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Executive summary

2017 was the second industry-led acoustic survey of herring in 6a/7bc. Industry and
scientific institutions from Scotland, Netherlands, Ireland, 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 5 800 t (4 170 t in 6aN
and 1 630 t in 6aS, 7bc) (EU 2017/127), the scientific survey was designed based on ICES
advice, and experience from 2016 on the timing, location and number of samples
required to collect assessment-relevant data from the monitoring fishery (ICES 2016a).

Four industry vessels were used for acoustic surveys in 6aN and one in 6aS,7b. All
vessels 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
6aS,7b samples were collected by numerous inshore vessels.

Herring found in 6aN were aggregated mainly in one area, (different from the previous
year) so biological samples were spatially limited. Sprat were found distributed
throughout the area in surface schools and close attention was given to distinguishing
these from herring schools. Total biomass estimates of herring recorded during the
survey in 6aN was 20 100 t.

In 6aS,7b herring were distributed similar to 2016, being found close inshore with the
overall estimate of herring biomass being dominated by aggregations of herring in a few
discrete areas. Total biomass estimates of herring recorded during the survey in 6aS,7b
was 40 700 t. In 2017, the acoustic survey in 6aS,7b also looked at horse mackerel. This
species inhabits a large geographical range (outside the area of the survey) therefore the
index is only useful as a subset of the larger stock, albeit an important area for the horse
mackerel fishery during this time of the year. Horse mackerel were distributed mainly
in an area to the north west of Tory Island, Co. Donegal. Total estimate horse mackerel
biomass was 68 079 t.

Biological samples taken during the survey and from subsequent commercial catches
were used to construct catch-at-age input data used in ICES 2018 stock assessment
(HAWG 13-20" March 2018). Acoustic survey data on the biomass of the spawning
components were reviewed by ICES International Pelagic Surveys working group (ICES
2018a) and found to be reliable to be considered as data points in possible future time
series. Morphometric and genetic data collected from spawning fish will provide new
baseline data required to assess separately the stocks in 6aN and 6aS, 7bc. Results to
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date from the genetic testing of using samples taken in 2016 of western herring conclude
that the 6aN and 6aS/7bc herring stocks represent at least two genetically distinct
populations, and this result appears to be stable over time. This information will be
considered in a future benchmark assessment.

Following ICES advice on the need for a stock recovery plan for herring in 6a,7bc (ICES
2016a,b, 2017a), the Pelagic Advisory Council submitted a proposed plan to the
European commission on 2 March 2018. This second version takes into account the
advice given by ICES on a previous version (ICES 2017b), with the advice rule being
fully consistent with the ICES MSY approach advice rule and more precautionary than it
for a range of stock sizes below BMSYtrigger. Despite the work undertaken by ICES
HAWG to evaluate the plan, ICES ACOM decided that the basis for advising the
commission on its special request to evaluate the plan was insufficient. Next steps will
be developed as more information on what is expected comes forth.

With provision made for 5 800 t monitoring fishery in 2018 (EU 2018/120), plans are
underway for a third survey in 2018, taking into account the recommendations of ICES
WGIPS (ICES 2018a).
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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 2015 autumn 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 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 5 800 tonnes (4 170 t in 6aN and 1 630 t in 6aS, 7bc)
were the enablers for the industry-led survey to take place. EU Council regulation (EU
2017/127) made the same provision, enabling the second 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,7bc, and submit relevant data to ICES to assist in assessing the herring stocks and
contribute to establishing a rebuilding plan.
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1.3

Objectives

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

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

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

Rationale for continued monitoring: Use the results of the surveys as evidence
for consideration of a scientific monitoring fishery in 2018, and design of future
surveys.

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

2.1 Research plan

The overall research plan involves the planning, implementation and analysis &
reporting stages outlined in Figure 2.1.
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Figure 2.1. Overview of the planning, implementation and analysis stages in the
Western herring surveys.
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2.1.1 Specific survey objectives

Specific objectives for the field surveys followed objectives 1-3, described in section 1.3.
Each of the 7 vessels involved were assigned specific objectives and provided with a
vessel-specific survey manual describing the aims, methods and protocols (example in
available on request). 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 2016a) together with the
experience from 2016, a review of spawning areas and timing (Mackinson 2017) and
discussions with fishing skippers (21 June 2017), four 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 2016) and records of
commercial 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 North Sea herring, where a large proportion of catches has been
taken in recent years (ICES 2015a). Systematic acoustic surveys (see section 2.2) were
conducted only in areas 2-4 in 6aN, but ad-hoc acoustic data was collected from all
vessels.

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 Geffen et al. (2011).
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Figure 2.4. Distribution of commercial catches reported in 6aN in 2011.
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Figure 2.5. Planned acoustic survey area and transects for 6aS/7b, in 2017. The survey
was conducted in Irish and UK waters, approximately up to the 56.75°N line in the north
and 7°W line in the east. To the west, the survey was bounded approximately by the
200m depth contour. The total transect length was 1740nmi (start 55°24N and 7.2°W,
progress west) with 7.5nmi separation between transects and 3.5nmi in Donegal Bay.
An additional zig-zag survey track was completed in Lough Swilly, using the deepest
part of the channel as the centreline for the strata area. 250m 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/7b,c (from O’Sullivan, 2013).

Table 2.1. Spawning areas, spawning grounds and spawning beds in 6aS,7bc. Area
(km?) and depth (m) refer to individual spawning beds (from O’Sullivan, 2013).

Page 15 of 89



. . . Area .
Spawning Area | Spawning Ground Spawning Bed D;_E:'I:h (Sq Km) Activity
nishurahull 45 121.58 Movember
Malin Head Malin Head Morth 20 3906 Movember
Limeburner 10 3338 Movemnber
Morth Donegal | | imeburner The Bananas 58 169.17 Mowv and Feb
Tary Malin Head Morthwest T0-50 47.42 Fow and Feb
The Blowers 30 196 OotMov
The Blowers Smags 0 0.9 MowDec
Aran Mor | 43 3235 OotMov
Aran Mor The Cuarry F0-80 11.84 October
West Donegal Rosbeg | Rosbeg 1.1 32-16 0lz OotMov
Rosbeg 2 Rosbeg 2.1 43 44 06 Crotober
Glen Bay 32-16 2417 Mov/Dec
Malinmicre Head | 18 631 Mowvernber
Glen Head Malinmore Head 2 20 |59 Jan/Feh
Killybeags Killybegs | 20 1.0l Ciacflan
Lennadoon | 3242 10192 JaniFeb
Lennadoon Eillala Bay 25 3.05 Januszry
Donegal Bay Diownpatrick West 12 1366 Movember
Drownipatrick DGWHPEMEMCEME 3445 705 Ciaclan
Fields
The Stags The Stags | 16 0.g% Mowvernber
Blackrock Blackrock | L T.74 OotMov
The Bills 16 2983 Movernber
Clare Island | E ¥4 o7 OctMov
Mayo Clare Island 2 £l 1.58 OcuMov
Chre Island South Clare Island | 45 171 Diecember
South Clare Island 2 ~4i}-45 201 Mow/Dec
Ledcky Rock Dravillaun/Lecky Rock 0 163 Sept'iDot
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2.1.3 Timing, vessels and areas for each of the survey vessels (Table 2). Vessels undertaking acoustic work in shaded

rows.
Table 2.2a. Deployment in 6aN. Vessels undertaking acoustic survey work highlighted in bold.
Timing and area coverage ool %) ool ¥ ol | wof 2 2| | | w ol 2| 8l 2| & 2 ol 2| 3l 2
R R A EI I I R R I M PR B R AR B
| — 1 ISe) | < < h 0 1 o h n (%) | <t f Ce) | n (%] | — f
ol NN | le NNl @] | ‘\" MNMlo|lwn|lol ™ | OI\ O| A N
NCN_CNLDNNCN_OM\—!OOCO_OOOOOHC\—!
o o o
S|e|3|22|l<=|B|5|25]22|=lwl53S|22=|R5 2S5
a2 2|2 FE|lc|d|la| 2| R[S Fla|d|lalZ2| A2 F|ac|dla]|2F
Area 1
Dirk Dirk (Catch sampling)
Antares (Biol / Gen / Morphometrics)
v
Area 2
Sunbeam (Acoustics)
Dirk Dirk (Biol / Gen / Morphometrics) C
Wirons (Acoustics) C
Antares (Biol / Gen / Morphometrics)
v
Area 3
Sunbeam (Acoustics) F F F F F F
Lunar Bow (Acoustics) C F
Dirk Dirk (Biol / Gen / Morphometrics) F Different
colour for
;Antares (Biol / Gen / Morphometrics) F cach vessel
Area 4
Total period
Sunbeam (Acoustics) C of coverage
Dirk Dirk (Biol / Gen / Morphometrics) C F= Fishing
Antares (Biol / Gen / Morphometrics) C=Calibration
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Table 2.2b. Deployment in 6aS,7b

Area

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

Earliest End

survey  date

date

18-Nov 27
Nov

Calibration @ Acoustic

date

18-Nov

Survey
distance
(nm), one
coverage

1500 nmi
approx.

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

Flag

IRL

Homeport

Skibbereen
/Killybegs

Vessel#

5238 and
D437

Role

Acoustic and
catch
sampling

Skipper

Eric
Murphy
(Eilean
Croine)
and
Donal
O'Neill
(Sparklin
g Star)
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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
herring within the boundaries of the survey areas.

Acoustic surveys were conducted in Area 2-4 (6aN) and Area 5&6 (6aS,7b), each
designed on regularly spaced parallel transects (Figure 2.2 & 2.5). Transect direction was
assigned perpendicular to the narrowest dimension of the survey area to maximise
precision of the estimation by having many short transects rather than a few long ones.
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
following the natural line of fish density, which would have led to a biased estimate.

Sufficient time was factored in to the planning to provide 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 (e.g. Area 3 shortening westward transects but
extending them east to get coverage over key areas where herring were found). 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 of the echosounders deployed on each of the vessels. Echomaster Marine
successfully performed the calibration of Lunar Bow, stern on to the breakwater in
Peterhead at the slack of a high tide (22m under transducer) in calm conditions (Figure
2.7).
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Figure 2.7. Location of calibration of the Simrad EK80 on Lunar Bow at Peterhead
Harbour.

The towed body units deployed on Sunbeam and the Wirons were calibrated in Scapa
Flow by the onboard acoustic technicians from Marine Scotland and WMR. WMR staff
also undertook a successful calibration of the hull mounted transducer on Dirk Dirk in
Scapa Flow, immediately following the calibration of the Wirons.

Standard LOBE calibration (SIMRAD 2003) was carried out on the Eilean Croine on the
morning of 18/11/2017 in Lough Swilly, Co. Donegal, close to the pier at Rathmullan.
The successful calibration was made possible by good conditions in the deep water

(~20m slack high). There was minimal interference from biota in the water column
(Figure 2.8).
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Figure 2.8. Towed-body mounted 38kHz transducer (Eilean Croine S238) were
calibrated in Lough Swilly.

