ing and further development in cooperation with other institutes, and is now routinely
used to derive abundance estimates from WGIPS coordinated surveys. Documentation
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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 devel-
oped by Jolly and Hampton (1990).

Following scrutinization of the echograms and export of the Nautical Area Scattering
Coefficient assigned to herring marks (PRC_NASC from Echoview software), the calcu-
lation of age disaggregated abundance was as follows:

1. Define survey strata. In 6aN, each of the 3 areas surveyed and any fine-scale de-
tailed grid searches within them was assigned as a strata (Figure 2.14). In 6aS/7bc
3 strata were defined, (i) Lough Swilly, where the boundaries of the strata was
delineated approximately 500m either side of the centre line of the deepest part of
the Lough Swilly channel in approximately 10 — 20m water depth. (ii) Donegal
bay where several large herring marks were found within a small defined area,
(iii) the rest of the nortwest area of the survey.

2. Assigning herring length data from trawls to acoustic transects. For each tran-
sect within each survey strata, the length distribution of herring associated with
the transect was determined as the un-weighted mean of all trawls allocated to
the respective transects (Figure 15).

3. Expected backscattering cross section of herring in each length group. The
mean acoustic backscattering cross-section “sigma” (ovs) for each length group of
herring was calculated from the length frequency data assigned to each transect
using the 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 cross-sections
for herring is:

TS =20log10(L) - 71.2 [at 38kHZz]
and the mean acoustic backscattering cross section is:

Gap =47, 10(TS/10)

4. The average density of herring in each length class on a single transect were
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 =1nmi)
on each transect by the length-specific obs (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 transect 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 relation-
ship 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 sam-
pling (MSS manual 2011) ers was converted to the ICES 6 point scale prior 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 check). For each selected transect, biological infor-
mation from trawl stations that were assigned to the transect are randomly sam-
pled and used as input to estimate fish abundance in the stratum in that
particular bootstrap iteration. Each bootstrap iteration follows the same estima-
tion procedures as used in StoX and described above (using the combination of
mean acoustic density per transect and associated biological information, to esti-
mate fish numbers at length in each stratum).

8. Choosing the best estimate from replicates. In the 6aN, 2 replicate acoustic sur-
veys 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 post-processed EV files will
be stored using Marine Scotland Science data base following established procedures.
6aS/7bc raw and processed data will be stored at the Marine Institute, Ireland. Estimates
of abundance made from the surveys will be stored in the ICES WGIPS acoustic data-
base.
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Figure 2.14a. Acoustic survey in 6aN, Area 2 East of Cape Wrath. Transects and strata
used in the analysis of the acoustic survey in area 2 conducted by Wiron. Hauls in blue
were allocated to all transects in strata A (lighter colour). The hauls in yellow colour
were allocated to all transects within strata B (darker colour).
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Figure 2.14b. Acoustic survey in 6aN, Area 3 The Minch. Zephyr survey track run 1 (27
— 29 Aug). Hauls marked in yellow are hauls conducted on Zephyr which caught her-
ring. These two hauls were allocated to all transects in strata A. The hauls in blue were
conducted on Unity at the same time as the acoustic survey on Zephyr. These were allo-
cated to all transects in strata B.
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Figure 2.14c. Acoustic survey in 6aN, Area 4 Hebrides. Transects and strata used in the
analysis of the acoustic survey in area 4 conducted by Quantus. Hauls in yellow were
allocated to the five most northerly transects in strata A. The hauls in blue colour were
allocated to all transects within strata B and to transects south of the transect highlighted
in black in Strata A.

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

Nine point maturity Equivalent ICES 6 point scale
scale (Marine Scotland

manual)

1 Immature virgin 1 (Immature)

2 Immature 1 (Immature)

3 Early maturing 2 (Mature — but not included in spawning category))

4 Maturing 2 (Mature — but not included in spawning category)

5 Spawning prepared 3 (Mature - included in spawning category)

6 Spawning 3 (Mature - included in spawning category)

7 Spent 4 (Mature — Spent — included in spawning category)

8 Recovering/resting 5 (Mature — resting - not included in spawning category)

9 Abnormal 6 (Abnormal — not included in Mature or spawning categories)
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2.3

2.2.7 Data storage

Acoustic data were recorded on hard-drives at sea and uploaded to network facilities
back at the laboratory. The acoustic metadata and cleaned post-processed EV files will
be stored using Marine Scotland Science data base following established procedures.
Estimates of abundance made from the surveys will be stored in the ICES WGIPS acous-
tic database.

Stock identity separation

2.3.1 Sampling design, key requirements

Samples for stock discrimination between 6aN and 6aS/7bc included specific catch sam-
ples taken for morphometric and genetic sampling.

Key requirements:

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

¢ A minimum of 5 catch samples from the survey area is required. This is achieved
by taking more smaller hauls, rather than a few large ones.

e To enable the quality of fish for scientific sampling to be maintained, sufficient
time needs to be allowed between hauls so that fish are not sitting around on
deck while the previous haul is being processed.

In 6aN two vessels were dedicated to undertake the sampling work for stock identify
analysis, each spending its time covering the several of the survey areas over an extend-
ed period of time. In 6aS/7bc 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 and genetic samples

An additional step (bold) is included in the catch sampling procedure outlined previ-
ously:
e Weight of the catch of all species, or where the catch was too large, 5 random
mixed baskets were taken as a sample of the catch and weighed.
e The catch sample was sorted and the total weight of each species recorded.
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e Take out 120 herring that are in the best condition and put them in the cold wa-
ter buckets to keep them pristine for the photographic work (see next)

¢ One full basket (or 2 half) of herring were weighed (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 also in the labor-
atory 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 board 120 herring were taken and placed in cold (chilled
sea water) water buckets in limited number to avoid damage and keep them pristine
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 (so that biological and
genetic samples done later at the lab could be cross-referenced to the individual
photographs). The ID number should be the First letter of the vessel, followed by
haul number, then the fish number. Eg. U31 means Unity, Haul 3, fish 1

3. The fish were pinned out individually for photographing (Figure 2.15)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1
WestHer fish-id: Heve sn _~ 302

Figure 2.15. Example of pinned out herring ready for photographing

4. Once photographed, each herring was label and individually bagged. 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.
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5. Information one on age, sex, maturity stage and genetic samples will be taken from
the frozen fish back at the lab.

2.3.3.1 Morphometric Analysis methods

Morphometric analysis involves taking detailed measurements at certain points on the fishes body or
otolith (Figure 2.16). 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).

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. fip of the caudalis’' ventral lobe 15: insertion of first pectoral fin ray

6: anterior end of caudalis’ fork 18: 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 2.16. Morphometric analysis measurements

2.3.4 Genetic sampling protocols

Genetic samples were collected during the biological processing of samples according to
the protocol below.
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e A clean scissors was used to cut a 0.5-1 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.

e Tissue was placed into the sample tube with molecular grade ethanol and the lid
secured tightly.

