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Executive summary 

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

Industry and scientific institutions from Scotland, Netherlands and Ireland successfully 

carried out scientific surveys with the aim to improve the knowledge base for the herring 

spawning 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 3 751 t (2 958 t in 6aN and 

793 t in 6aS/7bc) (EU 2021/703, Defra 2021), the scientific survey was designed based on 

ICES advice, and experience from 2016-18 on the timing, location and number of samples 

required to collect assessment-relevant data from the monitoring fishery (ICES 2016a). 

In 6aN, two vessels were deployed within 10days of one another. Each was equipped with 

hull mounted calibrated echosounder (s). FV Afrika used a Simrad EK80 with 3 

frequencies and Chris Andra used a 38KhZ Furuno FCV-30. Both vessels were proven to 

be very stable platforms for acoustic surveys and the weather was good throughout the 

surveys.  

Following the guidance arising from the ICES Workshop on Herring Acoustic Spawning 

Surveys (WKHASS, ICES 2020), the survey area in 6aN focussed again on two principal 

spawning areas, with timing planned to coincide with the known spawning period. 

Spawning ready fish were evident in strata 1 and spawning samples were taken for 

genetic analysis. As in previous recent years, the majority of herring were found in strata 

1 running nort-south at a depth of 90-100m on flat ground, known to be suitable spawning 

habitat. Very few marks were recorded in strata 2 and only one small sample was obtained 

by Chris Andra.  Chris Andra had sufficient time to make two passes of strata 1, which 

proved to be important because data from the first pass were corrupted and 

unrecoverable. A new feature of the 2021 survey was the occurrence of discrete 0-group 

mackerel schools that occurred off bottom, toward sloping ground and marked very hard 

on the 38khz. These marks were confirmed by several directed trawl samples. Discussion 

over concerns regarding the impact of limited samples from Afrika and unfamiliar data 

standards for the Furuno-FCV30 used on Chris Andra led to the decision to combine the 

biological samples from both vessels and apply them to acoustic data from Afrika to 

provide the final estimate of abundance and biomass to contribute to the time series. 

Accordingly, the total biomass estimates of herring recorded during the survey in 6aN 

was 7.01 t (CV= 0.40), comprising 98% mature fish. Despite concerted searching and 

several hauls, efforts to obtain a commercial catch as payment for the survey was limited 

by the lack of fish available. 
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In 2021 Scottish vessels used a new sampling bag attached to the end of the herring net. 

The purpose of the bag is to both to ensure that a representative sample of the catch can 

be retained, while at the same time allowing for release of fish in the event that the catch 

may be larger than required for a sample.  Track record since 2016 shows that these events 

are very rare but may occur specifically when a very dense spawning mark is targeted for 

a sample. There are benefits and drawbacks to this approach but on balance, both the 

result that successful biological samples were retained and fish were observed to escape 

when the bag was full is considered that use of the sample bag was justified. 

Coinciding with the 2021 International Herring Acoustic Survey, a 10-day acoustic survey 

was carried out by FV Adenia in July (Annex 2). The main objective was to increase the 

chance of obtaining sufficient biological samples of herring in Strata 1 and 3 of the 

International Herring Acoustic Survey (HERAS). A secondary objective was to test the 

effect of transect spacing on estimation of herring abundance. Out of 10 hauls, only 3 

herring were caught, all in one haul. Scrutiny of the acoustically detected marks of fish 

schools resulted only 5 marks that were ‘possibly’ herring but they could not be verified 

by the sampling. Following a review of the acoustic and biological sampling results in 

consultation with lead scientists From the Marine Institute and Marine Scotland, the 

decision was made not to undertake any further analysis of the acoustic data, since doing 

so would require unjustifiable assumptions given the absence of biological sample data. 

In 6aS/7b,c an acoustic survey of herring was conducted in December 2021 and January 

2022.  The 2021 survey was conducted using five vessels: MFVs Crystal Dawn WD201, 

Ros Ard SO745, K-Mar-K SO965, Rachel D SO976, and Girl Kate SO427. The survey design 

was similar to 2020 in that only core areas with prior knowledge of herring distribution 

from the monitoring fishery were targeted for surveying. Approximately 300nmi of 

transects were completed using 102 transects.  This resulted in a total area coverage of 

approximately 65.04 nmi², similar to 2020 (66.26 nmi²), but a significant reduction 

compared to previous survey (2016 – 2019).  A pole-mounted system with a combi 38 kHz 

(split) 200 kHz (single) transducer was used successfully for the survey in 2021.  Herring 

were again distributed inshore, and the improved survey design and use of small vessels 

for the survey resulted in a good measure of uncertainty (CV = 0.23).    Very strong herring 

marks were evident in Lough Foyle and Lough Swilly in the channel in marks that 

extended for many miles.  There was also a series of strong herring marks in Bruckless 

Bay, Fintra Bay (Inishduff) and Inver Bay in discreet areas.  A replicate survey was 

completed in Lough Foyle in January 2022, but herring had largely migrated out of the 

Foyle at this time, therefore this survey was not included.  The monitoring fishery was 

being conducted on smaller boats in the same areas and close to the same time as the 

survey and biological samples from some of these vessels were used.  There was a good 
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spread of length classes in all hauls, with most hauls dominated by larger (> 22 cm) mature 

fish. The 2- and 3-wr age class of herring accounted for 74% of the overall numbers in 

2020, but the 3-wr fish were dominant overall (56%).  The total stock biomass (TSB) 

estimate of 35,944 tonnes is considered to be a minimum estimate of herring in the 6aS/7b 

survey area at the time of the survey; all areas were not covered in 2021, and therefore the 

stock was not overall contained in the wider 6aS/7b survey area. The flexible survey 

design and focusing on discreet areas was generally successful. 