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 November and scale of coverage planned. Survey
speed was 8 - 10 knots, reducing as needed in the case of poor sea state. The FV Eilean
Croine was the designated “acoustic’ vessel, with two acousticians aboard, and the FV
Sparkling Star was the designated ‘biological’ vessel, with two biologists aboard to
conduct sampling.

To maximise data quality, FV Lunar Bow took on board ballast water to aid stability of
the vessel and minimise cavitation. The vessel proved to be a very stable platform in all
the conditions experienced and at no time was the quality of acoustic data
compromised. All other acoustic equipment was turned off to eliminate interference
with the EK80. Only during fishing operations were other acoustic instruments used. A
motion reference unit was installed to compensate for pitch and roll.

Raw acoustic data were recorded and stored on the PC and backed up each day on
portable hard disk drives 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 not herring.
(if) 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 a
typical commercial catch.
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Each surveying vessel was granted a derogation to discard fish that were not retained
for biological sampling and to retain any catches of herring, up to the maximum
specified quota taken either during or outside the survey period.

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

Transducer and

Frequency

Echo-
sounder

Power

Pulse duration

Ping interval

Environment

Calibration

Location/ date

Survey area changes

2 - East of Wiron 5 &

Cape 6 PH1100

Wrath (6), PH2200
)

3 - The Lunar Bow

Minch (PD 265)

4 — Outer Sunbeam

Hebrides  (FR487)

5 South Eilean

Donegal = Croine

& 6 West

Donegal/

Mayo
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Towed body, split
beam ES38B (38Khz).

Hull mounted split
beam ES38B (38Khz),
draft 5.1m
With
compensation.
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2.2.5 Biological sampling

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

2.2.5.1 Haul information

Haul data were recorded using the same template for all surveys, 1 sheet per haul.
Information was recorded on the date, time, fishing position, depth, gear, catch composition,
total weight of catch and weight of the sub sample taken for length frequency and biological
sampling. To aid in scrutinisation, screen dumps (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
herring were 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 was weighed (approx. 30kg, 200 herring). This
subsample was used determine lengths, weight, age and for genetic samples. (see
below). (Figure 2.11)
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Figure 2.10. Example screen shots of targeted marks (first panel) and those trawled on.
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Figure 2.11. [llustration 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 (next section).

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 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 classification in the Scottish and Irish sampling
(MSS manual 2011) or on the ICES 6 point scale (ICES 2011) for the Dutch-collected
samples. All maturity estimates were later converted to the ICES scale.

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

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

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 signals).

Assigning fish marks to species is a heuristic process that relies upon (i) evidence from the
targeted hauls made during the survey (Figure 2.10), (ii) prior experience of ‘experts’
(fishermen and acoustic scientists) based on their knowledge of what was caught when
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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, following
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 Figure
2.12):

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

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. A lot
of very dense discrete schools close to the surface were believed to be juvenile
sprat. Targeted hauls had low success rate due to fish going through the net and
difficulties in fishing close to the surface. Additional analysis of the acoustic
properties compared to herring-classified marks show a clear difference (Figure
2.13).

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

e Horse mackerel - a lot of horse mackerel marks were observed through 6aS,7b.
Marks were verified with numerous trawls.

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.
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For Lunar Bow, the backscatter threshold used in automated school detection was -60dB.
Every school was manually scrutinised thereafter to ensure that it was appropriately
delineated. This was particularly important for schools close to/ touching the bottom.
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Figure 2.12. Examples of acoustic marks and their identification.
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Figure 2.13. Comparison of acoustic properties of different school classes in 6aN Area 3.

2.2.6.2 Age disaggregated abundance estimation

The process for estimating abundance and biomass from the acoustic data is shown in Figure
2.14, with additional description given below.
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Figure 2.14. 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 sharing and
further development in cooperation with other institutes, and is now routinely used to derive
abundance estimates from WGIPS coordinated surveys. Documentation and user guides are
available from the website. Estimation of abundance from acoustic surveys with StoX is
carried out according to the stratified transect design model developed by Jolly and
Hampton (1990).

Following scrutinization of the echograms and export of the Nautical Area Scattering
Coefficient assigned to herring marks (PRC_NASC from Echoview software), the calculation
of age disaggregated abundance was as follows:
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. Define survey strata. In 6aN, each of the 3 areas surveyed and any fine-scale detailed
grid searches within them was assigned as a strata (Figure 16). In 6aS,7b 3 strata were
defined, (i) Lough Swilly, using zig-zag transects, where the boundaries of the strata
was delineated approximately 250m either side of the centre line of the deepest part of
the Lough Swilly channel in approximately 10 — 20m water depth. (ii) Donegal bay
using parallel transects with 3.5 nmi spacing including shallow inshore areas of
Bruckless Bay and Inver Bay, (iii) the rest of the northwest area of the survey, using
parallel transects 7.5nmi apart.

. Assigning herring length data from trawls to acoustic transects. For each transect
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 (e.g. Figure 2.15).

. Expected backscattering cross section of fish 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] for herring
TS =20log10(L) — 67.5 [at 38kHZz] for horse mackerel

and the mean acoustic backscattering cross section is:

Gsp=41.10T510)

. The average density of herring in each length class on a single transect was
calculated by dividing the Nautical Area Scattering Coefficient (NASC - the area
backscattering coefficient for a particular integration region in areal units (m?*nmi?),
within each Elementary Distance Sampling Unit (EDSU, here =Inmi or 0.5nmi) on
each transect by the length-specific ows (acoustic fish backscatter) assigned to the
transect, then averaging over the EDSUs.

. 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.
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6. The numbers and biomass per age & maturity class. Trawl data on the relationship
between length, age and maturity stage were used to partition the numbers at length
to estimates of numbers and biomass in each age class and maturity stage. The 9 point
maturity stage classification used in the Scottish and Irish sampling (MSS manual
2011) was converted to the ICES 6 point 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 information from trawl stations that
were assigned to the transect are randomly sampled and used as input to estimate fish
abundance in the stratum in that particular bootstrap iteration. Each bootstrap
iteration follows the same estimation procedures as used in StoX and described above
(using the combination of mean acoustic density per transect and associated biological
information, to estimate fish numbers at length in each stratum). This procedure was
not performed for the 6aN survey this year because of difficulties in getting stox
programme to work.

8. Choosing the best estimate from replicates. In the 6aN, 2 replicate acoustic surveys
were conducted for each stratum. The maximum biomass estimate of these was
chosen as the best estimate.

Acoustic data were recorded on hard-drives at sea and uploaded to network facilities back at
the laboratory. The acoustic metadata and cleaned 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 NASC values from
the surveys will be stored in the ICES WGIPS acoustic database.

|
B

Figure 2.15a. Acoustic survey in 6aN, Area 2 North mainland. Transects and strata used in
the analysis of the acoustic survey in area 2 conducted by Wiron (3" run, 5-6 September).
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). EDSU = 0.5nmi.
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Figure 2.15b. Acoustic survey in 6aN, Area 3 The Minch. Lunar Bow survey track run 2 (1-5
September). Hauls marked in yellow were allocated to all transects in strata B. The hauls in
blue were allocated to all transects in strata A. EDSU = Inmi.
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Figure 2.15c. Acoustic survey in 6aN, Area 4 Hebrides. Transects and strata used in the
analysis of the acoustic survey in area 4 conducted by Sunbeam (22-25 August). Hauls in
yellow were allocated to transects in strata A. The hauls in blue colour were allocated to all
transects within strata B and C. EDSU = Inmi.
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North west

Figure 2.15d. 6aS/7b industry acoustic survey in 2017: StoX strata delineated for the 3
scrutiny areas for herring (Lough Swilly, Northwest, and Donegal Bay). The Northwest strata
was also used in the horse mackerel abundance and biomass estimation. The 8 haul/sample
stations where herring were obtained for length frequency analysis are also shown. EDSU =
Inmi.

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

NINE POINT MATURITY
SCALE (MARINE SCOTLAND

MANUAL) EQUIVALENT ICES SCALE STAGE

1 Immature virgin 1 (Immature)

2 Immature 1 (Immature)

3 Early maturing 2 (Mature — but not included in spawning
category))
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2.3

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)

Stock identity separation

2.3.1 Sampling design, key requirements

Samples for stock discrimination between 6alN and 6aS,7bc included specific catch samples
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 identity
analysis, each spending time covering several of the survey areas over an extended 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 previously:
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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.

e Take out 120 herring that are in the best condition and put them in the cold water
buckets to keep them pristine for the photographic work (see next)

e 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 laboratory
from freshly caught spawning herring that were collected at port as soon as the vessel
returned. The at-sea procedure was as follows:

1. As soon as the catch is on 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 within the vessel, trip and
haul number (so that biological and genetic samples done later at the lab could be cross-
referenced to the individual photographs).

3. The fish were pinned out individually for photographing (Figure 2.16)

MEE AR RN RN ENNN)

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

Figure 2.16. Example of pinned out herring ready for photographing
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4. Once photographed, each herring was labelled 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.

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

2.3.3.1 Morphometric Analysis methods

Morphometric analysis involves taking detailed measurements at certain points on the fish
body or otolith (Figure 2.17). 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 2.17. Morphometric analysis measurements
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2.3.4 Genetic sampling protocols

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

Clean scissors were 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.

Tissue was placed into the sample tube with molecular grade ethanol and the lid

secured tightly.

Care was taken to ensure that the sample was not too big and was completely

surrounded by ethanol in the sample tube.

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 samples collected during the 6aN and 6aS/7bc industry surveys and

fisheries

Source Area Date Lat Lon Individual labels Spawning n
MSS NW Cape wrath  04/09/2017 58.62  -5.52 BL57-BL95 N 39
MSS NW Cape wrath  08/09/2017 58.65 -5.38 BJ77-BJ100, BL1-BL17 Y 41
MSS NW Cape wrath  08/09/2017 58.60 -5.48 BJ41-BJ76 Y 36
MSS NW Cape wrath  11/09/2017 58.68 -5.53 BJO1-BJ40 Y 40
MSS NW Cape wrath  11/09/2017 58.68 -5.57 BL96-BL100, AJ1-AJ29 Y/N 36
MSS NW Cape wrath  12/09/2017 58.63 -5.47 BL18-BL56 Y 39
MSS NW Cape wrath  06/09/2017 58.67 -5.30 AL1-AL28 Y 28
MSS NW Cape wrath  06/09/2017 58.67 -5.32 BA1-BA42 Y 42
MSS NW Cape wrath  06/09/2017 58.63 -5.33 AL29-AL50, BA43 Y 23
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2.4

MSS NW Cape wrath ~ 06/09/2017 58.63  -5.32 BC-BC17 Y 17
MSS NW Cape wrath  06/09/2017 58.63  -5.37 BT01-BT100, BM01-BM20 N 120
MSS Minch 08/09/2017 58.15 -6.17 BM21-BM100, BFO1-BF40 N 120
MSS NW Cape wrath  09/09/2017 58.63  -5.42 BF41-BF50, BN1-BN100, BD1-BD10 Y 120
MSS N Cape Wrath 29/08/2017 58.65 -4.43 AM1-AM81, BK1-BK12 N 93
MSS West of Hebrides  30/08/2017 58.14  -7.23 BK13-BK100, AK1-AK32 N 120
Ml Inver Bay 20/11/2017 54.62 -8.32 AT001-AT100 Y 100
Ml Bruckless Bay 29/11/2017 54.61 -8.42 AUO001-AU100 Y 100
Ml Lough Swilly 09/11/2017 55.20 -7.59 AV001-AV100 Y 100
Ml Lough Foyle 30/11/2017 55.15 -7.05 ARO001-AR100 Y 100

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 the Celtic Sea (n=300) by the MI and in the Irish Sea by the MI (n=100) and AFBI
(n=800). Total genomic DNA will be extracted following a high-throughput magnetic
bead based extraction protocol, developed during the baseline study, on an LGC
oKtopure robot.