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

e 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

Table 2.5. Genetic baseline samples collected during the 6aN industry surveys

Source Date Area Individual labels n Lat Lon
Marine Scotland  28/06/2016 ~ West of Hebrides V31-V81 51 58.167 -7.233
Marine Scotland ~ 25/08/2016 ~ West of Hebrides T1-T65 65 58.133 -7.250
Marine Scotland ~ 26/08/2016 ~ NW Cape wrath E1-81, F1-39 120 58.767 -5.367
Marine Scotland  26/08/2016 NW Cape wrath T66-T81, V1-30 46 58583 -5.633
Marine Scotland ~ 27/08/2016 NW Cape wrath G76-G81,H1-H81,N1-N33 120 58.783 -5.417
Marine Scotland  29/08/2016 NW Cape wrath F40-81,G1-75 116 58.717 -5.350
Marine Scotland ~ 03/09/2016 NE North Sea 11-81, J1-14,J15-J31 120 59.483  2.350
Marine Scotland  06/09/2016 N Cape Wrath L1-81, M1-39 149 58.617 -4.367
Marine Scotland ~ 07/09/2016 N Cape Wrath C1-71 71 58.600 -4.250
Marine Scotland ~ 09/09/2016 N Cape Wrath M40-M69 30 58.600 -4.417
Marine Scotland ~ 16/09/2016 N Cape Wrath X1-X81, P1-P39 120 58.767 -4.650

Genetic samples (Table 2.5) have been received by the University College Dublin
lab and are currently undergoing processing. Additional samples have also been
collected in 6aS (n=240) and in the Celtic Sea (n=200). Total genomic DNA will be
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2.4

extracted following a high-throughput magnetic bead based extraction protocol,
developed during the baseline study, on an LGC oKtopure robot.

Samples will be screened 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 popula-
tions. 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.

2.3.6 Data storage

Data from genetic analyses will be stored in UCI genetic database.

Age composition of the commercial catch

ICES adyvice 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 that samples of the appropriate number and geographic/temporal distribution
are be collected to ensure. It refers to the need to collect samples from the pre-spawning
aggregations in area 1, where a large proportion of catches has been taken in recent
years, and based on “precision level 2” of the Data Collection Framework (DCF), it spe-
cifically advises that the 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 2.5).

Table 2.5. Catch sampling target based on equal area distribution and area weighting

Region Sampling area ICES rec- Area Area weighted | Approx equal
tangle (nm?) no. samples weighted no.
per survey samples per sur-
area vey area
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
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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 2005) were used to determine the age of fish sampled. This age
data was used to create an age-length key (ALK).

2.4.2 Data storage

Data will be stored on Marine Scotland Science biological database following established
procedures.
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3 Results

3.1 Sampling summary

3.1.1 Sampling statistics 6aN

The five vessels covered four different areas between the 24t of July and the 16t of Sep-
tember (Figure 3.1), making a total of 56 sampling hauls. 33 of these caught herring and
were sampled, resulting in biological information collected from a total of 2383 herring
(Table 3.1). In addition 11 hauls of herring in the adjacent North Sea are were sampled
and biological information was collected from 888 individual herring.

Most of the spawning herring were found in area 2, north the mainland. Almost no her-
ring were observed in Area 1 (pre-spawning mixing area). No spawning herring were
found in the Outer Hebrides (Figure 3.2).

Size and age distribution in areas 2-5 were similar, with slightly larger fish in Area 2 and
a separate class of smaller fish were found in one haul in area 3. Samples of fish from
area 1 were somewhat smaller (Figure 3.3, 3.4).

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

July August
Area 1 27 28293031|1 2 3456 Quantus
XXX XX X XXX XX XX X XX X Wiron5/6

Annie Hillina

Area 2 6 9

€ = commercial hauls
X = biological sampling
M = morphological sampling

<~ B =R
=
=
=

Area 3

Area 4 17 18 23 24 5
XX XX XXXX XX XX

Figure 3.1. Schedule of the industry survey, with different colours indicating the differ-
ent participating vessels. The used symbols indicate the aim of the hauls (€ for commer-
cial hauls, X for biological sampling and M for morphological sampling).

Page 41 of 79



Table 3.1. Sampling summary statistics in 6aN survey for hauls catching herring and

sampled in area 6aN.

ALL SPAWNING
Hauls Fish Hauls Fish
All 33 2383 17 1473
Morphometrics 12 1107 8 837
Genetics 18 1438 12 1043
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Figure 3.2. Distribution of biological samples and acoustic data (a) all samples and

acoustics, (b) locations of spawning herring, (c) morphometric samples (d) genetic sam-

ples.
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Figure 3.5a. Area 2 East of Cape Wrath, relative acoustic density (NASC m?/mn?).
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Figure 3.5¢c. Area 4 Outer Hebrides, relative acoustic density (NASC m?/mn?).
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Table 3.2. Haul information and catch composition for hauls relevant to the analysis of the acoustic surveys in 6a North in
2016 (Only hauls catching over 29kg herring and used in the analysis included in this table).

USED IN CATCH (KG)
ANALYSIS
VESSEL HAUL NoO. DATE TiME (UTC) POSITION

AREA Herrin Sprat Mackerel Horse
¢ 8 P clere Mackerel
Zephyr 1 27/08/2016 09:49 58°14' N, 005°39' W 3 37 0 8 224
Zephyr 3 28/08/2016 11:12 58°31' N, 005°47' W 3 232 1800 32 0
Unity 3 26/08/2016 13:25 58°34' N, 005°40' W 3 90 198 12 0
Unity 5 26/08/2016 18:55 58°46' N, 005°21' W 3 125 0 100 25
Unity 6 27/08/2016 07:35 58°44' N, 005°20' W 3 40500 0 4500 0
Unity 8 29/08/2016 06:17 58°44' N, 005°18' W 3 135 0 3 5
Quantus 2 17/08/2016 13:10 58°24' N, 006°54' W 4 140 0 869 191
Quantus 3 18/08/2016 08:07 58°11'N, 007°13' W 4 72 0 0 0
Quantus 11 25/08/2016 09:48 58°30' N, 006°44' W 4 36 0 72 75
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Quantus 12 25/08/2016 15:24 58°09' N, 007°13' W 600 0 0
Unity 2 25/08/2016 17:34 58°06' N, 007°17' W 3325 0 0
Unity 7 28/08/2016 13:05 58°09' N, 007°15' W 1600 0 0
Wiron 6 3 08/09/2016 02:00 58°36' N, 004°26' W 120000 0 0
Wiron 6 4 08/09/2016 05:00 58°36' N, 004°25' W 120000 0 0
Wiron 6 5 09/09/2016 13:40 58°38' N, 004°47' W 110000 1600 0
Wiron 6 6 10/09/2016 03:45 58°36' N, 004°47' W 75000 1100 0
Annie Hillina 6 12/09/2016 23:55 58°45' N, 004°42' W 20211 1572 449
Annie Hillina 7 13/09/2016 06:35 58°45' N, 004°43' W 76672 2421 0
Annie Hillina 9 15/09/2016 21:56 58°43' N, 004°41' W 21588 909 0
Annie Hillina 10 16/09/2016 20:01 58°46' N, 004°42' W 3430 108 36
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3.1.1.1 Quality contro/

To evaluate the quality of the at-sea sampling, estimates of maturity state and length-
weight relationships were compared with measurements determined in the lab from
frozen samples (Figure 3.6).
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Figure 3.6. Comparison of at-sea measurements with lab measurements

3.1.1.1 Total tally of commercial catches in relation to scientific TAC

The 2016 official catches of herring in 6aN total 5 174 t (Table 3.3), compared with the 4
170 t monitoring TAC. The ICES HAWG Working Group's estimates of reallocated
catches are 450 t giving a catch of 4 724 t (ICES 2017b). The additional catches above the
TAC were taken from the banking possibility from 2015 and were used to cover inci-
dental catches of herring taken during the fishery for horse mackerel in 2016.

Table 3.3. Herring in 6a North. Catch and sampling effort by nations participating in the
tishery in 2016. (from HAWG 2017b, Table 6.2.4). (SOP% = the proportion of the catch
that has samples taken from it)

COUNTRY SAMPLED OFFICIAL NO. OF No. No. SOP %

CATCH CATCH SAMPLES MEASURED AGED

(T) (T)
Denmark 0.00 23.30 0 0 0 0.00
Germany 1009.11 1028.19 1 404 168 98.14
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Ireland 513.20 568.69 3 808 230 90.24

Netherlands  0.00 299.75 0 0 0 0.00
UK(England) 0.00 830.92 0 0 0 0.00
UK(Scotland) 2398.28 2423.35 2 388 97 98.97
Period Total  3920.59 5174.20 6 1600 495 75.77

In 6aS/7bc, ICES HAWG estimates of landings of 2200 t in 2016 (Table 3.4). This is an
increase from 1000 t caught the previous year. Catches in 2015 and 2016 are the lowest
and second lowest in the time series (ICES 2017b).