Acoustic survey time series indices for 6aN (Mackinson and Berges 2022) and 6aS7b 

(O’Malley and Nolan 2022) were used during the 6a7bc herring benchmark workshop in 

February 2022 (ICES 2022).  

Pending ICES recommendations for future monitoring requirements that arise from the 

ICES 6a7bc herring benchmark conducted in February 2022, tentative plans for surveys 

in 2022 are underway, based on provisions for monitoring TACs of 2 250 t (6aN) and TBC 

t 6aS7bc  (Defra 2022, EU 2022/109). 
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1 Rationale, aim and objectives 

1.1 Rationale 

During the ICES benchmark workshop on herring west of the British Isles (ICES 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, Northern 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. The EU Council regulation (EU 

2021/703) and UK Secretary of State (Defra 2021) enabled  provision for a monitoring TAC 

of 3 751 t (2 958 t in 6aN and 793 t in 6aS/7bc) of 4 840 t, enabling the sixth survey to take 

place in 2021.  
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Figure 1.1. Herring stock assessment areas. 

 

1.2 Overall Aim 

 

To improve the knowledge base for the spawning components of herring in 6aN and 

6aS/7b, and submit relevant data to ICES to assist in assessing the herring stocks and 

contribute to establishing a rebuilding plan.   
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Acoustic survey time series indices for 6aN (Mackinson and Berges 2022) and 6aS7b 

(O’Malley and Nolan 2022) were used during the 6a7bc herring benchmark workshop in 

February 2022 (ICES 2022).  

 

 

1.3 Objectives 

 

1. Abundance estimation: Collect acoustic data and information on the size and age 

of herring and use it to generate an age-disaggregated acoustic estimate of the 

biomass of pre-spawning/ spawning components of herring in 6aN and 6aS/7bc 

(‘Western herring’). 

2. Stock identity separation: Collect genetic data to distinguish whether the 6aN 

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

3. Age composition of the commercial catch: Collect catch-at-age data from the 

monitoring fishery to provide continuous fishery-dependent time series required 

for assessment. 

4. Rationale for continued monitoring: Use the results as evidence for consideration 

and design of a survey in 2022 

5. Evidence for a rebuilding plan: Use the results of the surveys to contribute to the 

scientific basis for development of a rebuilding plan for Western herring.  
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2 Material and methods 

2.1 Research plan 

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

stages outlined in Figure 2.1. 

 

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

herring surveys. 
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2.1.1 Specific survey objectives  

Specific objectives for the field survey followed objectives 1-3, described in section 1.3. 

Each of the vessels involved were assigned specific objectives and provided with a vessel-

specific sailing plan and survey protocol manuals (example available on request). Sections 

2.2 to 2.4 describe the survey methods in detail. 

2.1.2 Survey areas and timing 

The areas of interest for the 6aN surveys have been defined based on the ICES advice on 

the monitoring fishery (ICES 2016a) and discussions with fishing skippers during the 

present and past planning meetings.  

Prior to the 2020, five areas were selected for surveying in 6aN (Figure 2.2). The areas 

coincided with the geographic distribution of known active herring spawning areas 

(Figure 2.3, and observed in previous surveys) and records of commercial catches (Figure 

2.4). Areas 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). 

Area 5 was added in 2018 and 2019 based on evidence from 2017 and local creel fishermen 

of herring on the east side of the North Minch. Systematic acoustic surveys (see section 

2.2) were conducted only in areas 2-5 in 6aN, but ad-hoc acoustic data was recorded by 

other vessels also. 

Following guidance arising from the ICES Workshop on Herring Acoustic Spawning 

Surveys (WKHASS, ICES 2020), since 2020 the survey area in 6aN has focussed on two 

principal spawning areas (Figure 2.5, 2.6), with timing planned to coincide with the 

known spawning period. The new strata 1 & 2 are reduced version of previous area 2 and 

3 and correspond to regions that have been covered consistently since 2016. Moreover, 

refocusing the survey to these new strata and re-analysis of surveys since 2016 has 

resulted in a consistency survey time series index (Mackinson and Berges 2022). 