Samples will be screened as part of the EU funded EASME herring project with a revised
panel of markers from the baseline study. The panel comprises both neutral and adaptive
microsatellites and also SNP markers which demonstrated a high level of divergence
between the putative 6aN and 6aS,7bc populations. Sample screening will be conducted
using a genotyping-by-sequencing approach described in Farrell et al. (2016) and data will be
added to the existing data to increase the temporal and spatial robustness of the baseline.

2.3.6 Data storage

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

Age composition of the commercial catch

ICES advice for a scientific monitory fishery (ICES 2016a) states that a specific sampling
programme is needed to ensure continuity of the time-series of fishery-dependent catch data
and to ensure that samples of the appropriate number and geographic/temporal distribution
are collected. It refers to the need to collect samples from the pre-spawning aggregations in
area 1, where a large proportion of catches has been taken in recent years, and based on
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“precision level 2” of the Data Collection Framework (DCF), it specifically 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 2.6).

Table 2.6. Catch sampling target based on equal area distribution and area weighting

Region Sampling area ICES Area Area weighted | Approx equal
rectangle (nm?) no. samples weighted no.
per survey samples per
area survey area
6a North Area 1(Pre- 47E5,48E5 1827 13 8
spawn)
6a North Area 2 (North) 803 6 7
6a North Area 3 (Minches) 799 6 7
6a North Area 4 (Hebrides) 735 5 7
6a South/ 7b,c | Area 5 (North 39E2, '39E1 2052 11 9
Donegal)
6a South/ 7b,c | Area 6 (West 38E1 1039 6 8
Donegal)

2.4.1 Age determination (otolith reading)

Standard procedures for age determination from the growth rings on the otoliths (ear bones)
of herring (ICES 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 survey database following established
procedures.
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3 Results

3.1 Sampling summary

3.1.1 Sampling statistics 6aN

The six vessels covered four different areas between 2017-08-15 and the 2017-09-13 (Figure
3.1), making a total of 84 hauls, of which 21 were taken in survey mode and 63 during
commercial fishing. It should be noted that a substantial number of commercial hauls were
taken in ICES division 4.a just prior to or after the survey (29 hauls).

Within area 6aN, herring were caught and sampled during 44 hauls, resulting in biological
information collected from a total of 2038 herring (Table 3.1). In addition 6 hauls of herring in
the adjacent North Sea were sampled and biological information was collected from 176
individual herring. Details on the sampling per trip are shown in Table 3.2 and for spawning
herring in Table 3.3. Details on the number of measurement per trip and haul are shown in
Table 3.4.

Most of the spawning herring were found in area 3, west of the mainland. Almost no herring
were observed in area 1 (pre-spawning mixing area). No spawning herring were found in the
Outer Hebrides in area 4(Figure 3.2).

Length distributions of herring were largely similar by survey area and by haul (Figure 3.3,
3.4).

Because many of the samples have been taken in survey area 3, it is possible to focus on the
time development in maturity of herring in that area. All maturity data were converted into a
common six point scale, in which stage 1 is immature, stage 2 is ripening, stage 3 is
spawning, stage 4 is spent and stage 5 is resting. Spawning started on September 1st and
there was still a large amount of spawning activity by the end of the survey on September
12th (Figure 3.5).

Maps of the survey tracks, relative acoustic density, and locations of hauls that were used to
determine biological parameters for the estimation of the biomass of herring in 6aN are
shown in Figure 3.6, Table 3.5.
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2017 haul positions of commercial (C) and survey (S) hauls
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Figure 3.1. Spatial distribution of commercial hauls (C) and survey hauls (S) in the 2017
herring survey

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

haultype datatype n_hauls n_fish n_haul with_ spawners n_spawning fish
C genetics 26 491 13 415

C morphometrics 2 120 1 117

C sampledhauls 65 1304 30 890

S genetics 7 453 3 23

S morphometrics 7 453 3 23

S sampledhauls 21 910 6 48
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Table 3.2. Overview of trip properties. "Type' refers to the type of activity (S=survey, C=commercial). The variables
starting with 'n' denote the number of fish measured for the specific variable.

vessel name trip type begin end nhaul nlen nwght nage nsex nmat nphoto ngen
FR487 Sunbeam SBO117 S 2017-08-22 2017-08-26 3 233 102 95 102 102 0 0
FR487 Sunbeam SB0217 C 2017-09-04 2017-09-05 2 293 66 66 66 66 0 39
FR487 Sunbeam SB0317 C 2017-09-07 2017-09-08 3 355 90 89 90 90 0 77
FR487 Sunbeam SB0417 © 2017-09-11 2017-09-12 3 349 113 108 113 113 0 113
KW172 Dirk Dirk DD0O717 C 2017-08-15 2017-08-19 9 1043 200 200 200 200 0 0
KW172 Dirk Dirk DD0817 © 2017-09-02 2017-09-13 31 2933 125 125 125 125 0 125
KW172 Dirk Dirk DD0817 S 2017-08-29 2017-08-31 4 424 230 227 230 230 213 213
LK419 Antares AT0917 S 2017-09-05 2017-09-08 4 1053 334 318 334 334 240 240
LK419 Antares AT1017 C 2017-09-09 2017-09-09 2 389 131 121 131 131 120 120
PD265 Lunar bow LBO117 © 2017-09-06 2017-09-06 4 574 250 182 250 250 0 110
PD265 Lunar bow LB0117 S 2017-08-28 2017-09-04 8 540 218 212 218 218 0 0
PH2200 Wiron 6 W61017 © 2017-08-30 2017-09-08 9 1453 328 329 329 329 0 0
PH2200 Wiron 6 W61017 S 2017-09-02 2017-09-06 2 5165 26 26 26 26 0 0

Table 3.3. Overview of the number of spawning herring and the measurements taken on these fish.

vessel name trip type nlen nwght nage nsex nphoto ngen
FR487 Sunbeam SB0217 C 32 32 32 32 0 15
FR487 Sunbeam SBO317 C 76 76 75 76 0 71
FR487 Sunbeam SB0417 © 85 85 81 85 0 85
KW172 Dirk Dirk DD0O717 C 7 7 7 7 0 0
KW172 Dirk Dirk DD0817 © 113 113 113 113 0 113
KW172 Dirk Dirk DD0817 S 1 1 1 1 1 1
LK419 Antares AT0917 S 22 22 22 22 22 22
LK419 Antares AT1017 C 127 127 119 127 117 117
PD265 Lunar bow LBO117 © 218 218 163 218 0 110
PD265 Lunar bow LB0117 S 2 2 2 2 0 0
PH2200 Wiron 6 W61l017 © 232 231 232 232 0 0
PH2200 Wiron 6 W61017 S 23 23 23 23 0 0
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Table 3.4. Overview of haul properties. Type' refers to the type of activity (S=survey,
C=commercial). The variables starting with 'n' denote the number of fish measured for the

specific variable.
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2017 haul positions with spawning herring, morphometrics and genetics
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Figure 3.2. Spatial distribution of hauls with number of spawning herring and number of
morphometric samples and genetic samples in the 2017 herring survey.
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Figure 3.3. Length frequencies of herring catches by survey area
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Figure 3.4. Relative length frequencies of herring by date and survey area.
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Figure 3.5. Proportion of maturity stage by date in survey area 3. Maturity stage 3 refers to

spawning herring.
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Figure 3.6. Age-length key by survey area.

Page 52 of 89



WIRON vessels - S (mzlmz) -pass no2

59.0°N

SPR
O 5000
O 10000
O 15000
o
(2]
©

HER
500

1500
3000
WIRONS
WIRONG

585 N

55w 50w 45w 40w 35w 30w 25 W

WIRON vessels - Sa (mzlmz) -pass no1 WIRON vessels - Sa (mzlmz) -pass no3
59.0°N 59.0°N
SPR SPR
O 5000 O 5000
O 10000 O 10000
O 15000 O 15000+
HER ﬁe { {618 HER
o 500 1 (E] ﬂs o 500
O 1500 g © 4 O 1500
585 N O 3000 58.5° N O 3000+
—— WIRONS —— WIRONS
WIRONG WIRONG

55’W  50°W  45W 40w 35W 30w 25 W 55W 50w 45w 40w 35w 30w 25W

Figure 3.6a. Area 2 East of Cape Wrath, relative acoustic density (NASC m?/mn?). 0.5nmi
EDSU. Surveyed by Wiron 5&6
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Figure 3.6b. Area 3 The Minch, relative acoustic density (NASC m?/mn?). Inmi EDSU.
Surveyed by Lunar Bow.
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Figure 3.6¢c. Area 4 Outer Hebrides (and passes of Area 3 and 2) relative acoustic density
(NASC m?/mn?). Inmi EDSU. Surveyed by Sunbeam.
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Table 3.5. Haul information and catch composition for hauls relevant to the analysis of the acoustic surveys in 6a North in
2017 (Only hauls catching over 29 herring and used in the analysis included in this table).

USED IN CATCH (KG)
VESSEL HAUL NoO. DATE TIME (UTC) POSITION ANAA;];{;IS Horse
Herring Sprat Mackerel Mackerel
Wiron 6 2 01/09/2017 20:20 58°38'N, 004°22'W 2 48 0 43 4
Wiron 6 9 06/09/2017 09:30 58°35'N, 004°16' W 2 1069 0 1931 0
Sunbeam 2 25/08/2017 08:11 58°33'N, 006°26'W 4 7.9 1 2 0
Lunar Bow 1 28/08/2017 15:30 58°15' N, 005°35' W 5 7 274 84
Lunar Bow 2 29/08/2017 09:15 58°23'N, 005°24'W 3 21 5 81 0
Lunar Bow 4 31/08/2017 14:25 58°40'N, 005°36'W 3 814 0 86 0
Lunar Bow 5 01/09/2017 09:40 58°46' N, 005°28' W 3 897 0 53 0
Lunar Bow 7 02/09/2017 12:10 58°18'N, 005°30'W 3 24 0 134 0
Lunar Bow 8 04/09/2017 11:25 58°36' N, 005°31'W 3 4958 0 42 0
Lunar Bow 9 06/09/2017 07:20 58°40' N, 005°18' W 3 160000 0 0 0
Lunar Bow 10 06/09/2017 10:20 58°40' N, 005°19'W 3 500000 O 0 0
Lunar Bow 11 06/09/2017 14:00 58°39'N, 005°17'W 3 90000 O 0 0
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Dirk Dirk 2 29/08/2017 16:40 58°39' N, 004°28' W 2 18 28 0
Dirk Dirk 3 30/08/2017 23:00 58°07' N, 007°15' W 4 6328 0 0
3.1.1.1 Total tally of commercial catches in relation to scientific TAC

The 2017 official catches of herring in 6aN total 4 201 t (Table 3.3), compared with the 4 170 t monitoring TAC.