Table 3.4. Herring in divisions 6aS and 7bc. Sampling intensity of catches in 2016. (From
Table 6.1.7 (ICES 2017b). Catches by Ireland only?

Year Quarter Landings No. No. No. Aged/1000
(t) Samples aged  Measured t
2016 1 329 0 0 0 0
2016 4 744 7 438 1764 589
Total 1073 7 438 1764 408

3.1.1.2 Non retained catches from biological sampling

A discard derogation was granted to the vessels during the period of the scientific sur-
vey to account for any by-catch of other species and any non-retained catches that could
not be landed in marketable condition, this particularly being the case for the 3 Scottish
refrigerated-sea-water (RSW) vessels.

All vessels completed their scientific survey duties prior to returning to the ground to
catch their allocated quota. The working document on preparing catch-at-age data for
2017 combined assessment reports the following details (Holah et al 2017): A total of
68.4 t of non-target species was caught of which 16.3 t was discarded along with 49.3 t of
herring; 3.5 t during acoustic survey in area 3 and 4 and the remainder (45.8 t) during
sampling for morphometric and genetic stock separation studies (Table 3.5).

Table 3.5. Species by-catch and fate (discarded % in parenthesis when above 0).
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Catch (t) MAC HOM WHG HER HAD SPR TOTAL

GER 16.4 30.9 2.1 49.4
UK-Eng 2.7 2.7
UK-Sco 7.8 4.6 (100%) 0.3 (100%) 49.3 0.4 3.5 (100%) 65.6

(100%) (100%)  (100%) (100%)
Total 26.9 35.5 2.1 49.3 0.4 3.5 117.7

3.1.2 Sampling statistics 6aS/7bc

A total of three hauls were completed in 6aS/7bc, however, only one contained herring.
In some areas where marks of herring were observed, the vessel was unable to fish due
to the shallow water depth (e.g. <20m in Lough Swilly) and size of gear available. The
monitoring fishery was being conducted at the same time as the survey, on smaller
boats in the same areas. Biological samples from some of these vessels were used to
augment the sample from the survey. Samples were taken from boats fishing in Lough
Swilly and Donegal Bay as close spatially and temporally as possible to the survey in
these areas (Table 3.5).

Table 3.5. Biological sampling summary statistics from hauls and samples in 6aS/7bc

survey
Haul/Station Date Location Fish (meas- Ages/maturity/sex
ured/lengths)
1 2/12/2016 Offshore 200 50
4 29/11/2016 ~ Lough Swilly 337 69
5 16/11/2016  Lough Swilly 268 64
8 21/11/2016 = Donegal Bay 248 75
9 21/11/2016 = Donegal Bay 183 48

Page 52 of 79



10 13/12/2016 ~ Donegal Bay 250 56

NWHerring 2016 Haul and sample positions
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Figure 3.7. Distribution of biological samples and acoustic transect data in 6aS/7bc - all

samples and acoustics.
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Figure 3.8. NASC (sqrt) of herring in 6aS/7bc.
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Figure 3.10. (a- upper panels) Age at length 6aN, (b — lower panels) 6aS/7bc

Maturity at age for 6aS/7bc herring is shown in Table 7. 74% of 1-wr herring were imma-
ture, and 0.02% of 2-wr herring were immature.

Table 3.6. Maturity at age for 6aS/7bc herring in 2016.

Age Immature Mature

(wr)

1 74% 26%

2 0.02% 99.98%
3+ 0% 100%
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3.2

Abundance estimation

Biological data were used to estimate the abundance and biomass of herring in each
strata according to length, age and maturity stage. In each section, the summary table
for each area is followed by the details for each strata.

3.2.1 6aN (Tables 3.7 to 3.11)

Table 3.7. Total Abundance and overall biological composition of herring in 6a North
from the acoustic survey. *Spawning herring is a subset of the mature herring.

Age Abundance Mature Spawning Biomass Mean length Mean
('000s) ® (cm) weight
(g)
1 4764 3% 0% 277 - -
2 62298 98% 41% 8456 25.1 135.7
3 22221 100% 67% 3957 27.2 178.1
4 17828 100% 74% 3651 28.3 204.8
5 12393 100% 72% 2740 29.1 221.1
6 15779 100% 72% 3624 29.5 229.7
7 12829 100% 80% 3038 29.9 236.8
8 4466 100% 83% 1068 30.2 239.1
9 1775 100% 89% 455 30.9 256.4
10 583 100% 98% 145 30.7 249.7
11 7 100% 100% 1 31.5 197.0
12 32 100% 100% 8 30.0 262.0
13 0 - - 0 - -
14 32 100% 100% 9 30.5 278
Immature 6220 - - 433 20.2 69.6
Mature 148712 - - 26995 27.3 181.5
Spawning* 90208 - - 17627 28.0 195.4
TOTAL 154942 96% 58% 27440 27.0 177.0
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Table 3.8a. Overall length and age distribution for Area 2 East of Cape Wrath.

Variable: Abundance
Estlayer: 1
Stratum: TOTAL
specialstage: TOTAL

age
LenGrp 2 3 4 5 3 7 3 ] 1@ 11  Number Biomass Mean W

(1£3) (1E3kg)  (g)
23.8-23.5 2586 - - - - - - - - - 256 27.1 185.59
23.5-24.8 748 - - - - - - - - - 748 83.2 111.27
24.8-24.5 12938 - - - - - - - - - 1293 158.2 115.75
24,5-25.8 2265 - - - - - - - - - 2265 282.6 124.77
25.8-25.5 3255 76 - - - - - - - - 3331 435.4 138.73
25.5-26.8 3587 127 - - - - - - - - 3634 512.1 148.91
26.8-26.5 3552 314 - - - - - - - - 3866 58@.3 158.1@
26.5-27.0 2383 945 178 - - - - - - - 3786 596.9 161.88
27.8-27.5 1127 2147 533 - - - - - - - 3B@7 622.1 163.41
27.5-28.8 778 2194 863 42 - - - - - - 3878 787.5 182.45
28.8-28.5 34 1889 1658 545 277 - - - - - 4394 849.9 193.42
28.5-29.8 - 97 3381 1223 77 283 - - - - 5586 1152.3 286.28
29.8-29.5 - 412 1835 1572 2196 a77 9 - - - G981l 1496.8 216.78
29.5-38.8 - - 453 1966 2676 1454 652 - - - 7195 1ele.8 224.72
3@.e-38.5 - - 349 823 1472 2928 324 6 356 - 6757 1568.3 238.98
3@.5-31.@ - - 3ea 267 1155 1488 894 322 - - 4466 11e4.3 247.28
31.8-31.5 - - a8 522 399 372 399 574 - - 2347 583.2 248.51
31.5-32.@ - - 79 225 172 423 4@38 46 - 7 1345 342.2 254.48
32.8-32.5 4 - - - - 158 149 153 42 - 586 144.7 285.61
32.5-33.@ - - - - - 86 - - 39 - 125 31.4 251.96
33.8-33.5 - - - - a 36 - 4 - - L] 14.9 381.39
34.8-34.5 | - - - - - - - - 48 - 48 12.8 3@e.e8
TSN(1e68) | 19486 3881 9628 7184 3473 3@98 3335 1187 477 7 66499 - -
TSB(1leae kg) 2722.1 1564.4 1959.4 1597.5 1957.2 1893.8 884.6 288.1 116.9 1.4 - 12916.7 -
Mean length (cm) 25.49 27.42 28.51 29.36 29.66 3@.84 3@.43 31.@2 38.71 31.58 - - -
Mean weight (g) 14@.27 177.74 283.88 222,38 231.8@ 234,89 241.28 268.33 245.27 197.8@ - - 194.13

Table 3.8b. Biological composition of herring in Area 2 East of Cape Wrath from the
acoustic survey. *Is a subset of the mature herring.