In 6aS/7b, the acoustic survey core areas defined as shown in Figure 2.7. These areas 

correspond to known herring aggregating areas before spawning (Figure 2.8). Spawning 

time in this area is variable, generally between October and February (Table 2.1). The 2021 

survey was completed in 6aS/7b during December 2021 and January 2022 on the more 

dominant winter spawning herring in this area. Spawning is known to occur outside these 

times in 6aS/7b, however the timing was considered to be appropriate considering the 

resources available.   

The timing of surveys in 6aN and 6aS/7b are shown in Table 2.2 and 2.3 respectively. 
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Figure 2.2.  Planned survey areas used in the 6aNorth surveys prior to 2020. Area 1- North 

pre-spawning mixing area, Area 2 -East of cape Wrath, Area 3 – The Minch, Area 4 – Outer 

Hebrides, Area 5 – east Minch. 
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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).  

 

Figure 2.4. Distribution of commercial catches reported in 6aN in 2011. 
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Figure 2.5. Acoustic survey recordings of herring and ‘maybe herring’ marks and 

locations of commercial catches 2016-2019 in the newly defined Strata 1 & 2, showing 

overlap with previous survey Areas 2,3,5 (inset) and noting that the distribution of catches 

reflect spawning grounds. Catches (black dots) scaled proportionally. Acoustic marks are 

not scaled and denote location only.  
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Figure 2.6. Planned survey areas used in the 2021 6aN surveys. 
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Lough Swilly 

 

Lough Foyle 

 

Bruckless Bay 

 

Fintra Bay 

 

Inver Bay 

 

 

Teelin Bay 

 

Figure 2.7. 6aS/7b industry acoustic survey in 2021: The 6 core areas were selected in 

6aS/7b (top panel) based on information from the monitoring fishery and previous 

surveys (2016-2019).  The 6 core areas in 2021 included: Lough Swilly, Lough Foyle, 

Bruckless Bay, Fintra Bay, Inver Bay and Teelin Bay. Red lines denote transects used in 

the final biomass estimates, grey lines were excluded from final analysis.  
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Figure 2.8. Herring Spawning grounds in 6aS/7b,c (extracted from O’Sullivan, 2013). 
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Table 2.1. Spawning areas, spawning grounds and spawning beds in 6aS/7bc. Area (km2) 

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

 

 



Page 19 of 102 

 

Table 2.2. Timing of 2021 surveys in 6aN.  

 

 

Table 2.3. Timing of 2021 surveys in 6aS/7b. 
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2.2 Abundance estimation 

2.2.1 Acoustic survey design 

The purpose of the acoustic surveys was to estimate the minimum spawning biomass of 

adult herring and spawning ready herring within the boundaries of the survey areas. 

Acoustic surveys were conducted in survey strata 1 and 2 in 6aN (Figure 2.5) designed on 

regularly spaced parallel transects (Figure 2.6). Transect direction was assigned 

perpendicular to the narrowest dimension of the survey area to maximise precision of the 

estimation by having many short transects rather than a few long ones. In 6aN each vessel 

surveyed acoustically the two strata at different timings (Table 2.2). The survey dates 

aimed to give best chances to cover the peak time of spawning and were decided based 

on records of known spawning times and advice of fishermen familiar in working the 

areas. 

The 2021 planned survey with parallel and zig/zag transect design is shown in Figure 2.7. 

Areas like Lough Swilly suited a zig/zag transect design approach, whereas Inver, 

Bruckless, Fintra and Achill were more suited to mixed parallel and zig/zag transect 

design. The straight line transects were completed at constant speed (or as close to as 

possible). Deviations from the planned transects were documented on acoustic log sheets. 

When the vessel deviated from transect for any reason it returned to the same position to 

resume the survey. 

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

to be adapted according to the situation observed, such as changes to the survey boundary 

to ensure full coverage of fish aggregations, or undertaking finer scale observations in 

high density locations. Table 2.4 summarises the survey setup for each vessel that took 

part in the 6aN and 6aS/7b surveys. Also noted are any adaptations to the original planned 

survey transects.  

 

2.2.2 Equipment specifications and calibration 

See Table 2.4 for specification, e.g. frequency used and settings. 

The standard calibration procedure described in Demer et al. (2015)1 was used to calibrate 

each of the echosounders deployed on Chris Andra (see Annex 1), and Adenia (see Annex 

2). Echomaster Marine successfully performed the calibration of stern on to the 

breakwater in Peterhead at the slack of a high tide (22m under transducer) in calm 

conditions.  

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

http://courses.washington.edu/fish538/resources/CRR326_Calibration.pdf
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The 38kHz channel of the hull mounted echosounder onboard FV Afrika was calibrated 

in the port of Ijmuiden (The Netherlands) on 10th September under favourable weather 

conditions. The water column exemplified acceptable noise, suggesting an acceptable 

signal to noise ratio for calibration operations. This was confirmed by the low RMS error 

observed through the duration of the calibration trial (0.2 dB).  (Figure 2.10) 

Calibration of the pole-mounted EK80 38kHz echosounder was carried out at Black Head 

before the surveys began on 27/10/2021.  Water depth was approximately 25m at the 

calibration site.  The calibration was carried out using standard methodology as described 

by Foote et al (1987).  The SIMRAD EK80 calibration software was used and the beam 

model was updated for the 38 kHz echosounder.  The calibration was made possible by 

good conditions in a deep water area of the lough. There was minimal interference from 

biota in the water column during the calibration.  Calibration settings are presented in 

Appendix 1 of O’Malley et al. (2022).  
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(a) 

 

(b) 

 

(c) 

 

 

Frequency SphereType Gain (dB) TSrms (dB) sacorr 

38000 

Copper (Cu) 

60mm 25.33 0.2058 0.0621 
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Figure 2.10. Results of the calibration performed on the Afrika (SCH24) on 18th 

September. (a) Calibration sphere detections and TS deviation within the acoustic beam. 