Table 3.3. Herring in 6aN (Q1-4). Catch and sampling effort by nations participating in the monitoring fishery in 2017.
(from HAWG 2018b, Table 5.2.2). (SOP% = the proportion of the catch that has samples taken from it)

Country Quarter Sampled Official No. Hauls No. of No. No.aged SOP%
Catch (t)  Catch (t) samples  measured
Ireland Q1 9
Q3 1
Netherlands Q1 6
Q3 829 829 12 11 2137 452 92%
UK(England) Q3 806 806 8 8 1084 185 100%
UK(Scotland) Q1 1
Q3 2474 2474 14 13 1814 567 100%
Q4 75
Total 4201 34 32 5035 1204

In 6aS,7bc, ICES HAWG estimates of landings of 2 203 t in 2017 (Table 3.4).
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Table 3.4. Sampling intensity of catches in 2017. (from Table 5.1.7. HAWG 2018b)

Year Quarter Landings (t) No. Samples No. aged No. Measured Aged/1000 t
6.a.5 4 2203 32 1508 6683 685
Total 4 2203 32 1508 6683 685

3.1.1.2 Non retained catches from biological sampling

A discard derogation was granted to the vessels during the period of the scientific survey 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. A total of 25.6 t was discarded of which 20.4 t of herring.
(Table 3.5).

Table 3.5. Species by-catch and fate (discarded % in parenthesis when above 0).

Catch (t) Herring Horse Mackerel Norway Whiting Haddock Sprat
mackerel pout
Scotland 18.88 0.004 0.61 0.02 0.76 0.32 2.01
(100%) (100% (100%)  (100%)  (100%) (100%  (100%)
England 1.5 1.5
(100%) (100%)
Netherlands --
TOTAL 20.4 .004 2.1 .02 .76 32 2.0
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3.1.2 Sampling statistics 6aS,7bc

After calibration of the towed body mounted transducer at Rathmullan in Lough Swilly,
approximately 1,500nmi of transects were completed successfully. A total of four hauls
were completed, however, only three were landed on deck as the net was torn during
haul 2. 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, Bruckless Bay and Inver Bay as close spatially and temporally as possible
to the survey in these areas.

Maps of the survey tracks, relative acoustic density, and locations of hauls that were
used to determine biological parameters for the estimation of the biomass of herring in
6aS, 7b are shown in Figure 3.7-3.10, Table 3.6 & 3.7.

The location of survey hauls and samples from the fishery is shown in Figure 3.7. The
fishery in 6aS,7b began in mid-November and continued throughout the survey period.
Most of the fishing activity, particularly in November/early December was inshore in
shallow water.
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Figure 3.7. Distribution of biological samples obtained in 6aS/7b - all samples from the
survey and the monitoring fishery.
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Figure 3.8a. 6aS/7b industry acoustic survey in 2017: distribution of NASC allocated to
herring.
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Figure 3.8b. 6aS/7b industry acoustic survey in 2017: distribution of NASC allocated to
horse mackerel.

Table 3.6. Biological sampling summary statistics from survey hauls and samples from
the fishery in 6aS,7b in 2017.

Haul/Station

O b= W N =

Date

20/11/2017
21/11/2017
21/11/2017
24/11/2017
14/11/2017

Location Fish (measured/lengths) Ages/maturity/sex
Clupea Trachurus
Harengus trachurus
NW Tory Is. 259 50
NW Tory Is. n/a n/a n/a
NW Tory Is. 294 50
NW Tory Is. 232 50
Lough Swilly 338 338
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6 20/11/2017 Inver Bay 124 124
7 21/11/2017 Lough Swilly 211 211
8 04/12/2017 Inver Bay 165 165
9 01/12/2017 Lough Swilly 64 64
10 24/11/2017 Inver Bay 54 54
11 30/11/2017 Bruckless Bay 125 125
12 12/04/2017 Bruckless Bay 118 118
Haul 5 {Lough Swilly) Haul 6 :Invr:_ Bay) Haul 11 (Bruckless Bay)
2 - 2 4 1 2 4 Ik
= 2 A =
- - 3 ﬂL
o — o - (=
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Figure 3.9a. Length (cm) frequency distributions of herring in each haul in 6aS/7b.
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Figure 3.9b. Length (cm) frequency distributions of horse mackerel in each haul in
6aS/7b.
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Figure 3.10. 6aS,7b industry acoustic survey in 2017: weight at length and age at length
of herring.

Maturity at age for 6aS,7bc herring is shown in Table 7. 66% of 1-wr herring were
immature, and 6.7% of 2-wr herring were immature.

Table 3.7. Maturity at age for 6aS,7bc herring in 2017.

Age (winter rings) Immature Mature
1 66% 33%

2 6.7% 93.3%

3 1.3% 98.7%

4 0.4 99.6

5 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 3.8 to 3.12)

Table 3.8. 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 weight
('000s) t) (cm) (g)
1 3454 0% 0% 198 19.1 57.3
2 14252 98% 3% 1918 25.5 134.6
3 57465 99% 31% 9335 26.7 162.4
4 18576 97% 27% 3366 27.9 181.2
5 8360 100% 40% 1764 28.8 210.9
6 7806 98% 37% 1676 29.4 214.7
7 5307 99% 35% 1215 29.6 229.0
8 1895 100% 54% 447 30.1 235.6
9 593 100% 60% 126 29.0 211.8
10 225 100% 40% 60 31.2 266.7
Immature 4958 = = 425 21.5 85.7
Mature 112980 = = 19679 27.3 174.2
Spawning* 33063 - - 6149 27.8 186.0
TOTAL 117937 20104 27.1 170.5
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Table 3.9a. Overall length and age distribution for Area 2 East of Cape Wrath.

age
LenGrp 2 3 4 5 6 7 8 9 10 Number Biomass Mean W
(1E3) (1E3kg) (8)
23.0-23.5 | 12 - - - - - - - - 12 1.3 103.00
23.5-24.0 | - - - - - - - - - - - -
24.0-24.5 | 12 = = = = = = = = 12 1.3 105.00
24.5-25.0 | 19 - - - - - - - - 19 2.3 124.33
25.0-25.5 | 14 14 7 - - - - - - 34 4.6 132.20
25.5-26.0 | 14 516 - - - - - - - 530 67.5 127.44
26.0-26.5 | 6 2007 502 - - - - - - 2515 369.5 146.92
26.5-27.0 | 2 2043 6 = 2 = = = = 2048 313.6 153.09
27.0-27.5 | = 1065 16 5 = = = = = 1086 179.2 165.03
27.5-28.0 | - 1045 9 4 - - - - - 1058 181.2 171.20
28.0-28.5 | - 1014 514 14 5 - - - - 1547 277.1 179.12
28.5-29.0 | - 995 4 18 9 - - - - 1026 196.7 191.72
29.0-29.5 | - 4 495 512 512 8 4 - - 1535 299.8 195.31
29.5-30.0 | = = = 500 4 18 4 = 4 531 115.3 217:16
30.0-30.5 | - - - - 502 - 6 6 - 514 114.2 222.06
30.5-31.0 | - - - - - 10 506 5 - 521 125.0 240.01
31.0-31.5 | - - - 3 - - 3 - - 7 1.7 254.00
31.5-32.0 | z = = = 3 = 2 = z 3 0.9 274.00
32.0-32.5 | = = = = 495 = = = = 495 144.2 291.00
TSN(1000) | 77 8703 1553 1056 1530 36 524 11 4 13495 - -
TSB(1000 kg) | 9.1 1410.1 267.8 218.7 352.6 79 125.6 255 1.0 - 2395.4 -
Mean length (cm) | 24.57 26.91 27.64 29.20 30.30 29.67 30.48 30.22 29.50 - - -
Mean weight (g) | 118.13 162.02 172.42 207.09 230.49 218.88 239.80 221.84 230.00 - - 177.50

Table 3.9b. Biological composition of herring in Area 2 East of Cape Wrath from the

acoustic survey. *Is a subset of the mature herring.

Age Abundance ('000s) Mature Spawning Biomass Mean length Mean weight
) (cm) (g)
1 0 - - 0 - -
2 77 100% 34% 9 24.6 118
3 8703 100% 86% 1410 26.9 162
4 1553 100% 96% 268 27.6 172
5 1056 100% 47% 219 29.2 207
6 1530 100% 98% 353 30.3 230
7 36 100% 25% 8 29.7 219
8 524 100% 95% 126 30.5 240
9 11 100% 55% 3 30.2 222
10 4 100% 0% 1 29.5 230
Immature 0 = = 0 = -
Mature 13495 - - 2395 27.7 178
Spawning* 11510 = = 2042 27.7 177
TOTAL 13495 100% 85% 2395 27.7 178
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Figure 3.10a. Overall length and age distribution for Area 3 The Minch. Fish in the
unknown age category were assumed to be in the age 10 category given the length and
given this is the oldest age seen otherwise.