Age Abundance Mature Spawning Biomass Mean Mean
('000s) ® length (cm)  weight (g)
1 0 - - 0 - -
2 19406 99% 87% 2722 25.5 140.3
3 8801 100% 94% 1564 27.4 177.7
4 9620 100% 95% 1959 28.5 203.7
5 7184 100% 95% 1598 29.4 222.4
6 8473 100% 88% 1957 29.7 231.0
7 8090 100% 91% 1894 30.0 234.1
8 3335 100% 95% 805 30.4 2413
9 1107 100% 86% 288 31.0 260.3
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10 477 100% 100% 117 30.7 245.3
11 7 100% 100% 1 31.5 197.0
Immature 196 - - 23 25.5 115.2
Mature 66295 - - 12882 28.1 194.3
Spawn-

ing* 60460 - - 11757 28.1 194.5
TOTAL 66500 100% 91% 12917 28.1 194.1

Table 3.9a. Overall length and age distribution for Area 3 The Minch.

Variable: Abundance
Estlayer: 1
Stratum: TOTAL
specialstage: TOTAL

age
LenGrp 1 2 3 4 5 [ 7 8 9 18 12 14  Number Biomass Mean W

(1E3) (1E3kg) (g)
17.5-18.@ 153 - - - - - - - - - - - 153 7.8 51.e8
18.8-18.5 458 - - - - - - - - - - - 458 22.9 58.88
18.5-19.@ 519 - - - - - - - - - - - 519 27.2 52.35
19.8-19.5 1833 - - - - - - - - - - - 1833 1e2.8 56.88
19.5-28.8 5e4 - - - - - - - - - - - Se4 8.7 6@.91
28.8-28.5 489 - - - - - - - - - - - 4389 32.5 66.56
2@.5-21.8@ - - - - - - - - - - - - 199 - -
21.8-21.5 31 122 - - - - - - - - - - 153 13.1 86.88
21.5-22.8@ 15 15 - - - - - - - - - - 31 3.2 1@s.ee
22.8-22.5 - 76 - - - - - - - - - - 76 7.3 96.88
22.5-23.@ - 76 - - - - - - - - - - 76 7.8 92.88
23.8-23.5 - 321 76 - - - - - - - - - 397 41.7 1es.ee
23.5-24.8@ - 555 - - - - - - - - - - 555 65.3 117.71
24.8-24.5 - 1424 - - - - - - - - - - 1424 173.7 121.98
24.5-25.8 - 1531 - 48 - - - - - - - - 1579 212.9 134.85
25.8-25.5 - 2181 358 - - - - - - - - - 2539 365.2 143.88
25.5-26.8 - 2344 429 - - - - - - - - - 2774 417.8 158.36
26.8-26.5 - 3814 518 - - - - - - - - - 3523 564.2 168.13
26.5-27.8 - 1483 444 484 - - - - - - - - 2331 394.8 169.29
27.8-27.5 - 1217 1388 193 lael - - - - - - - 2891 518.8 179.48
27.5-28.8@ - 3493 17e8 468 121 162 - - - - - - 2836 531.6 187.42
25.8-28.5 - - 1648 868 4586 3e9 - - - - - - 3265 664.9 283.66
25.5-29.8 - - 545 931 381 578 17e 1l6@ - - - - 2685 577.1 214.94
29.8-29.5 - - 478 344 1127 1338 125 - 188 - - - 3593 8@3.4 223.59
29.5-38.8 - - 162 647 239 777 558 - - - - - 3876 7@89.8 238.50
3@.8-38.5 - - 3z 223 319 953 1127 - 41 32 32 - 2768 667.8 241.96
3@.5-31.8@ - - - 95 199 348 538 198 63 - - 32 1466 373.8 254.45
31.8-31.5 - - - 94 31 125 197 31 218 31 - - 727 185.7 255.33
31.5-32.@ - - - - - 3es 153 - 31 31 - - 519 144.5 278.35
32.8-32.5 - - - - - a9 66 66 33 - - - 264 8@.5 3@85.8@
32.5-33.@ - - - - - 62 31 - a4 - - - 187 55.5 296.33
33.8-33.5 - - - - - - - - - - - - 34 - -
33.5-34.8 - - - - - - - - - - - - 26 - -
TSN(1leea) 4202 14672 7747 4379 3504 5857 2958 443 668 94 32 32 43883 - -
TSE(1eee kg) 228.2 2151.6 1431.1 938.8 811.2 1182.3 738.4 118.6 166.9 25.5 8.4 8.8 - 78@8.9 -
Mean length (cm) 18.97 25.35 27.38 28.33 20.84 29.58 3@.88 3e.e4 3@.61 3@.82 3@.e0 38.58 - - -
Mean weight (g) 57.82 145.65 184.73 214,19 225.68 233.78 249.66 247.13 249,92 272.51 262.88 273.88 - - 178.58

Table 3.9b. Biological composition
survey. *Is a subset of the mature herring.

of herring in Area 3 The Minch, from the acoustic

Age Abundance ('000s)

Mature

Spawning

Biomass

(t)

Mean length

(cm)

(g)

Mean weight
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2 14672 93% 61% 2152 25.4 146.7
3 7747 99% 72% 1431 27.3 184.7
4 4379 100% 69% 938 28.3 214.2
5 3594 100% 47% 811 29.0 225.7
6 5057 100% 64% 1182 29.5 233.8
7 2958 100% 86% 738 30.1 249.7
8 448 100% 93% 111 30.0 2471
9 668 100% 94% 167 30.6 249.9
10 94 100% 100% 26 30.8 272.5
11
12 32 100% 100% 8 30.0 262.0
13
14 32 100% 100% 9 30.5 278.0
Immature 5061 - - 340 19.8 67.2
Mature 38621 - - 7461 27.6 193.2
Spawning* 26041 - - 5142 27.8 197.5
TOTAL 43683 88% 60% 7801 26.7 178.6
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Figure 3.10a. Length and age distribution for Area 4 Hebrides.