(b) Distribution of calibration gains. (c) Calibration result summary  

2.2.3 Acoustic survey protocols 

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

To maximise acoustic data quality, Refrigerated Sea Water (RSW) vessels took on board 

ballast water to aid stability of the vessel and minimise cavitation. The vessels proved to 

be very stable platforms in all the conditions experienced and at no time was the quality 

of acoustic data compromised. All other acoustic equipment was turned off to eliminate 

interference with the EK80. Only during fishing operations were other acoustic 

instruments used. A motion reference unit was installed to compensate for heave, pitch 

and roll. 

Raw acoustic data were recorded and stored on the ships PC and backed up each day on 

a portable hard disk drive for later processing. Survey log sheets were used to record haul 

position and other events relevant to aiding in the interpretation of the acoustic data. 

 

Surveys in 6aS/7b were only conducted during daylight and when weather was good.  

Survey speed was ~7 knots throughout, reduced as needed depending on weather 

conditation. Acoustic data were collected using a SIMRAD EK80 wide band combination 

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

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

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

wheelhouse.  The 38 kHz frequency only was used for survey estimates, the 200 kHz was 

used for reference and as an aid to scrutiny. All other acoustic sounders that might cause 

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

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

transect. 

2.2.4 Fishing operations for scientific samples 

In 6aN, during the acoustic surveys, selected fish marks were targeted with a fishing 

operation (Figure 2.11 to capture fish for the purposes of: 
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(i) Confirming the species identity of acoustic marks, particularly those 

suspected to be herring or to confirm that they were definitely not herring. 

(ii) Collecting samples for biological analysis and to enable disaggregation 

acoustic densities into length/age groups. 

The fishing operations of FVs were directed to take a catch of the smallest possible size 

sufficient for biological sampling.  

Scottish RSW vessels were granted a derogation to discard fish that were not required to 

be retained for biological sampling, subject to specific conditions.  

 

In 6aS7b, rather than further impacting the stock by taking samples during the survey, it 

was decided that herring samples from the fishery would be adequate to work up an 

acoustic estimate.  This was similar to the approach taken on the surveys in 2016 - 2020. 

Unlike the surveys in 2016 – 2019, no directed fishing took place during the acoustic 

survey in 2021.  All biological sampling for the survey in 2021 came from the standard 

port sampling of herring conducted by the Marine Institute with samples from the 

monitoring fishery selected as close as possible in space and time to the surveys).  (see 

O’Malley et al. 2022, Table 3 for details). 

 

 

Figure 2.11. Schematic description of fishing operation to collect a biological catch 

sample during an acoustic survey. 

 

In 2021 the Adenia and Chris Andra used a new sampling bag attached to the end of the 

herring net. The purpose of the bag is to both to ensure that a representative sample of 

the catch can be retained, while at the same time allowing for release of fish in the event 
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that the catch may be larger than required for a sample.  Track record since 2016 shows 

that these events are very rare but may occur specifically when a very dense spawning 

mark is targeted for a sample. There are benefits and drawbacks to this approach and the 

performance of the bag is very difficult to assess because it is not possible to control the 

many variables that may affect the catch. On balance, both the result that successful 

biological samples were retained and fish were observed to escape the bag when full it is 

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

Area surveyed  Vessel Transducer and 

Frequency 

Echo-

sounder 

Power 

Pulse duration 

Ping interval 

Environment Calibration 

Location/ date, 

supplier 

Survey area changes 

Strata 1 & 

2 

Chris 

Andra 

(FR228)  

Hull mounted split 

beam (38kHz), draft 

~5m 

With heave 

compensation. 

 

Furuno 

FCV-30 

@38kHz 

Power: 2000W 

Pulse duration: 1.024ms 

Pulse form: Continuous 

wave 

Ping interval  = 0.5 sec 

Temp = 10C, 

Salinity 

=35ppt, Sound 

speed 1491.5 

m/s 

Peterhead 

breakwater 4 

Sept, 

Echomaster 

Marine 

 

 

Strata 1 & 

and 2 

Afrika 

(SCH24) 

Hull mounted EK80 

at  38 kHz. 