age
LenGrp 1 2 3 4 5 6 7 8 9 10 Unknown Number Biomass Mean W
(1E3) (1E3kg) (8)
18.0-18.5 | 864 ~ - - - - - - - - - 864 38.9  45.00
18.5-19.0 | - - - - - - - - - - - - - -
19.0-19.5 | 864 - - - - - - - - - - 864  47.5 55.00
19.5-20.0 | 864 - - - - - - - - - - 864 51.8 60.00
20.0-20.5 | 864 - - - - - - - - - - 864 59.6  69.00
20.5-21.0 | - - - - - - - - - - - - - -
21.0-21.5 | - - - - - - - - - - - - - -
21.5-22.0 | - - = = - - - - = - - - - -
22.0-22.5 | - - - - - - - - - - - - - -
22.5-23.0 | - = = = = - - = = = = - - =
23.0-23.5 | - 50 - - - - - - - - - 50 5.2 103.00
23.5-24.0 | - 89 - - - - - - - - - 89 10.4 117.00
24.0-24.5 | - 92 137 - - - - - - - - 229 28.2 123.20
24.5-25.0 | - 999 270 - - - - - - - - 1269 154.3 121.57
25.0-25.5 | - 1661 2926 - - - - - - - - 4587  572.7 124.85
25.5-26.0 | - 4736 2328 132 - - - - - - - 7196 989.5 137.51
26.0-26.5 | - 4895 6594 - - - - - - - - 11489 1711.6 148.98
26.5-27.0 | - 522 10392 261 - - - - - - - 11175 1739.5 155.66
27.0-27.5 | - - 9589 2282 - - - - - - - 11871 2000.6 168.53
27.5-28.0 | - a4 6360 3574 221 - - - - - - 10200 1778.4 174.36
28.0-28.5 | - - 2825 2201 1293 535 - - - - - 6854 1284.5 187.40
28.5-29.0 | - - 437 3849 393 306 306 219 219 - - 5729 1112.1 194.12
29.0-29.5 | - - 838 1555 2393 529 794 - - - - 6109 1265.8 207.20
29.5-30.0 | - - 218 262 393 524 1004 87 87 - - 2576  555.8 215.73
30.0-30.5 | - - 89 224 268 537 716 - 89 45 - 1969 444.4 225.70
30.5-31.0 | - - - - 134 45 672 90 - 45 - 986  235.5 238.82
31.0-31.5 | - - - - 137 91 137 137 - 46 - 549  139.8 254.83
31.5-32.0 | = = = = = 43 = 216 43 = = 303 76.9 254.00
32.0-32.5 | - - - - - 86 - 43 - 43 - 172 48.0 279.50
32.5-33.0 | = 5 s = = = 87 5 s = = 87 24.8 285.00
33.0-33.5 | - - - - - - - - - - 43 43 11.6 268.00
TSN(1000) | 3454 13087 43005 14340 5233 2696 3717 792 439 178 43 86986 - -
TSB(1000 kg) | 197.8 1762.5 6956.8 2589.3 1124.3 572.5 847.1 186.2 91.9 47.4 11.6 - 14387.3 -
Mean length (cm) | 19.13  25.56 26.70 27.97 28.83 29.27 29.71 30.28 29.30 30.86 33.00 - - -
Mean weight (g) | 57.25 134.68 161.77 180.56 214.83 212.30 227.91 235.15 209.52 266.00 268.00 - - 165.40

Table 3.10b. Biological composition of herring in Area 3 The Minch, from the acoustic
survey. *Is a subset of the mature herring.

Age Abundance ('000s) Mature Spawning Biomass Mean length Mean weight
(t) (cm) (g)

1 3454 0% 0% 198 19.1 57.3
2 13087 98% 3% 1763 25.6 134.7
3 43005 99% 24% 6957 26.7 161.8
4 14340 96% 24% 2589 28.0 180.6
5 5233 100% 54% 1124 28.8 214.8
6 2696 93% 52% 573 29.3 212.3
7 3717 99% 49% 847 29.7 227.9
8 792 100% 67% 186 30.3 235.2
9 439 100% 80% 92 29.3 209.5
10 221 100% 40% 59 31.3 266.4
Immature 4958 424.7 21.5 85.7
Mature 82029 13963 27.1 170.2
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Spawning* 21324 4072 27.8 191.0

TOTAL 86986 94% 25% 14387 26.8 165.4

Figure 3.11a. Length and age distribution for Area 4 Hebrides.

age
LenGrp 2 3 4 5 6 7 8 9 Number Biomass Mean W

(1E3) (1E3kg) (8)
23.5-24.0 | 152 - 76 - - - - - 229 31.3 137.00
24.0-24.5 | 76 152 - - - - - - 229 29.7 130.00
24.5-25.0 | 229 457 - - - - - - 686 94.5 137.78
25.0-25.5 | 269 113 - - - - - - 381 53:9: 139:45
25.5-26.0 | 219 838 - - - - - - 1058 162.9 154.07
26.0-26.5 | 143 753 - - - - - - 896 144.3 161.06
26.5-27.0 | - 1134 76 - - - - - 1210 213.4 176.39
27.0-27.5 | - 811 591 - 76 - - - 1478 254.7 172.32
27.5-28.0 | - 1051 528 37 143 - - - 2459 462.9 188.23
28.0-28.5 | - 152 829 305 286 76 - 143 1792 354.9 198.07
28.5-29.0 | - 219 439 372 658 76 76 - 1841  358.7 194.87
29.0-29.5 | - 76 143 296 680 667 131 - 1993 420.5 211.01
29.5-30.0 | - - - 286 792 76 76 - 1231 277.9 225.75
30.0-30.5 | - - - 76 868 439 152 - 1536  349.9 227.85
30.5-31.0 | - - - - - 143 143 - 286 73.9 258.00
31.0-31.5 [ - - - - - 76 - - 76 18.6 244.00
31.5-32.0 | - - - - 76 - - - 76 19.6 257.00
TSN(1000) | 1088 5757 2683 2071 3580 1554 579 143 17456 - -
TSB(1000 kg) | 146.1 968.1 509.0 420.5 751.2 360.1 134.7 23 - 3320.9 -
Mean length (cm) | 24.85 26.44 27.65 28.34 29.13 29.47 29.63 28.00 - - -
Mean weight (g) | 134.22 168.16 189.73 202.99 209.82 231.69 232.83 218.00 - - 190.25

Table 3.11b. Biological composition of herring in Area 4 Hebrides, from the acoustic
survey. *Is a subset of the mature herring.

Age Abundance ('000s) Mature  Spawning Biomass Meanlength Mean weight
® (cm) (g)

1 0 - - 0 - -
2 1088 100% 0% 146 24.9 134.2
3 5757 100% 3% 968 26.4 168.2
4 2683 100% 3% 509 27.7 189.7
5 2071 100% 0% 421 28.3 203.0
6 3580 100% 0% 751 29.1 209.8
7 1554 100% 0% 360 29.5 231.7
8 579 100% 0% 135 29.6 232.8
9 143 100% 0% 31 28.0 218.0
10 0 - - 0 - -
Immature 0 0 = =
Mature 17456 3321 27.7 190.3
Spawning* 229 36 26.8 155.7
TOTAL 17456 100% 1% 3321 27.7 190.3
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The results of the uncertainty estimates (CV) for 6aN are not available for 2017 survey
due to difficulties with analyses the Stox software.

3.2.2 6aS,7b herring (Table 3.13 to 3.17)

The estimated total stock biomass (TSB), number at age, numbers at length class and
mean weight of herring found in each of the survey areas is shown in Tables 3.13 - 3.17.
The transects in Lough Swilly were executed in a zig-zag pattern due to the shallow
nature of the habitat, therefore for estimation purposes, Lough Swilly was treated as a
separate strata within StoX. There were two other stratum; NW (parallel transects, 7.5
nmi. spacing) and Donegal Bay (parallel transects with 3.5nmi. spacing). The combined
estimated numbers at age and biomass at age over the entire survey area is also shown
in Table 9. The TSB estimate for the combined 6aS/7b area was 40,646 tonnes (Lough
Swilly = 12,098 tonnes, Donegal Bay = 23,157 tonnes, and the remaining NW area = 5,391
tonnes).

Table 3.13. 6aS,7b industry acoustic survey in 2017: age-disaggregated estimate of
mature herring in total survey area. The total estimated TSB for the entire survey
area = 40,646 tonnes.

Variable: Abundance
EstlLayer: 1

Stratum: TOTAL

SpecCat: Clupea herangus

age
LenGrp 1 2 3 4 5 b 7 8 ] 18 MNumber Biomass Mean W
(1E3) (1E3kg) (g)
28.8-28.5 | 168 - - - 168 1@.2 6l.ee
28.5-21.@ | - - - - - - - -
21.8-21.5 | - - - 281 - - 281 16.8 57.88
21.5-22.@ | 178 178 - - - - 341 24.5 72.08
22.8-22.5 | - 1944 561 - - - 2585 281.7 58.58
22.5-23.8@ | 243 5435 - 2439 - - 6933 597.4 86.16
23.8-23.5 | 8581 1879 - - - =tte] 893.3 92.47
23.5-24.8 | 18763 31a1 - - - 13864 1363.3 98.34
24 .8-24.5 | 8886 9581 - - - - 18387 1988.7 187.72
24,5-25.8@ | 5756 14141 835 - 38z - 21833 2415.7 114.85
25.8-25.5 | 742 17838 4182 778 - - 22738 826.2 124.29
25.5-26.8 | 1258 15868 5526 559 - - 22482 2988.5 133.85
26.8-26.5 | 186 12318 8478 929 B67 - - 22578 3162.5 148.12
26.5-27.8 | 295 9458 18998 481 852 481 295 22851 3298.4 144.04
27.8-27.5 | 53@5 12185 2677 1821 295 187 22458 3471.3 154.62
27.5-28.8 | 2511 B76BE 2482 6598 39886 - - 22355 3589.8 168.55
28.8-28.5 | 662 3682 1882 lea3e 3677 as7 295 21711 378e.e 178.42
28.5-29.8 | - BB7 3444 8255 5858 3322 481 22828 3921.3 178.88
29.8-29.5 | - 295 479 3285 7875 3987 3575 479 19896 358@.8 183.32
29.5-38.8 | 249 - - 748 2572 1496 3485 497 9844 1733.7 191.69
3@.8-38.5 | - - 569 1549 1344 - 387 3858 759.8 197.14
38.5-31.@ | - - 492 246 - 738 147.5 186.e8
31.8-31.5 | 281 - 281 61.3 218.88
TSN(1e88) | 587 45184 911&9 54292 17821 39439 21321 139338 1998 387 285278 -
TSE(1888 kg) | 43.1 4498.8 11796.8 7934.1 2882.8 6779.5 3764.3 26@8.9 368.1 74.8 - 48646.5
Mean length (cm) | 21.58 23.58 25.32 26.51 27.78 25.19 28.43 29.85 29.84 38.ee - - -
Mean weight (g) | 73.39 99,39 129.48 145.14 164.67 171.9@ 176.55 186.58 186.21 191.88 142.48

Page 68 of 89



Table 3.14. 6aS,7b industry acoustic survey in 2017: age-disaggregated estimate of
mature herring in survey Lough Swilly area. The estimated TSB for the Lough Swilly
strata = 12,098 t.