Variable: Abundance

Estlayer: 1
Stratum: TOTAL

specialstage: TOTAL

LenGrp 1 2 3 4 5 6 7 8 1@ Number Biomass Mean W

(1E3) (lE3kg) (g)
19.5-268.6 | 66 - - - - - - - - 66 3.5 52.68
28.8-28.5 | 2685 - - - - - - - - 265 15.9 Ga@. e
28.5-21.@ | 66 - - - - - - - - 66 4.1 62.00
21.8-21.5 | 242 1] - - - - - - - 382 21.3 7a.48
22.8-22.5 | 57 - - - - - - - - 57 4.6 aa@. e
22.5-23.@ | - 437 - - - - - - - 477 44.6 93.54
23.8-23.5 | - 1766 - - - - - - - 1766 192.1 188.77
23.5-24.0 | - 2474 - - - - - - - 2474 268.1 188.34
24.8-24.5 | - 4994 - - - - - - - 4994 585.8 117.15
24.5-25.@ | - 5415 - - - - - - - 5415 877.9 125.19
25.8-25.5 | - 5513 - 39 - - - - - 5552 728,99 131.29
25.5-26.6 | - 48268 345 - - - - - - 4364 599.3 137.31
26.8-26.5 | - 22a7 1113 a9 - - - - - 34849 515.5 151.19
26.5-27.@ | - 1a21 1628 85 - - - - - 2725 453.7 166.46
27.8-27.5 | - 169 1479 776 - 27 - - - 2451 425,99 173.77
27.5-28.8 | - 1a5 661 744 296 - - - - 1l8@6 33@.2 182.89
28.8-28.5 | - - 88 784 392 798 89 - - 2143 434.7 282.86
28.5-29.@ | - - 60 723 625 482 226 185 - 2221 459.9 2@87.82
29.8-29.5 | - - 288 354 33 35 831 289 - 1758 387.8 221.67
29.5-3@.@ | - - - 235 19@ 456 282 a7 - 11749 263.7 223.74
3@.8-38.5 | - - 98 - a8 236 338 62 - 8l5 19@.4 233.72
3@.5-31.@ | - - - - - 114 39 1e8 12 273 63.9 234,15
31.8-31.5 | - - - - - 111 18 21 - 142 34.9 245.7@
31.5-32.@ | - - - - - - 46 - - 46 13.4 29@.8@
TSN(1l@ae) | 638 23220 5673 3829 1615 2249 1781 633 12 44759 - -
TSB(1leee kg) | 41.3 3582.1 961.8 753.3 331.3 484.8 4685.8 152.3 3.e - 6719.1 -
Mean length (cm) | 28.62 24.64 26.78 27.87 28.48 28.98 29.24 29.38 3@.58 - - -
Mean weight (g) | 65.47 126.93 169.53 196.75 285.13 215.55 227.86 223.84 248.00 - - 15@8.12

Table 3.10b. Biological composition of herring in Area 4 Herbides, from the acoustic
survey. *Is a subset of the mature herring.

9 o

AGE Abundance ('000s) t/:Jre e % Spawning Biomass (t) Mean length (cm) Mean weight (g)
1 696 8% 0% 48 204 63.1
2 28220 99% 0% 3582 24.6 126.9
3 5673 100% 18% 962 26.8 169.5
4 3829 100% 27% 753 27.9 196.8
5 1615 100% 27% 331 28.4 205.1
6 2249 100% 32% 485 28.9 215.6
7 1781 100% 23% 406 29.2 227.9
8 683 100% 15% 152 29.4 223.0
9 0 - - 0 - -
10 12 100% 0% 3 30.5 248.0
Immature 963 = - 71 213 73.2
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Mature 43796 6652 25.8 151.8
Spawning* 3707 727 28.0 196.1
TOTAL 44759 98% 8% 6723 25.7 150.1

The results of the uncertainty estimates (CV) for 6aN are shown in Figure 3.11. The CV

estimates are Area 4 and 2 are quite good at around 0.2-0.3 for ages 2-8, but poor for Ar-
ea 3 (CV>0.6), mainly because of the low number of trawl samples.
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Figure 3.11. 6aN uncertainty estimates on the acoustic abundance and Coefficient of var-

iation (CV) (a) Area 2, (b) Area 3, (c) Area 4

3.2.2 6aS/7bc (Table 3.12 to 3.16)

The estimated total stock biomass (TSB) of herring found in each of the survey areas
(those that we are confident are 6aS/7bc herring) is shown in Tables 13.12-3.16. The TSB
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estimate for the combined 6aS/7bc area (Table 13.12) was 35,475 tonnes (Lough Swilly =
9,411 tonnes, Donegal Bay = 13,301 and the remaining NW area = 12,762 tonnes).

The transects in Lough Swilly were executed in a zig-zag pattern due to the shallow na-
ture of the habitat, therefore for estimation purposes, Lough Swilly was treated as a sep-
arate strata within StoX. The entire survey area outside of Lough Swilly was treated as
two strata with parallel transects with 3nmi spacing (one Donegal Bay strata, and one
for the rest of the northwest (NW) area).

Table 3.12. Total 6aS/7bc age-disaggregated estimate of mature herring.

Variable: Abundance
EstLayer: 1

Stratum: TOTAL

SpecCat: Clupea herangus

age
LenGrp 1 2 3 4 5 6 7 8 Number Biomass Mean W
(1E3) (1E3kg) (g)
28.8-208.5 | 333 - - - - - - - 333 19.7 59.e8
29.5-21.0 | 735 - - - - - - - 735 45.2 61.55
21.@-21.5 | - - - - - - - - - - -
21.5-22.0 | 147@ - - - - - - - 1476 121.e6 82.71
22.@-22.5 | 2068 - - - - - - - 2068 1e8.1 81.28
22.5-23.0 | 1968 1467 - - - - - - 3427 385.3 89.18
23.@-23.5 | - 2748 - - - - - - 2748 273.3  99.4s
23.5-24.0 | 718 2763 - - - - - - 3481  358.3 1@2.93
24.@-24.5 | - 7683 434 - - - - - 8038 984.5 112.53
24.5-25.0 | - 6485 3088 924 - - - - 1e487 1298.1 123.67
25.@-25.5 | - 6335 6664 134@ - - - - 14339 18%6.@ 132.23
25.5-26.0 | - 3972 14941 - 1178 - - - 28091 2847.2 141.71
26.@-26.5 | - 2457 15131 2396 898 - - - 28873 31e4.8 148.75
26.5-27.0 | - 225 15963 1737 3133 - - - 21857 3231.@ 153.44
27.@-27.5 | - - 7060 6460 4313 957 - - 18789 315%6.1 167.97
27.5-28.0 | - - 7296 611 13353 1984 la27 1138 25489 4522.6 178.68
28.@-28.5 | - - 278 557 11816 12861 341 - 28114 4993.2 177.68
28.5-29.0 | - - - 966 4119 8532 7856 - 28673 4841.4 195.58
29.@-29.5 | - - 375 - 6232 73681 698 - 14686 2829.4 193.71
29.5-308.0 | - - - 475 1833 le42 2313 - 4863  978.4 201.19
38.@-38.5 | - - - 315 - - - 1186 1421  283.7 199.78
38.5-31.0 | - - - - - - 168 - 160 97.4 211.81
TSN(1860) | 7284 34855 71229 15781  4eBee 31877 14956 2244 223491 - -
TSB(1600 kg) | 59@.4 4857.6 18811.6 2529.1 8273.5 5922.8 2869.@8 421.5 - 35475.4 -
Mean length (cm) | 21.94 24,43 26.11 26.76  27.77 28.35 28.56 28.73 - - -
Mean weight (g) | 81.85 119.15 151.79 1e8.27 179.68 185.88 191.84 187.87 - - 158.73
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Table 3.13. Lough Swilly area age-disaggregated estimate of mature herring in survey