SIMRAD 

EK80 

@38kHz 

Power: 2000W 

Pulse duration: 1.024ms 

Pulse form: Continuous 

wave 

Ping interval  = 0.5 sec 

Temp = 10C, 

Salinity 

=35ppt, Sound 

speed 1491.5 

m/s 

Ijmuiden (The 

Netherlands) 

Benoit Berges 

(WMR) 

 

 

6aS and 

7b 

Six inshore 

vessels  

Pole mounted EK80-

18 C (38 kHz) ES38C 

SIMRAD 

EK80 (38 

kHz only 

used for 

estimates

) 

Power = 500W (38kHz);  

100W (200kHz) 

Pulse duration = 1.024ms 

Ping interval  = 750mS 

Temp = 8 -

10.0˚C, Salinity 

= 35ppt,  

Sound speed = 

1490.66 m/s 

Black Head, Co. 

Clare 27th 

October 2021 
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2.2.5 Biological sampling 

The purpose of the biological sampling was to 

i. provide data on the relative abundance of each length and age class of herring, 

which is needed to make age-disaggregated acoustic abundance estimates. 

ii. determine the maturation state of herring and indicate the location and timing of 

spawning. 

iii. perform genetic analysis to identify stock ID (which is not reported here).  

 

As noted above, all biological sampling for the 6aS,7b survey in 2021 came from the 

standard port sampling of herring conducted by the Marine Institute. 

 

2.2.5.1 Haul information 

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

Information was recorded on the date, time, fishing position, depth, gear, catch 

composition, total weight of catch and weight of the sub sample taken for length 

frequency and biological sampling. To aid in processing the acoustic data, screen captures 

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

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

haul sheet, as well as 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 

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

• Weight of the catch of all species, or where the catch was too large, 3-5 randomly 

mixed baskets were taken as a sample of the catch and weighed. 

• 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). This subsample 

was used to determine lengths, weight, age and for genetic samples. (see below). 

(Figure 2.13) 
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Figure 2.12. Example screen shots of targeted marks (first panel) and those trawled on.  
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Figure 2.13. Illustration of the required catch sampling procedure. 
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2.2.5.3 Length measurements 

The length of all the herring in the subsample was measured and recorded to the nearest 

half centimetre below (e.g. if the fish was 24.7cm then it was recorded as 24.5cm). This 

data is used to determine a length frequency distribution of the catch and subsequently 

to apply an age-disaggregated estimate of biomass. Additional biological measures (next 

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

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

Each fish from was assigned an ID number so that subsequent genetic samples can be 

cross-referenced to biological data.  

 

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

• Weight in g 

• Sex  

• 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. 

• 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).  

• If the fish was from a spawning haul tissue samples were collected following 

genetic sampling protocols. 

 

2.2.6 Acoustic Analysis methods 

2.2.6.1 Echogram 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, (ii) prior experience of ‘experts’ (fishermen 

and acoustic scientists) based on their knowledge of what was caught when certain types 

http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2011/WKMSHS/WKMSHS%20Report%202011.pdf
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of fish marks were fished upon in the area in previous surveys occurring around the same 

time, and (iii) 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. Hence, 

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

surveys and between years. 

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

2.16, 2.18, 2.19): 

• 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. 

• Probably herring – aggregations/ collections of marks within reasonable 

vicinity of definite herring marks (approx. 10nm radius) and shape and 

appearance similar to definite herring marks but often associated with hard 

ground where identity cannot be confirmed by trawling.  

• Possibly herring – Marks that look like herring, but possibly isolated 

individual marks and found in areas beyond the immediate vicinity of 

confirmed herring marks. 

• Cap-hugging marks – from 2016-2018, significant marks have been observed 

on rocky outcroppings that are not possible to trawl (see examples in 2019 

report). Despite consulting acousticians and fishermen, the expert knowledge 

on these marks was inconclusive, hence they were classified separately. In 

July 2019, FV Grateful sought to identify these marks with a drop-down 

camera, the evidence from which suggests that they are not herring, but more 

likely Norway pout, juvenile gadoids and zooplankton concentrations. 

However, there is a need to verify this for the September surveys, and some 

uncertainty still remains regarding possible avoidance by herring, which we 

hope to address in future work. It is important to note that where marks on 

the sides of steep slopes of outcropping occurred, they were excluded from 

the analysis because of the possibility of being registration of acoustic side 

lobes.  

• 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 are believed to be 

sprat. Targeted hauls generally have low success rate due to fish going 
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through the net and difficulties in fishing close to the surface. Sprat schools 

tend to be sharp streak-like marks that are very dense. They can also occur in 

mixed 

• 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.   

• Horse mackerel – routinely found in the 6aN survey area. They can be 

difficult to identify and require trawl verification because they look a lot like 

herring marks, although they are generally more amorphous in shape and 

form more extended layer-like aggregations near the bottom.  

• Mackerel – The difference in frequency response from 38 to 200 KHz 

(stronger) makes mackerel easier to identify. They tend to be found in layers 

(can be at different depths) and are ubiquitous in 6aN with some mackerel 

caught in most hauls.    