Variable: Abundance
EstLayer: 1

Stratum: Swilly

SpecCat: Clupea herangus

age
LenGrp 1 2 3 4 5 B 7 8 9 Number Biomass Mean W
(1E3) (1E3kg) (g)
28.8-28.5 | 138 - - - - - - - - 138 8.4 6l.28
28.5-21.8@ | - - - - - - - - - - - -
21.8-21.5 | - - - - - - - - - - - -
21.5-22.8 | 1l4a 148 - - - - - - - 288 28.2 72.88
22.8-22.5 | - 432 - - - - - - - 432 31.1 72.88
22,5-23.8 | - 1821 - - - - - - - 1821 155.8 85.14
23.8-23.5 | - 2456 682 - - - - - - 3139 291.5 92.87
23.5-24.8 | - 2425 943 - - - - - - 3368 325.9 96.76
24.8-24.5 | - 1937 4358 - - - - - - 6295 678.4 1@7.77
24.5-25.8 | - 1747 4659 437 - - - - - 6843 769.1 112.38
25.8-25.5 | - 613 5855 1991 153 - - - - 7812 941.5 128,53
25.5-26.8@ | - 388 4152 2615 461 - - - - 7536 979.8 138.82
26.8-26.5 | - 153 3837 2689 767 287 - - - 7674 1846.1 136,32
26.5-27.8 | - - 2456 4451 153 468 153 - - 7674 1861.1 1385.28
27.8-27.5 - - 1781 3711 1237 773 - 155 - 7576 1143.3 158,92
27.5-28.8 - - 612 2987 765 26081 612 - - 7497 1161.2 154.88
28.8-28.5 - - 383 686 757 3181 1818 383 - 6968 1161.2 166.65
28.5-29.8 - - - a7 1383 2919 2151 387 154 7221 1237.2 171.32
29.8-29.5 - - - 153 459 1223 1835 765 153 4587 811.5 176.98
29,5-38.8 | - - - - - 238 428 428 - 1121 216.7 193,25
38.8-38.5 | - - - - - 142 - 142 - 285 58.9 287.88@
TSN(1888) | 278 12832 28758 19786 6136 11888 6998 2892 387 88267 - -
TSB(1888 kg) 18.6 1174.3 3615.9 2788.6 946.2 1944.5 1188.8 373.4 55.8 - 12898.1 -
Mean length (cm) 208.76 23,55 25.21 26.44 27.37 25.98 28.43 25.80 28.75 - - -
Mean weight (g) 67.85 97.68 125.74 148.53 154.28 183.57 1708.89 178.45 182.88 - - 137.86

Table 3.15. 6aS,7b industry acoustic survey in 2017: age-disaggregated estimate of
mature herring in survey Northwest area. The estimated TSB for the Northwest strata =
5391t.
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Variable: Abundance
EstlLayer: 1

Stratum: NW

SpecCat: Clupea herangus

age

LenGrp 1 2 3 4 5 [ 7 8 9 1a
28.8-28.5 38 - - - - - - -
28.5-21.8 - - - - - - - -
21.8-21.5 - - 38 - - - - -
21.5-22.8 e e - - - - - - -
22.8-22.5 - 258 55 - - - - - -
22.5-23.8 27 844 - 27 - - - - -
23.8-23.5 - 1134 17e - - - - - -
23.5-24.8 - 1359 414 - - - - - -
24.8-24.5 - 1119 1398 - - - - - -
24.5-25.8 - 766 1914 128 - 32 - - -
25.8-25.5 - 129 2264 614 97 - - - -
25.5-26.8 - 162 1976 818 a7 - - - -
26.8-26.5 - 32 1651 1133 162 97 - - -
26.5-27.8 - 32 1229 1552 65 129 65 32 -
27.8-27.5 - - 715 1624 358 268 32 32 -
27.5-28.8 - - 323 969 323 937 485 - -
28.8-28.5 - - 96 458 257 1413 548 128 32
28.5-29.8 - - - a7 485 1133 8a9 388 B85
29.8-29.5 - - 32 &4 385 866 577 449 &4
29.5-38.08 - 27 - - 82 3eae 191 489 55 -
38.8-38.5 - - - - 79 159 159 - 48
38.5-31.@ - - - - - - 53 26
31.8-31.5 - - - - - - 38 -
TSN(1888) 87 5884 12229 7499 2343 5248 2863 1681 242 48
TSB{1808 kg) 6.3 582.8 1575.2 1@87.2 38e.7 894.2 581.6 312.3 43.6 7.8
Mean length (cm) 21.38 23.56 25.38@ 26.58 27.68 28.15 28.42 29.82 29.81 3a.ee
Mean weight (g) 71.71 99.85 128.81 144.98 162.51 17@.46 175.19 185.8@8 188.36 191.80

Mumber Biomass Mea
(1E3) (1E3kg)

El
EL
61
385
898
1384
1773
1589
2838
3185
3845
3875
3185
3854
3837
2922
2977
2437
1l@e63
436
78
El

38113
- 5

1.

1
4

24,
77.

128
173

27e.
324,

383
483

428.
443,

478
434

485,
526.

444
284

86.

15

391.

61

NohkoWbORNO~-NO RO WO D WE R~ o

57.

72.

78.

86.

9z.

98.
187.
114.
123,
132.
139.
142.
153.
159.
169.
176.
182.
191.
198.
2ea.
218.

nwW
(g)

.aa

e
2e
a1
e
54
a7
73
31
55
a7
38
98
a1
45
78
e
38
78
ag
e
2a

.46

Table 3.16. 6aS,7b industry acoustic survey in 2017: age-disaggregated estimate of
mature herring in survey Donegal Bay area. The estimated TSB for the Donegal Bay

strata = 23,157 t.

Variable: Abundance
Estlayer: 1

Stratum: Donegal Bay
SpecCat: Clupea herangus

Biomass Mean W
(1E3kg) (g)
14.3 57.88
145.5 82.86
365.1 86.63
481.2 92.22
863.6 99.08
1832.8 187.69
1322.1 116.48
1581.8 125.98
1587.4 135.13
1687.8 142.78
1785.6 147.91
1858.8 157.18
1943.6 164.42
2842.9 172.82
2157.7 182.53
2244.9 185.96
1313.1 191.42
613.7 196.11
131.8 288.88
54.7 218.84

- 23157.@ -

age
LenGrp 1 2 3 4 5 B 7 8 ] 18 Number
(1E3)
20.8-28.5 | - - - - - - - - - - -
28.5-21.8 | - - - - - - - - - - -
21.8-21.5 | - - - 251 - - - - - - 251
21.5-22.9 | - - - - - - - - - - -
22.8-22.5 - 1263 5@s - - - - - - - 1768
22.5-23.8 222 3771 - 222 - - - - - - 4214
23.8-23.5 - 45991 227 - - - - - - - 5218
23.5-24.8 | - 5979 1745 - - - - - - - 8723
24.8-24.5 | - 5758 3833 - - - - - - - 9583
24,5-25.8 - 3243 7567 278 - 278 - - - - 11351
25.8-25.5 - - 9719 1576 525 - - - - - 11821
25.5-26.8 - 788 8931 2182 - - - - - - 11821
26.8-26.5 - - 6830 4728 - 263 - - - - 11821
26.5-27.8 - 262 5774 4986 262 262 262 252 - - 12872
27.8-27.5 - - 2898 5838 1851 788 263 - - - 11821
27.5-28.8 | - - 1576 2898 1313 3152 2898 - - - 11821
28.8-28.5 | - - 263 2627 788 5842 1313 525 263 - 11821
28.5-29.8 - - - 263 1576 4283 2898 2627 263 - 11821
29.8-29.5 - - 252 262 2362 4986 1575 2362 262 - 12872
29.5-38.8 - 221 - - 664 1992 885 2655 443 - 5868
38.8-38.5 - - - - - 348 1391 1843 - 348 3129
38.5-31.8 - - - - - - - 439 228 - 559
31.8-31.5 - - - - - - - 251 - - 251
TSN(1@88) | 222 27268 58122 27887 8542 22386 11468 18165 1458 348 158899
TSE(1e88 kg) 18.2 2733.7 66E5.6 4866.4 1476.8 3948.9 2873.9 1915.3 268.7 66.4
Mean length (cm) 22.58 23.56 25.39 28.57 28.85 28.29 28.44 29.18 29.11 3@.88
Mean weight (g) 82.88 188.25 131.79 15@8.57 172.79 176.67 188.83 188.41 179.88 191.80 -

- 145.73
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The results of the uncertainty estimates (CV) for herring 6aS,7b are shown in Table 17.
The CV estimates on biomass and abundance are high (~0.50) for the survey in 2017.
This is most caused by the over-reliance on a few acoustic marks of herring in Lough
Swilly and Donegal Bay in particular. Bias considerations for the survey are outlined in
section 2.4.4. Many of the considerations are common to all acoustic surveys,
particularly when dealing with spawning or pre-spawning aggregations and should be
dealt with and reduced if possible at the survey design stage.

Table 3.17. 6aS/7b uncertainty estimates for herring (with CV) by weight and number
for the Northwest area, Lough Swilly, Donegal Bay and the total survey area.

[1] "Ton by stratum"”
Stratum Ton. 5% Ton.58% Ton.95% Ton.mean Ton.sd Ton.cy
1: Donegal Bay 118.767 23891.366 73572.28 24878.826 23274.821 ©.9355273
2: MW 2198.348 5378.212 13627.43 B6237.623 3981.178 8.5254257
3 Swilly 3575.446 115/7.825 25768.81 12592.914 £986.635 @.5584358
[1] "Total number by stratum (mill)™
Stratum  Ab.5um.5% Ab.5um.58% Ab.5um.95% Ab.5um.mean Ab.5um.sd Ab.5um.cv
1: Donegal Bay 819329.6 158893586 493239316 169956545 158258712 ©.9311716
2: MW 15688734.3 37962976 95473163 44185833 27367861 8.52848562
3 Swilly 26834763.9 83352285 1863948388 02292342 58495829 8.5471616
[1] "Ton by survey"™
Ton.5% Ton.58% Ton.95% Ton.mean Toen.sd Ton.cv
1: 12267.22 39595.81 B84213.44 42658.17 22117.12 @.5185786
[1] "Total number by survey (mill)"™
Ab.5um.5% Ab.5um.58% Ab.5um.95% Ab.Sum.mean Ab.5um.sd Ab.5um.cv
1: 886878598 279538481 581915173 2098241571 hSllQ??ES 8.5869641

There was good evidence of offshore containment of herring in 6aS,7b again in 2017,
however, there is still a concern regarding stock containment inshore due to the hyper-
aggregating behaviour and shallow distribution (<15m) of herring in some areas. There
was evidence from the fishery and the survey itself (marks on the boundaries of the
survey grid at the limit of where the vessel could go) of fish inshore in areas where the
survey did not cover. The over-reliance of the estimate on few areas of high herring
density led to the high CV on the estimates of abundance and biomass (~0.50).
Additional areas off the west Mayo and Galway coasts were covered by this survey in
2017. There are a number of grounds that were known to have spawning in the past
(Figure 2.6), however, no herring aggregations were located in these areas apart from a
couple of marks in Killala Bay. Spawning is known to occur, but the lack of occurrence
of herring marks in these areas suggest that timing of the survey was inadequate, and
therefore containment may not have been achieved in these areas in 2017.
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3.2.3 6aS,7b horse mackerel (Table 3.18 to 3.19)

The horse mackerel stock was not contained by the survey; this species is known to
inhabit a large geographical range (outside the area of the survey) therefore the index is
only useful as a subset of the larger stock, albeit an important area for the horse
mackerel fishery during this time of the year.

Table 3.18. 6aS,7b industry acoustic survey in 2017: age-disaggregated estimate of horse
mackerel in total survey area. The total estimated TSB for the entire survey area = 68,079
tonnes.