Variable: Abundance

EstLayer: 1
Stratum: Swilly

SpecCat: Clupea herangus

LenGrp 2 3 4 5 6 7 8 MNumber Biomass Mean W

(1E3) (1E3kg) (g)
20.8-20.5 | - - - - - - - - - -
28.5-21.9 | - - - - - - - - - -
21.8-21.5 | - - - - - - - - - -
21.5-22.9 | - - - - - - - - - -
22.8-22.5 | - - - - - - - - - -
22.5-23.9 | 174 - - - - - - 174 15.8 91.e@
23.8-23.5 | 955 - - - - - - 955 99.3 1le4.0@
23.5-24.8 | 913 - - - - - - 913  1e8.1 189.68
24.8-24.5 | 3082 - - - - - - 3082  334.7 111.58
24.5-25.09 | 1904 1142 762 - - - - 38088  467.8 122.85
25.8-25.5 | 2200 1818 574 - - - - 4592  621.8 135.42
25.5-26.0 | 1135 2931 - 851 - - - 4917  711.6 144.73
26.8-26.5 | 1136 2178 1515 - - - - 4838  715.1 148.6@6
26.5-27.8 | - 2413 1862 965 - - - 4441  684.7 154.28
27.8-27.5 | - 1258 1355 1258 678 - - 4558  765.2 168.19
27.5-28.09 | - 3131 - 4811 - - - 7142 1258.7 176.23
28.8-28.5 | - - - 4657 2873 594 - 8125 1448.8 177.33
28.5-29.0 | - - 686 1274 1479 14780 - 4988  975.7 199.14
29.8-29.5 | - 203 - 2741 689 - - 3553 692.9 195.@3
29.5-30.9 | - - 302 382 504 584 - 1613  322.6 2080.86
30.8-30.5 | - - 207 - - - 621 829 165.6 199.88
38.5-31.8 | - - - - - 174 - 174 39.2 226.08
TSH(1eee) | 11418 15875 6463 16068 6134 2742 621 58514 - -
TSB(1088 kg) | 1412.5 2333.1 1088.9 2868.7 1118.5 546.2 123.8 - 9411.7 -
Mean length (cm) | 24.48 26,18  26.58 27.81 28.23 28.7@¢ 38.60 - - -
Mean weight (g) | 123.78 154,77 156.89 178.e62 182.35 199.20 199.17 - - 1e8.84
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Table 3.14. Northwest area age-disaggregated estimate of mature herring in survey

Variable: Abundance
EstLayer: 1

Stratum: NW

SpecCat: Clupea herangus

age
LenGrp 1 2 3 4 5 6 7 8 DNumber Biomass Mean W

(1E3) (1E3kg) (g)
26.08-28.5 | 118 - - - - - - - 110 6.5 59.60
26.5-21.0 | 289 - - - - - - - 289 18.6 62.40
21.8-21.5 | - - - - - - - - - - -
21.5-22.0 | 578 - - - - - - - 578 46.7 806.90
22.8-22.5 | 738 - - - - - - - 730 59.9 82.15
22.5-23.0 | 623 736 - - - - - - 1359 121.6 89.5@
23.8-23.5 | - 1349 - - - - - - 1349 132.3 98.84
23.5-24.0 | 162 1293 - - - - - - 1455  149.6 1@2.81
24.0-24.5 | - 2823 101 - - - - - 2924  323.9 118.78
24.5-25.0 | - 2988 1084 163 - - - - 4226 516.7 122.28
25.8-25.5 | - 2522 2312 420 - - - - 5254 683.9 138.18
25.5-26.0 | - 2127 5016 - 327 - - - 7476 1@36.8 138.80
26.8-26.5 | - 1321 4842 880 275 - - - 7319 1@873.6 146.7@
26.5-27.0 | - 225 5738 675 1869 - - - 7787 1l166.6 151.38
27.8-27.5 | - - 2289 2345 1675 279 - - 6589 11@1.2 167.13
27.5-28.0 | - - 3839 118 4586 608 276 387 9e@s 1573.3 174.71
28.8-28.5 | - - 278 557 3787 4567 1858 - 18248 1765.5 172.27
28.5-29.0 | - - - 280 1233 2971 2859 - 7343 1423.5 193.87
29.8-29.5 | - - 172 - 2234 2291 573 - 5269 18@9.0 191.49
29.5-308.0 | - - - 173 468 483 863 - 1899 377.8 198.52
38.@-38.5 | - - - 1a8 - - - 484 592 118.1 199.45
38.5-31.0 | - - - - - - 286 - 286 58.1 283.20
TSN(18680) | 2491 15375 24871 5712 15647 11119 5915 871 820ee - -
TSB(1660 kg) | 199.9 1789.3 3752.8 917.5 2789.6 20835.8 1112.8 164.8 - 12762.0 -
Mean length (cm) | 21.84 24.48 26.17 26.88 27.78 28.34 28.65 28.89 - - -
Mean weight (g) | 86.26 116.38 156.89 1e8.64 178.25 183.18 188.13 189.17 - - 155.63
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Table 3.15. Donegal Bay area age-disaggregated estimate of mature herring in survey

Variable: Abundance
EstLayer: 1

Stratum: Donegal Bay
SpecCat: Clupea herangus

age
LenGrp 1 2 3 4 5 3 7 8 MNumber Biomass Mean W

(1E3) (1E3kg) (e)
28.8-208.5 | 223 - - - - - - - 223 13.2  59.e8
28.5-21.0 | 446 - - - - - - - 446 27.2 6l.08
21.8-21.5 | - - - - - - - - - - -
21.5-22.0 | 892 - - - - - - - 892 74.8 B83.88
22.8-22.5 | 1338 - - - - - - - 1338 1@8.2 80.83
22.5-23.0 | 1337 557 - - - - - - 1894 167.9  88.65
23.08-23.5 | - 444 - - - - - - 444 41.8 94.088
23.5-24.0 | 557 557 - - - - - - 1114 1@8.7 97.68
24.0-24.5 | - 1778 333 - - - - - 2112 245.9 116.42
24.5-25.0 | - 1681 862 - - - - - 2463 313.5 127.38
25.8-25.5 | - 1613 2535 346 - - - - 4494  598.3 131.36
25.5-26.0 | - 711 6993 - - - - - 7784 1@98.7 142.62
26.0-26.5 | - - 811e - 614 - - - 8725 1316.1 150.85
26.5-27.0 | - - 7811 - 10898 - - - 8918 1379.7 154.85
27.8-27.5 | - - 3512 2759 1388 - - - 7651 1289.7 168.57
27.5-28.0 | - - 1126 5081 4756 1377 751 751 9261 1698.6 182.55
28.8-28.5 | - - - - 3372 4621 1748 - 9741 1787.6 183.45
28.5-29.0 | - - - - 1612 4891 2728 - 8431 1e42.2 194.79
29.8-29.5 | - - - - 1257 4401 126 - 5784 1127.5 194.93
29.5-30.0 | - - - - 270 135 946 - 1351 278.8 206.38
TSN(1888) | 4794 7262 31283 3eB6 14359 14625 6298 751 82978 - -
TSB(1000 kg) | 398.5 855.7 4725.6 682.7 2615.8 2768.5 1218.8 132.9 - 133@1.7 -
Mean length (cm) | 21.99 24.26 26.84 26.88 27.71 28.41 28.48  27.50 - - -
Mean weight (g) | 81.46 117.84 151.86 167.16 182.17 189.38 192.11 177.00 - - 168.31

The results of the uncertainty estimates (CV) for 6aS/7bc are shown in Table 14. The CV
estimates are high (~0.37) for the survey in 2016.

Table 3.16. 6aS/7bc uncertainty estimates (with CV) by weight and number for the
Northwest area, Lough Swilly and the total survey area.

Hi] "Ton by stratum”
Stratum Ton.5% Ton.58% Ton.95% Ton.mean Ton.sd Ton.cv
1: Donegal Bay 282.739 13218.868 32829.31 12868.935 10675.991 8.8295948
2: NW 423@8.325 12282.814 22892.13 12828.311 5850.342 0.4568493
3: Swilly 8.808 9378.993 17740.96 8386.831 6637.282 ©.7913933
[1] "Total number by stratum (mill)"
Stratum Ab.Sum.5% Ab.5um.58% Ab.Sum.95¥ Ab.Sum.mean Ab.Sum.sd Ab.Sum.cwv

1: Donegal Bay 1386613 82439879 218851435 82527602 78348423 8.8524238
2: NW 26385359 78878768 146238986 82496633 37943474 8.4599397
3: Swilly 8 56987956 113311721 52143917 41373715 8.7934524
[1] "Ton by surwey"

Ton.5% Ton.58% Ton.95% Ton.mean Ton.sd Ton.cwv
1: 14486.75 33856.86 547682.04 34084.08 12680.88 0.3728471
[1] "Total number by survey (mill)"
Ab.Sum.5% Ab.Sum.50% Ab.S5um.95% Ab.Sum.mean Ab.Sum.sd Ab.Sum.cv
1: 91951196 214361162 352422737 217168152 81122699 6.3735479
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3.2.3 Bias considerations

Bias Considerations

6.1 Directed movement of fish with re-

spect to the survey tracks

6.2 Avoidance effect

6.3 Overlapping survey layers

Comment

No strong directed movement at this time that would make the
‘flow’ of herring across the strata greater than within. Pre-
spawning and spawning aggregations.

unquantified

NA

6.4 Shallow water NA Future design needs to be considered in inshore areas (e.g.
Lough Swilly). Currently separate strata. There was good evidence

of offshore containment in 6aS/7bc, however, stock was not con-

tained inshore due to hyper-aggregating behaviour and shallow
distribution (<10m) in some areas.