 

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

have a bearing on the interpreters 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. The echograms 

were generally analysed at a threshold of -60 to70 dB. Other methods used to help 

distinguish herring marks from other fish and organisms causing backscatter included 

looking at the ‘frequency response’ (i.e. how the backscatter properties look at different 

acoustic frequencies), and the application of filters (Figure 2.14). Great attention was given 

to comparing and discussing the types of marks recorded and validated by trawls from 

all of the vessels involved in the surveys. In the end, every school was manually 

scrutinised thereafter to ensure that it was appropriately classified and delineated based 

on the available information.  

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

‘cleanness’ or separation of acoustic marks, compared to the mixed assemblages 

encountered in the 2018 and 2019.  
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Figure 2.14. Example of analysis of acoustic properties to help classify schools in 6aN from 

Alida acoustic data in 2018. 
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6aN acoustic marks recorded by Chris Andra 

(a) 

 

(b) 

haul date HER HOM MAC NOP WHG HAD SPR JELLY WHB 

Total 
Catch 
weight 
(t) 

1 07/09/2021 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0 

2 07/09/2021 0.0% 4.1% 32.7% 0.0% 0.0% 2.0% 0.0% 61.2% 0.0% 0.02 

3 07/09/2021 0.0% 0.0% 64.0% 0.0% 0.0% 0.0% 0.1% 35.9% 0.0% 0.03 

4 08/09/2021 86.0% 12.3% 1.2% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 0.04 

5 08/09/2021 13.9% 85.5% 0.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 2 

6 08/09/2021 0.0% 0.0% 42.2% 1.6% 0.0% 0.0% 0.0% 56.3% 0.0% 0.1 

7 09/09/2021 30.5% 15.1% 24.2% 0.0% 0.0% 0.0% 0.0% 30.2% 0.0% 0.02 

8 09/09/2021 21.1% 0.0% 0.0% 0.0% 0.0% 28.3% 0.0% 50.6% 0.0% 0.05 

9 09/09/2021 1.4% 0.0% 20.8% 15.6% 0.0% 0.0% 0.0% 62.3% 0.0% 0.02 

10 11/09/2021 6.4% 0.0% 36.0% 0.0% 0.3% 56.7% 0.0% 0.5% 0.0% 0.09 

11 12/09/2021 0.0% 4.9% 95.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.07 
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12 12/09/2021 0.0% 0.0% 91.9% 0.0% 0.0% 0.0% 0.0% 8.1% 0.0% 0.04 

13 13/09/2021 0.0% 0.0% 98.9% 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.09 

14 13/09/2021 97.2% 0.0% 2.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3 

15 14/09/2021 82.2% 0.0% 5.3% 0.0% 2.6% 9.9% 0.0% 0.0% 0.0% 0.07 

16 15/09/2021 7.5% 11.3% 56.6% 1.9% 0.0% 22.6% 0.0% 0.0% 0.0% 0.03 

17 19/09/2021 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 53.05 

18 20/09/2021 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 17.68 
 

Figure 2.15. Biological sampling by Chris Andra. Sample haul locations and species 

composition of catches.  
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(b) 

 

(c) 
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(d) 

 

(e) 

 

(f) 
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(g) 

 

Figure 2.16. Echograms of sample hauls from Chris Andra. (a) Acoustic mark relative 

densities (b) haul 5 . (c) haul 6 (d) haul 8. (e) haul 9. (f) haul 12& 13 (g) haul 14 
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6aN acoustic marks recorded by Afrika 

(a) 

 

(b) 

Haul Date HER MAC SPR HOM HAD WHB WHG 
catch 
weight 
(t) 

1 9/26/2021 10.0% 51.0% 0.0% 0.0% 0.0% 39.0% 0.0% 0.3 

2 9/26/2021 2.1% 55.3% 0.0% 0.0% 0.0% 42.6% 0.0% 1.7 

3 9/27/2021 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.476 

4 9/29/2021 82.4% 3.2% 0.0% 3.2% 2.3% 9.0% 0.0% 4.8 

5 9/30/2021 62.1% 23.7% 0.0% 0.0% 12.9% 0.0% 1.3% 0.144 

6 9/30/2021 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.066 
 

Figure 2.17. biological sampling by Afrika. Location and species composition of catches. 
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(a) 

 

(b) 

 
(c) 

 
(d) 
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(e) 

 
(f) 

 

Figure 2.18. Echograms of sample hauls from Afrika. (a) Acoustic marks relative 

densities (b) haul 1 . (c) haul 2. (d) haul 3. (e) haul 4. (f) haul 5.  
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6aS/7b acoustic marks  

(a) 

 

(b) 

 

(c) 

 

(d) 
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(e) 

 

(f) 

 

(g) 

 

Figure 2.19. (a) 6aS/7b industry acoustic survey on 03/12/2021: A series of very strong 

herring marks (38 kHz) in Lough Foyle, Co. Donegal (ICES area 6aS). Water depth max ~ 

15m approximately. (b) 6aS/7b industry acoustic survey on 03/12/2021: A series of very 

strong herring marks (38 kHz) midwater in Lough Foyle, Co. Donegal (ICES area 6aS). 