Variable: Abundance
EstlLayer: 1

Stratum: NW

SpecCat: Trachurus trachurus

age
LenGrp 3 4 5 & 7 8 9 12 MNumber Biomass Mean W
(1E3) (1E3kg) (g)
2e-21 | 1822 - - - - - - - 1822 185.9 182.86
21-22 | 1288 - - - - - - - 1208 91.8 76.08
22-23 | 16952 - - - - - - - 16952 1546.9 91.25
23-24 | 93298 - - - - - - - 93298 9434.9 181.13
24-25 | 97558 - - 3849 - - - - 188587 11391.4 113.23
25-26 | 74193 11858 6314 - - - - - 91557 11525.2 125.88
26-27 | 18812 16636 - - - - - - 26697 3784.4 141.75
27-28 | 3293 - - - 8233 - - - 11527 1826.1 158.43
28-29 | 5866 7333 7333 4488 - 2933 - - 27864 5116.8 1B3.63
29-38 | 1533 - 12265 5132 - 3866 - 3866 26863 5528.7 211.82
38-31 | 7575 - 4545 - - - 18188 - 38381 B6Y95.8 228.95
31-32 | - - 3411 - - 9813 8411 - 26636 B622.6 248.63
32-33 | - - - - - - 13349 - 13349 3498.7 261.58
33-34 | - - - - - - - 3@38 3838 346.9 279.58
TSH{1leaa) | 313311 35869 38868 13581 8233 15813 39941 6895 478911 - -
TSB(1888 kg) | 365@2.6 5175.4 7725.7 2465.8 1342.8 3574.1 9889.8 1484.7 - BBB79.2 -
Mean length (cm) | 24,14 26.18 28.71 27.55 27 .98 38.96 38.88 38.99 - -
Mean weight (g) | 116.51 147.58 198.76 181.56 163.88 226.83 245.59 243.54 - - 144,57

The results of the uncertainty estimates (CV) for horse mackerel in 6aS,7b are shown in
Table 19. The CV estimates on biomass and abundance are high ~ 0.62 for the survey in
2017. For horse mackerel this is most likely caused by and over-reliance of two transects
in particular (Figure 3.8b).

Table 3.19. 6aS/7b industry acoustic survey in 2017: uncertainty estimates of horse
mackerel (with CV) by weight and number for the total survey area.
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3.3

kl] "Ton by stratum"”

Stratum Ton.5% Ton.58% Ton.95% Ton.mean Ton.sd Ton.cw
1: My 8525.341 48694.13 186966.56 47212.5 29228.25 8.561896891
[1] "Total number by stratum (mill)"

Stratum Ab.5um.5% Ab.5um.58% Ab.5um.95% Ab.S5um.mean Ab.5um.sd Ab.Sum.cv
1: My 59817578 281485615 TF39899322 326615067 202194886 ©.56198504
[1] "Ton by survey"™

Ton.5% Ton.58% Ton.95% Ton.mean Ton.sd Ton.cw

1: 8525.341 48694.13 18696.6 47212.5 29228.25 8.56189891
[1] "Total number by survey (mill)"™

Ab.5Sum.5% Ab.Sum.58% Ab.5um.95% Ab.Sum.mean Ab.Sum.sd Ab.Sum.cv
1: 59817578 281485615 739899322 326615887 282194886 8.56198594

Stock identity separation

3.3.1 Morphometric differences

Laboratory analysis to be completed in 2018

3.3.2 Genetic differences

Recent results from the genetic testing of western herring using baseline sample from
2014, 2015 and 2016 are reported in Farrell and Carlsson (2018), conclude that the 6aN
and 6aS/7bc herring stocks represent at least two genetically distinct populations, and
this result appears to be stable over time. The 6aN samples are indistinguishable from
the North Sea samples analysed and both are relatively temporally stable at the
molecular markers analysed. The 6aS, Celtic Sea and Irish Sea samples all showed
strong population differentiation between each other and the samples from 6aN and NS.
However unlike all other areas the 6aS samples (2003, 2014, 2016 and 2017) showed a
significant degree of temporal genetic variation between the different years of sampling.
It is hoped that the increased sample coverage in the 2017 industry survey/fishery might
resolve this. Given the historical shifts in spawning time within this stock though it is
not unexpected and may be related to the biology of this particular population. Further
analyses are also required to refine and optimise the marker panel to ensure temporal
stability of the chosen markers and to estimate the temporal validity of the baseline (i.e.
the frequency of updates required). Previously un-sampled populations within the
study area must also be analysed to confirm that they can be identified with the marker
panel (6aN winter? spawners). When this is completed it will then be possible to analyse
the mixed survey samples and split them based on population of origin.

The analysis of samples taken in 2017, and spring and autumn 2018 will be used to test
these results, and together they will play a vital part of scientific evidence to improve
the future basis of stock assessment for western herring,.
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3.4

Age composition of the commercial catch

3.4.1 Catch at age matrix (text from ICES HAWG 201 8b)

Biological data from commercial hauls taken during the monitoring fishery were used in
generating the catch-at-age data for the 2018 assessment.

6aN

Catch and sample data, by country and by period (quarter), are detailed in Table 5.2.1
and Table 5.2.2. Biological data sampled from commercial hauls (n=32) were used to
allocate the age-distribution for the 6.aN catches used in the assessment. The samples
were used to allocate catch-at-age (winter rings) (using the sample number weighting)
to unsampled catches, in the same or adjacent quarters. The allocation of age
distributions 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 (WD02, HAWG
2017)). The same principles described in that document were followed in 2017.

The 2013 year class (3-ringers in 2017) dominated both in the catch in 6.aN and in the
MSHAS_N acoustic survey index (52% of the catch, 42% of MSHAS_N index, Figures
52.3 and 5.2.4, Table 5.2.3). This year class is also coming through clearly in the
neighbouring North Sea autumn spawning stock and was already prominent in catches
in 6.aN Ist year as 2-ringers, 33% of the catch). With the exception of 3 ringers, numbers
of all other age groups were lower than 2016, the reduction in 2 ringers and 9 ringers
being particularly notable. One ringer herring were absent from both the catch and
survey data in 6.aN and are generally observed intermittently only. They are rarely
representative of year class strength.

6aS,7bc

Catch-at-age data for this fishery are shown in Table 5.1.3 in HAWG report (ICES 2018b)
and in percentage terms since 1992 in Table 5.1.4. In 2017, the fishery was dominated by
3- and 4-ringers (2012 and 2013 cohort), accounting for 61% of the catch, followed by 6-
ringer (2010 cohort) at 15% (Table 5.1.4). The 2-, 3-, 5- and 6-ringer cohorts featured
prominently in the previous year.

The 6.a.5/7b-c stock is well sampled, there have been sufficient samples to achieve the
precision level sought by the ICES advice on the monitoring fishery in 2016 and 2017.
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The numbers of samples and the associated biological data are shown in Table 3.4 this
report (Table 5.1.7 ICES 2018b). The catch at age matrix tracks cohorts well in the past
two years.

Mixing of autumn, winter and spring spawners takes place in this area which may lead
to ageing difficulties regarding counting of winter rings.
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4 Achievements and Recommendations

4.1 Abundance estimation -acoustics
4.1.1 Recommendations for data users from ICES WGIPS (ICES 201 8a)

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 (29 April 2016) 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 ages 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
confident are 6aN herring, stages 3-4 on the ICES 6 pt maturity scale, ICES
2011)

The industry survey has particular value in relation to

e Providing an index of 6aN SSB and monitoring changes in the distribution of
herring at this time of year, as well as the timing and locations of spawning.

e Providing the catch-at-age data necessary for assessment and evidence for
monitoring of a rebuilding plan, which is presently in its second draft following
ICES evaluation (27 Nov 2017).

e Providing a platform to continue work on stock splitting and stock ID in the
greater Malin Shelf area and the use of this information to inform the stock
assessment of Western herring.

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,’bc

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
inshore distribution and maturity stages of the fish sampled

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

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

The horse mackerel stock was not contained by the survey; this species is known
to inhabit a large geographical range (outside the area of the survey)

The survey has particular value in relation to

4.1.2.

Being a good proof of concept that Industry/science partnership is a suitable way
to survey this stock, including calibration of towed-body mounted transducers
(38 kHz) of the industry vessel in Lough Swilly

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

Providing a platform to continue work on stock splitting and stock ID in the
greater Malin Shelf area and the use of this information to inform the stock
assessment of Western herring.

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

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

Consider in-season evidence for timing based on progress in the North Sea 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.
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4.2

4.1.2.2

Maintain the strategy to try and provide continuous coverage in key areas.

Continue to ensure that industry vessels are equipped with nets appropriate for
taking small samples for biological analysis.

Notity creel fishermen of survey transects in advance

6as,7bc

Survey in 2018 and beyond - funding of the survey is currently uncertain. In
2017, the use of part of the monitoring TAC to pay for the survey was not
permitted, and is unlikely to be permitted in the future. The survey in 2017 was
funded by using horse mackerel scientific quota as the survey was focused on
generating abundance estimates for both horse mackerel and herring for the
survey area.
Need to reduce uncertainty of estimate through better survey design and strata
delineation. The estimates in 2016 (O’Malley et al 2017) and 2017 relied heavily on
herring aggregations from a few areas, resulting in a high cv (~0.37 (2016) and
~0.50 (2017))
Design — stock not contained inshore in 2017,
* Survey timing
* Dbetter if schools more widely distributed, before inshore aggregating
behaviour is apparent, or a design that deals with the inshore behaviour
during 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 and 2017 will be analysed in 2018 -
2020 under the EASME project.

Additional samples will be collected in 2018, 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 2018b), and in developing the
advice for 2018 which will be published on 30 June 2018.

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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5 Rebuilding plan

Following ICES advice on the need for a stock recovery plan for herring in 6a,7bc (ICES
2016a,b, 2017a), the Pelagic Advisory Council submitted a proposed plan to the
European commission on 2 March 2018. This second version (Appendix 2) takes into
account the advice given by ICES on a previous version (ICES 2017b), with the advice
rule being fully consistent with the ICES MSY approach advice rule and more
precautionary than it for a range of stock sizes below BMSYtrigger. Despite the work
undertaken by ICES HAWG to evaluate the plan, ICES ACOM decided that the basis for
advising the commission on its special request to evaluate the plan was insufficient.
Next steps will be developed as more information on what is expected comes forth.
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Appendices

Appendix 1. 38kHz calibration results for Eilean Croine 18/11/2017

Calibration Version 2.1.8.12

Date: 18.Nowv.2817

Comments:Eilean Crodine 5238 Calibration 2: Rathmullan Pier, Co.