6.5 Water temperature and the propa-
gation of the sonar beam

No problems?

6.6 Quality of raw material used

Good weather throughout all suvreys in 2016. Good quality raw
data from calibrated scientific equipment

6.7 Accuracy of calibration constant Good calibration

6.8 Biomass species composition

Trawl information, results from monitoring fishery and acoustic
expert agreement

6.9 The actual accuracy problem of See CV estimates

acoustic surveys

3.2.4 Comparing towed-body and hull-mounted echo sounders

After the survey the acoustic data sets of the hull-mounted transducer and the towed-
body transducer were scrutinized to determine the NASC per measure point. In area
two, 30 transects were measured, each consisting of several measure points. In Table
3.17 is the total of all transect means (TTM) displayed, which shows on average a higher
NASC for the towed-body transducer. Also the sum of all NASC that was measured
with the hull-mounted- and towed-body transducer (SOM) is showed in this table, and
appears to be higher at the towed body measurements.
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Table 3.17. Overview of towed-body and hull-mounted NASC

Transects TTM (NASC) SOM (NASCQO)
Towed-body 30 2783,6 32126,2
Hull-mounted 30 2269,5 26688,1

This table shows the comparison between the towed-body data and hull-mounted data.
For both 30 transects were measured, for which the total transect mean (TTM) is dis-
played. This was calculated by taking the mean NASC of each transect and sum all 30
means. The sum of all NASC measured (SOM) is showed in the last column and was
calculated by summing all NASC that was measured in all measure points of all tran-
sects.

From the 30 transects that were acoustically measured, 22 transects showed a higher
mean NASC by the towed-body transducer. The other eight transects showed a higher
mean NASC with use of the hull-mounted transducer. Figure 3.12 shows the mean
NASC per transect measured by both transducers.

Mean NASC per transect

A
200
4 N\ w’J K_"A» - _/'*‘\‘/_—

1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Transect

e \lean NASC TB Mean NASC HM

Figure 3.12. Mean NASC per transect measured by the towed-body transducer (TB, blue
line) and the hull-mounted transducer (HM, red line).
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3.3

Stock identity separation

3.4

3.3.1 Morphometric differences

Laboratory analysis to be completed in 2017

3.3.2 Genetic differences

Laboratory analysis to be completed in 2017

Age composition of the commercial catch

3.4.1 Catch at age matrix (text from ICES HAWG 2017b)
6aN

Biological data from commercial hauls taken during the monitoring fishery were used in
generating the catch-at-age data for the 2017 assessment. See Holah et al 2017 for details
on the methods used to raise the sample estimates to the total catch.

Catch and sample data are detailed in Table 3.3 (Table 6.2.4 of the HAWG report). The
number of samples used to allocate an age-distribution for the 6.a (N) catches decreased
to 16 in 2016, from 32 in 2015. All samples (19) were collected during the monitoring
fishery, 14 taken by scientists on-board and 5 on-shore at processors as vessels were
landing. Samples covered the Scottish (7), English (5), German (1) and Irish (3) fleets re-
spectively. 51.3% of the catch was taken by the Scottish RSW fleet; 39.4% was taken by
the international freezer trawler fleet; the remaining 9.3% was caught by the Dutch, Irish
and Danish fleets. Whilst there were fewer samples than previous years due to the zero
TAC and limited monitoring fishery this sample coverage of fleets was in line with the
distribution of previous years. 13 of the 16 samples obtained came from quarter 3 and 3
from quarter 4. The available samples were used to allocate a mean age (winter rings)
distribution (using the sample number weighting) to unsampled catches, in the same or
adjacent quarters. Quarter 3 samples were used for unsampled quarter 3 catches, quar-
ter 4 samples were used for quarter 4 unsampled catches and combined quarter 3 and 4
catches were used for unsampled quarter 1 and 2 catches. The allocation of age distribu-
tions to unsampled catches, and the calculation of total international catch-at-age and
mean weight-at-age in the catches were done following established raising methods. A
detailed description of the process in 2016 can be found in (Holah et al. 2017) .

The 2013 year class (2-ringers in 2016) dominated the catch in 6.aN (33% of the catch)
(Figure 6.2.8, Table 6.2.7 of HAWG report). This year class is also coming through very
strongly in the neighbouring North Sea autumn spawning stock. The 2008 year class (7-
ringers in 2016) was the last strong cohort and still contributes to the catch. There is al-
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most no fish older than 7-winter rings in the catches this year. 1-ring herring were pre-
sent in very small numbers in the catches in 6.aN and are generally observed intermit-
tently only. They are rarely representative of year class strength.

6aS/7bc

Catch and sample data are detailed in Table 3.4 (Table 6.1.7 in the HAWG report).
Catch-at-age data for this fishery are shown in Table 6.1.3 in the HAWG report. In 2016
the fishery was dominated by 3-ringers (2012 cohort), accounting for 31% of the catch,
followed by 5-ringer (2010 cohort) at 22%. These cohorts have featured prominently in
previous years too.
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4 Achievements and Recommendations

4.1 Abundance estimation -acoustics
4.1.1 Recommendations for data users from ICES WGIPS (ICES 2017a)

4.1.1.1 6aN

The acoustic surveys in the three strata surveyed in 6aN are considered to:

1. Contain the principal active spawning areas advised by ICES (ICES 2016b) and
the locations of reported commercial fishing activity conducted in August-
September in recent years.

2. Provide a reliable estimate of
a. the biomass of all herring at age observed in the 3 survey areas

b. the minimum biomass of mature herring at age (Stages 2-5 on the ICES 6
pt maturity scale, ICES 2011)

c. the minimum biomass of actively spawning herring (those that we are con-
fident are 6aN herring, stages 3-4 on the ICES 6 pt maturity scale, ICES
2011)

The survey has particular value in relation to

e Providing a platform to continue work on stock splitting and stock ID in the
greater Malin Shelf area (to be considered in ICES WKSIDAC)

e Providing a new index of 6aN SSB and monitoring changes in the timing of
spawning and distribution at this time of year.

e Considering the appropriateness of a scientific monitoring TAC in 6aN, because
the 6aN SSB estimate is a component of the estimates of the total stock estimated
by the MALIN shelf/ WoS herring acoustic survey.

e Map in detail the spawning locations in 6aN, which is useful in relation to marine
spatial planning considerations.

e Promoting positive example of industry-science and developing industry’s skills
to assess pelagic stocks.