Water depth max ~ 15m approximately. (c) 6aS/7b industry acoustic survey on 02/12/2021: 

A series of strong herring marks (38 kHz) midwater in Lough Swilly, Co. Donegal (ICES 

area 6aS). Water depth max ~ 25m approximately. (d). 6aS/7b industry acoustic survey on 

02/12/2021: A continuous strong herring aggregation (38 kHz) for miles in Lough Swilly, 

Co. Donegal (ICES area 6aS). Water depth max ~ 18m approximately. (e) 6aS/7b industry 
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acoustic survey on 17/12/2021: A series of strong herring marks (38 kHz) in Bruckless Bay, 

Co. Donegal (ICES area 6aS), close to a mussel farm. Water depth max ~ 20m 

approximately. (f) 6aS/7b industry acoustic survey on 16/12/2021: Herring marks (38 kHz) 

in midwater in Inver Bay, Co. Donegal (ICES area 6aS). Water depth max ~ 15m 

approximately. (g) 6aS/7b industry acoustic survey on 17/12/2021: A series of strong 

herring marks (38 kHz) tight to the bottom in Fintra/Teelin Bay strata (SE Inishduff and 

south of Drumanoo Head - ICES area 6aS). Water depth max ~ 45m approximately. 

 

2.2.6.2 Age disaggregated abundance estimation 

The process for estimating abundance and biomass from the acoustic data is shown in 

Figure 2.20, with additional description given below. 

 

Figure 2.20. 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 
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The StoX software (Johnsen et al, 2019)2 (version 3.1.0 

(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). Coefficient of variance (CV) estimates of biomass and abundance for the 

survey strata and the overall strata areas combined were generated using the RStox 

framework package (version 3.1.0).  

The scrutinisation of the echograms was first performed using the LSSS or Echoview post-

processing software and Nautical Area Scattering Coefficient values assigned to herring 

marks were exported for each 1nm cell. Then, the calculation of age disaggregated 

abundance was as follows: 

1. Define survey strata.  In 6aN, two strata were defined (Figure 2.6). In 6aS/7b, 6 

core strata were defined in 2020 (Figure 2.7).   

2. 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. The allocation of trawls to each transect is shown in Figure 

2.21.  In 2021 the decision was made to use the Afrika acoustic data and a 

combination of Afrika and Chris Andra biological samples. This rationale for this 

was (i) to  maintain consistency in acoustic data  (following some concern over 

comparability between Chris Andra FCV-30 and Afrika EK80 acoustic data), (ii) to 

utilise the more extensive sampling from Chris Andra and avoid overinflation of 

young ages in S2 from applying poor samples from Afrika in S1 – noting that  

comparison of the good samples from both vessels showed very similar age 

distribution, (iii) the results that independent abundance estimates were very 

similar, so the final estimate would fall close anyway. 

3. Expected backscattering cross section of fish in each length group. The mean 

acoustic backscattering cross-section “sigma” (σbs) 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) 

 
2 http://www.imr.no/forskning/prosjekter/stox/nb-no 

http://www.imr.no/forskning/prosjekter/stox/nb-no
http://www.imr.no/forskning/prosjekter/stox/nb-no
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relationship used to calculate the mean acoustic backscattering cross-sections for 

herring is:  

 

TS = 20log10 (L) – 71.2   [at 38 kHz] for herring 

TS = 20log10 (L) – 67.5   [at 38 kHz] for horse mackerel 

TS =   20log10 (L) – 76 dB   [at 120 kHz] for herring 

 

and the mean acoustic backscattering cross section is: 

     sp =4.10(TS/10) 

 

4. 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 

(m2/nmi2), within each Elementary Distance Sampling Unit (EDSU, here =1nmi or 

0.5nmi) on each transect by the length-specific σbs (acoustic fish backscatter) 

assigned to the transect, then averaging over the EDSUs.  

5. Numbers of herring in a single stratum & total numbers. For each length group, 

a weighted average (weighted by transect length) of the mean density of herring 

in each transect is multiplied by the area of the stratum. Total numbers at length is 

the sum for each stratum. 

6. The numbers and biomass per age & maturity class.  Trawl data on the 

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 2.5) (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). 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 

http://www.ices.dk/sites/pub/Publication%20Reports/Expert%20Group%20Report/acom/2011/WKMSHS/WKMSHS%20Report%202011.pdf
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transect and associated biological information, to estimate fish numbers at length 

in each stratum).  

8. Choosing the best estimate from replicates. In the 6aN, where replicate acoustic 

surveys were conducted for each stratum, the maximum biomass estimate of these 

was chosen as the best estimate. 

 

Acoustic data were recorded on hard-drives at sea and uploaded to network facilities back 

at the laboratory. The acoustic metadata and cleaned post-processed EV files are stored 

on the SPFA’s secure cloud storage, WMR network drives and in Marine Scotland Science 

data base following established procedures. 6aS/7b raw and processed data are stored at 

the Marine Institute, Ireland. Estimates of NASC values and biological sample data from 

the surveys are stored in the ICES acoustic database, since surveys began in 2016. 