Reference Target:
T5 -42.48 dB Min. Distance
TS Deviation 5.8 dB Max. Distance

Transducer: ES38B Serial No. 38

Frequency 38888 Hz Beamtype
Gain 25.69 dB Two Way Beam Angle
Athw. Angle Sens. 21.98 Along. Angle Sens.
Athw. Beam Angle 6.95 deg Along. Beam Angle
Athw., OFffset Angle @.11 deg Along. Offset Angle
SaCorrection -8.67 dB Depth

Transceiver: GPT 38 kHz @89872816d9f 1-1 ES3EB
Pulse Duration 1.824 ms Sample Interval
Power e W Receiver Bandwidth

Sounder Type:
EK6® Version 2.2.1

TS Detection:

Min. Value -58.8 dB Min. Spacing

Max. Beam Comp. 6.8 db Min. Echolength

Max. Phase Dev. 3.8 Max. Echolength
Environment:

Absorption Coeff. 9.8 dB/km Sound Velocity

Beam Model results:

Transducer Gain = 26.24 dB SaCorrection
Athw. Beam Angle = 5.98 deg Along. Beam Angle
Athw. Offset Angle = 8.88 deg Along. OFffset Angle

Data deviation from beam model:

RMS = 2.48 db
Max = 1.47 dB HNo. = 48 Athw. = 1.3 deg Along
Min = -2.33 dB No. = 165 Athw. = 2.8 deg Along

Data deviation from polynomial model:

RM5 = 8.47 dE
Max = 1.44 dB MNo. = 48 Athw. = 1.3 deg Along
Min = -2.48 dB No. = 165 Athw. = 2.8 deg Along

.88 m
18.58 m

split
-28.6 dB
21.98
6.95 deg
-@.82 deg
1.88 m

@.191 m
2.43 kHz

1ae %
a8 %
138 %

1493.9 m/s

-8.56 dBb
6.77 deg
-8.89 deg

8.1 deg
1.8 deg

8.1 deg
1.8 deg

Donegal
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Appendix 2. PELAC proposal for 6a-7bc herring rebuilding plan

Updated: 17/03/2018

Background

1.

The two herring stocks in the ICES areas 6a and 7bc have been combined in the ICES benchmark
workshop 2015 (ICES 2015) because there was insufficient information to split the survey and catch
information into separate assessments pertaining to stocks for 6a North and for 6a South-7bc.
There is general agreement that the herring stocks in 6a North and for 6a South-7bc constitute
separate stocks (ICES 2017).

The ICES advice for 2016 (ICES 2016a), 2017 and 2018 has been for a zero TAC and the development
of a rebuilding plan. “Fishing should not proceed unless accompanied by a stock recovery plan. Such a
plan should include rebuilding targets and time lines as well as protections for each stock. This would
also imply including a research component to resolve the lack of information on stock mixing and
recruitment.” (ICES 2016a)

According to the most recent scientific assessment, the present low stock size of herring in 6a-7bc is
likely to be mostly caused by poor recruitment affecting productivity, because fishing mortality has
been very low in the recent 5 years. The influence of the environment (particularly temperature) on
herring productivity, as well as changes in abundance of their predators, means that the biomass will
always fluctuate (Dickey-Collas et al. 2010, ICES 2015) and thus trying to manage fishing mortality
may not necessarily lead to quick recovery.

On 29 April 2016, ICES issued advice for a scientific monitoring fishery for herring in the area (ICES
2016b).

On the basis of the ICES advice, the European Union included the scientific monitoring fishery for
herring in the regulation 2016/1252 of 28 July 2016, thereby establishing a scientific quota of 4170
tonnes in 5b, 6b and 6a North and 1630 tonnes in 6a South, 7bc. (EU 2016/0203 ). The same
provision was made for 2017 ((EU 2017/127) and 2018 (EU 2018/120).

Objectives

The primary purpose of the 6a-7bc herring rebuilding plan is to:

1.

Recover stock levels to the appropriate minimum biomass reference points as quickly as possible.

2. Toimprove the knowledge base for herring in 6a and 7bc, by

a. Utilizing any quota that is allocated for the combined 6a, 7bc herring stock, or the two
constituting stocks during the rebuilding phase, solely for the purpose of scientific
monitoring necessary to determine the status of the stocks and the ability to discriminate
between the ‘6a North stock’ and ‘6a South, 7bc stock’.

b. Providing the data and analyses undertaken during scientific monitoring under this
rebuilding plan to relevant scientific expert groups for use in benchmarking the assessments
methods for herring in 6a and 7bc, and as time series for future update assessments.

c. Determining appropriate biological reference points for the different stock components.
Establish agreed harvest control rules to be used as the basis for future TAC setting.
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Criteria and definitions

Article 1 subject matter

This plan pertains to the herring stocks in the following geographical areas:

a)
b)

6a North
6a South and 7bc

Article 2 geographical definitions of stocks

For the purposes of this plan, the following geographical definitions of stocks shall apply (subject to

article 5):

a) ‘6a North stock’ means the autumn-spawning herring stock that spawns in the waters of 6a North.

b) ‘6a South, 7bc stock’ means the winter-spawning herring stock that spawns in the waters of 6a South
and 7cb.

c) ‘Combined 6a, 7bc stock’ means the combined stocks of 6a North autumn spawning herring and 6a
South and 7bc winter spawning herring stocks.

Article 3 definitions

For the purposes of this Plan, in addition to the definitions laid down in Article 4 of Regulation (EC)
No 1380/2013, the following definitions shall apply:

1.

10.

‘Monitoring TAC’ means the allocated TAC for herring in 6a and 7bc that will fulfil the obligations for
appropriate monitoring of stock development and/or stock discrimination.

‘Catch sampling’ means the collection and analysis of catch samples taken from a commercial
fishery, in accordance with the EU Multi-annual programme for data collection (EC 2016_1251)
‘Genetic sampling’ means the collection and analysis of genetic tissue samples from a commercial
fishery or from research surveys with the aim of identification of distinct fish stocks.
‘Morphometric sampling’ means the collection and analysis of morphometric images of fish body
shape from commercial fisheries or from research surveys.

‘Monitoring plan’ means the detailed approach and methods to be used to collect relevant and
credible information on the herring stocks that are part of this rebuilding plan.

‘Survey period(s)’ means the period(s) during which commercial fishing vessels are being used as
research platforms to carry out research activities in the context of this rebuilding plan.

‘Survey area(s)’ means the areas(s) where commercial fishing vessels are being used as research
platforms to carry out research activities in the context of this rebuilding plan.

‘Research activities’ refers to catch sampling, genetic sampling, morphometric sampling, acoustic
surveying or any other activity that contributes to an enhanced understanding of stock status or
stock discrimination.

‘Spawning ground’ refers to locations where there is evidence of herring spawning.

‘Spawning habitat’ refers to preferred substrate used by herring during spawning.

Article 4 reference points
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1.

2.

The precautionary and MSY reference points for the two herring stocks in 6a North and 6a South-7bc
are currently unknown because it is not possible to separate the stocks in the catch or the surveys.
On the basis of the combined assessment (ICES 2016a) relevant reference points are:

a. The minimum spawning biomass level and the precautionary spawning biomass level for the
combined herring stock shall be as follows: Bjim = 250 000 tonnes, Bpa (= MSY Birigger) = 410
000 tonnes. These values are based on the 2017 ICES advice.

b. The maximum fishing mortality associated with Maximum Sustainable Yield (Fms,) for the
combined herring stock shall be as follows: Frs, = 0.16. This value is based on the 2017 ICES
advice.

c. Therebuilding target for herring in 6a and 7bc is for spawning stock biomass to be greater
than Bjim for a minimum of three consecutive years.

If the stock is perceived to be below Bjim, a monitoring TAC will be allocated for commercial vessels
that carry out scientific research within the context of the monitoring plan (Article 7). Based on
status quo, the monitoring TAC shall be 5 800 tonnes, unless the TAC setting procedures in Article 6
determine that it should be lower.

The values of reference points can be adapted on the basis of new ICES advice for the combined
stock.

Article 5 End of the rebuilding plan

1.

The rebuilding plan will be superseded by a long term plan for the stock(s) when according to ICES,
spawning stock biomass is assessed to have been above B for 3 consecutive years and forecast to
above Bjin, in the subsequent year, when ICES MSY approach F is applied in the forecast.

Should the definitions of stocks in Article 2 change based on new scientific knowledge, this
rebuilding plan will be deemed no longer to be applicable. A new plan will be required to
accommodate the new understanding of stock identity and status.

Article 6 TAC setting procedures during the rebuilding plan

1.

In the case where spawning stock biomass of the combined stock is forecast to be less than Bjm at
spawning time of the year for which the TAC is to be set, and where the status-quo monitoring TAC
of 5 800 tonnes would result in an F larger than in the ICES MSY rule, the monitoring TAC will be
reduced to match the F following from the ICES MSY rule. Otherwise, the status-quo monitoring TAC
of 5 800 tonnes will apply.

In the case where spawning stock biomass of the combined stock was assessed to be less than Bjm in
the previous year and is forecast to be larger than Bjin, and less than MSY Byigger at spawning time of
the year for which the TAC is to be set, the status-quo monitoring TAC of 5 800 tonnes will apply.

Unless the end of the rebuilding plan has been reached (Article 5), in the case where spawning stock
biomass of the combined stock was assessed to be larger than Bjim and less than MSY Byigger in the
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previous year, and is forecast to be larger than Bim and less than MSY Birigger at spawning time of the
year for which the TAC is to be set, the status-quo monitoring TAC of 5 800 tonnes will apply.

Article 7 Monitoring plan

1.

A monitoring plan will be established for the duration of the rebuilding plan or as long as the stock
remains below Bjim.

The monitoring plan will outline the research priorities and activities that will be carried out when
utilizing the monitoring TAC.

The monitoring plan will be closely coordinated between scientific institutes, management and
stakeholder organizations from those countries who have a fishery interest.

Research activities will be carried out according to scientific protocols and procedures.

The monitoring plan will endeavour to collect data in a way that ensures it provides consistent
continuation of the long-term catch at age data.

Article 8 Conditions of the monitoring fishery

1.

Derogation of the landing obligation will be granted to industry vessels conducting scientific survey
work in the survey area(s) during the survey period(s).

Vessels participating in the scientific survey work will be permitted to catch herring in specified areas
for the purpose of taking scientific samples during the survey period.

Collection and use of information for stock status and stock discrimination

a. Data collected from the surveys will be stored in existing established data archiving system,
the same as other scientific surveys. The data will be held at Marine Scotland Science
(Aberdeen) and the Marine Institute (Galway).

b. Access to the data will be granted on the basis of a reasoned request, through permission of
the data custodian(s). In principle, no reasonable request for access will be denied in so long
as it relates to the scientific analysis and gives due consideration to the data owners.

c. The data and outcomes of the analyses of research activities will be submitted to the
relevant scientific expert groups in ICES and STECF for consideration in improving the
assessments of the herring stocks, through benchmark process and use in update
assessments.

Article 9 Biological and Ecosystem considerations

1.

Vessels will take measures to avoid vulnerable species likely to encounter pelagic fishing gears. On
observation of: Basking shark - Cetorhinus maximus® or Kemp’s ridley turtle — Lepidochelys kempii?,
a vessel will cease fishing operations and move away at least 2 nautical miles.

All bycatch of seabirds, seals and cetaceans will be counted, measured and included in the survey
database.

Protection of herring spawning grounds

! Protected under Schedule 5 of the Wildlife and Countryside Act 1981 (Scotland)
2 Habitats Regulation 1994 (Schedule 2, European Protected Species)
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a. Spatial and temporal characteristics of herring spawning grounds should be identified.

b. Activities other than research activities (Article 3.8) that have an impact on the spawning
habitat of herring should not occur unless the effects have been assessed and shown not
to be detrimental.

4.  There have been many reports on increases in the number of predators in area 6a and 7bc which
could affect the natural mortality of herring. Documentation of such effects on natural mortality is
an important part of the understanding of stock dynamics.
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