4.1.1.2 6aS/7bc

The acoustic survey in 6aS/7b was considered to:
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Be a minimum estimate of herring in the 6aS/7b survey area at the time of the
survey

Not contain the herring stock inshore due to the inshore distributions observed
on the survey and reported in the fishery

Have high confidence that the herring surveyed were 6aS/7b fish due to the in-
shore distribution and maturity stages of the fish sampled

Be a good first data point of a time-series, were the survey to be continued in the
future

Reflect what was experienced in the monitoring fishery at the same time

The survey has particular value in relation to

4.1.2.1

Being a good proof of concept that Industry/science partnership is a suitable way
to survey this stock, including calibration of hull mounted transducers (38 and
120kHz) of the industry vessel at pier in Killybegs

Providing a new index of 6aS/7b SSB for the surveyed area

Providing a platform to continue work on splitting and stock ID in the greater
Malin Shelf area (to be considered in ICES WKSIDAC, 20-24 Nov 2017)
Documenting changes in the timing of spawning and distribution at this time of

year and information on pre-spawning behaviour in inshore areas.

Recommendations for future surveys from WGIPS (January 2017)

6aN

Consider evidence for timing and spawning locations since missing the peak in
timing is the biggest risk.

Allow time for adaptation of survey to map high intensity areas, particularly in
the case of active spawning aggregations. The position of these localised aggrega-
tions needs to be determined and a small area around it defined, which subse-
quently needs to be covered with a tighter transect spacing. If time is available, it
may also be useful to initially perform a non-systematic scouting survey to get an
idea of the distribution/location of fish in the survey area. Based on the results,
the survey area could then be split into appropriately sized strata which can be
covered with necessary variable survey effort.

Consider if calibration at the quay side (stern on) is an option for commercial ves-
sels.
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4.2

4.1.2.2

Seek to ensure that industry vessels are equipped with smaller nets typically used
in scientific surveys and appropriate echosounder with heave compensation.

Ensure that any future surveys follow standard protocols whereby all fish record-
ings (even of non-commercial size) encountered on the echogram be sampled
regularly. This is paramount to improve analysis of the acoustic data and accura-
cy of the estimated abundance and stock composition for different species in the
survey area

6as/7bc

Survey in 2017 and beyond — consider whether using part of the monitoring TAC
for herring to fund the acoustic part of the survey best use of this resource.
Need to reduce uncertainty of estimate through better survey design and strata
delineation. The estimates in 2016 relied heavily on herring aggregations from a
few areas, resulting in a high cv (~0.37)
Design — stock not contained inshore in 2016,
¢ Survey timing
* Dbetter if schools more widely distributed, before inshore aggregating be-
haviour is apparent, or a design that deals with the inshore behaviour dur-
ing this time
* Net/vessel — smaller net needed to fish in shallow areas if this behaviour is
evident in future
* Inshore design/smaller vessel perhaps more appropriate
Using samples from fishery useful, but not ideal — more trawl samples containing
herring is needed during the survey
Need to develop protocols surrounding mini-surveys, particularly when large
aggregations or hyper aggregating behaviour is observed (i.e. in areas like Lough
Swilly)

Stock identity

The morphometric and genetic data collected in 2016 will be analysed in 2017 and where
possible be contributed to a special ICES expert workshop on stock identity methods
being held in 2017 (ICES WKSIDAC, 20-24 Nov).

Additional samples will be collected in 2017, focussing on actively spawning herring.
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4.3

Age composition of the commercial catch

Commercial catch data from the monitoring fishery was used by ICES in the update
stock assessment for the combined 6a/7bc stock (ICES 2017b), and in developing the ad-
vice for 2018 which will be published on 30 June 2017.

The data for the 6aN and 6aS, 7bc stocks are also being kept separately in anticipation of
the time when it will be possible to undertake an assessment for each stock separately.
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7 Appendices

7.1

Appendix 1. 38kHz and 120kHz calibration results for Atlantic Challenge 29/11/2016

Calibration Version
Date: 29.Nov.28lb
Comments:

38kHz morning 29/1

Reference Target:
T3
TS Deviation
Transducer: ES38B
Frequency
Gain
Athw. Angle Sens.
Athw. Beam Angle
Athw. Offset Angle
saCorrection

Transcelver:
Pulse Duratiaon
Power

Sounder Type:
EKe@ Version 2.2.
TS Detection:
Min. Value
Max. Beam Comp.
Max. Phase Dev.

Environment:
Absorption Coeff.

Beam Model results:
Transducer Gain
Athw. Beam Angle
Athw. Offset Angle

Data deviation from

RMS = @.25 dB
Max = 2.21 dB
Min = -1.58 dB

Data deviation from

RMS = @.23 de
Max = 2.12 dB
Min = -1.52 dB
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2.1.8.12

1/2016

-42.48 dB

5.8 dB

serial No. 38
38886 Hz
25.54 dB
21.96
6.96 deg
8.16 deg
-8.67 dB

1.824 ms
2086 W

1

9.3 dB/km

25.69 dB
5.95 deg
@8.11 deg

beam model:

Na. =
Na .

polynomial model:

Na. =
Na.

12 Athw.
237 Athw.

12 Athw.
237  Athw.

Distance
Distance

Min.
Max.

Beamtype

Two Way Beam Angle
Along. Angle Sens.
Along. Beam Angle

8.88 m
12.88 m

Split
-28.6 dB
21.98
6.89 deg

Along. Offset Angle -8.89 deg

Depth

GPT 38 kHz @@9872816d9f 1-1 ES3SB

Sample Interval
Receiver Bandwidth

Min.
|""|ir'l .
Max.

Spacing
Echolength
Echolength

Sound Velocity

SaCorrection
Along. Beam Angle
Along. Offset Angle

Along
Along

1
® ha
e
o oo
o g

Along
Along

=] =

3.e8 m

@.191 m

2.43 kHz

lee ¥
g0 %
188 %

1491.8 m/fs

-8.67 dB
6.95 deg
-8.82 deg

1.5 deg
-1.5 deg

1.5 deg
-1.5 deg



Calibration Version 2.1.8.12
Date: 29.Nov.28lb

Comments:
128kHz_ 28161129

Reference Target:
TS -39.48 dB Min. Distance 3.8 m
TS Deviation 5.8 dB Max. Distance 12.88 m

Transducer: ES128-7 5Serial No. 128

Frequency 126688 Hz Beamtype Split
Gain 25.78 dB Two Way Beam Angle  -28.8 dB
Athw. Angle Sens. 21.e8 Along. Angle Sens. 21.88
Athw. Beam Angle 7.18 deg Along. Beam Angle 7.18 deg
Athw. Offset Angle 8.808 deg Along. Offset Angle ©.88 deg
SaCorrection @.ee db Depth 3.88 m

Transceiver: GPT 128 kHz 9898728346536 2-1 ES128-7
Pulse Duraticn 1.824 ms Sample Interval 8.191 m
Power Ses W Receiver Bandwidth  3.83 kHz

Sounder Type:
EKe® Version 2.2.1

TS Detection:

Min. Value -5@8.8 dB Min. Spacing lee ¥

Max. Beam Comp. 6.8 dB Min. Echolength 88 %

Max. Phase Dev. 8.2 Max. Echolength 188 %
Environment:

Absorption Coeff. 35.9 dB/km Sound Velocity 1491.8 m/fs
Beam Model results:

Transducer Gain = 26.63 dB SaCorrection = -8.31 dB

Athw. Beam Angle = 7.18 deg Along. Beam Angle = 7.23 deg

Athw. Offset Angle = B8.13 deg Along. Offset Angle= 8.86 deg
Data deviation from beam model:

RMS = @.28 db

Max = 1.22 dB No. = 98 Athw. = -1.5 deg A&long = 1.5 deg

Min = -3.84 dB No. = 276 Athw. = -3.6 deg Along = 3.5 deg
Data deviation from polynomial model:

RMS = @.24 dB

Max = 1.88 dB MNo. = 98 Athw. = -1.5 deg Along = 1.5 deg

Min = -2.59 dB No. = 276 Athw. = -3.6 deg Along = 3.5 deg

Appendix 2. Example vessel survey manual (Quantus) (available on request)
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