 

Figure 2.21. Acoustic transects and haul identifiers used in analyses and assignment of 

biostations. 
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Table 2.5. 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)) 

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) 

  

 

2.1 Stock identity separation 

2.1.1 Sampling design, key requirements 

Samples for stock discrimination between 6aN and 6aS/7b included specific catch samples 

taken for morphometric and genetic sampling. In 2021, no samples were collected for 

morphometric analysis. 

Key requirements: 

• 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 small hauls, rather than a few large ones.  

• 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 genetic sampling was undertaken by the vessels undertaking acoustic surveys. In 

6aS/7b 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. 

 

2.1.2  Catch sampling procedure for genetic and morphometric samples 
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• 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. 

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

• For morphometric samples: 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). 

• 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. 

 

2.1.3 Morphometric Survey protocols 

Morphometric analyses were not performed in the 2021 surveys. 

2.1.4 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 cm3 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). 
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2.1.5 Genetic Analysis being undertaken in 2021 

In December 2020 University College Dublin (UCD), the Marine Institute (MI) and 

Marine Scotland Science (MSS) completed the European Commission’s Executive 

Agency for Small and Medium-sized Enterprises (EASME) funded project entitled 

‘Herring in Divisions 6.a, 7.b and 7.c: Scientific Assessment of the Identity of the Southern 

and Northern Stocks through Genetic and Morphometric Analysis’. The final report 

(Farrell et al. 202) detailed a method for the genetic assignment of mixed samples from 

the Malin Shelf Herring Acoustic Survey (MSHAS) back to their population of origin, 

which will enable separate survey indices to be developed for the 6aN autumn spawning 

stock and the 6aS stock. The report, which included genetic analyses of the 2014-2019 

MSHAS samples, was reviewed by the Stock Identification Methods Working Group 

(SIMWG) to ensure the robustness of the results. 

Prior to the commencement of the Benchmark Workshop on North Sea and Celtic Sea 

stocks (WKNSCS 2022), which included the 6.a, 7.b-c herring stocks, it was possible to 

undertake additional analyses in order to fill potential data gaps identified during the 

EASME project. A list of potential additional samples to be analysed was circulated for 

discussion by Edward Farrell (EDF Scientific) in December 2020 to the MI (Marine 

Institute), MSS (Marine Scotland Science), Killybegs Fishermen’s Organisation (KFO), 

Scottish Pelagic Fishermen’s Association (SPFA) and the Pelagic Freezer-trawler 

Association (PFA). The list was divided into samples that could provide quantitative data 

to the benchmark assessment process and samples that could provide qualitative 

information related to the biology and distribution of the different herring populations 

in Division 6a. The prioritisation of samples was discussed in detail with the 2021 work 

programme to be conducted by EDF Scientific, with genotyping of samples with the 

panel of markers developed during the EASME project contracted to a commercial 

provider, IdentiGEN, Dublin. The work programme was funded through a collaboration 

between the MI, KFO, SPFA and PFA. The details of the proposed samples were included 

in the 2020 survey report (Mackinson et al., 2021). In short it was agreed to analyse; 

additional baseline samples in order to resolve an outstanding maturity staging issue, 

the 2020 and 2021 MSHAS samples and relevant 2020/2021 industry survey and 

monitoring fishery samples.  

No provision was made for the analysis of 2021/2022 industry survey and monitoring 

fishery samples.  

2.1.6 Data storage 

Data from genetic analyses will be stored in the Marine Institute. 
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2.2 Age composition of the commercial catch 

Following continued concern over the poor state of the stock, industry reiterated their 

wish to minimise commercial catches in 6aN in 2021 to a bare minimum, proposing that 

the only removal of herring from 6aN should be limited to sample hauls during the 

acoustic surveys. Arrangements were made for Afrika to take payment for the survey 

from North Sea herring scientific quota.   For Adenia and Chris Andra, Marine Scotland 

made provision for payment of 6a herring monitoring TAC, citing the need to maintain 

the commercial catch time series for the purpose of stock assessment (see below in italics). 

It was specified by Marine Scotland that all efforts should be made to uptake the allocated 

monitoring TAC of 640t for each vessel, and efforts were made to do so. Despite 

considerable effort searching Chris Andra was only able to take up ~60t of its allocation 

of 6a herring.  

In 6aS7b, the allocated monitoring TAC was taken up by small inshore boats as in 

previous year, with samples collected from the boats provided to determine the biological 

composition of the 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 “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 

rectangle 

Area 

(nm2) 

Area weighted 

no. samples 

per survey 

area 

Approx equal 

weighted no. 

samples per 

survey area 

6a North Area 1(Pre-spawn) 47E5,48E5 1827 13 8 

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 

Donegal) 

39E2, '39E1 2052 11 9 
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6a South/ 7b,c Area 6  (West 

Donegal) 

38E1 1039 6 8 

 

2.2.1 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).  

 

2.2.2 Data storage 

Data are stored on dedicated dropbox owned by SPFA and acoustic data submitted to 

ICES databased and stored Marine Scotland Science survey database following 

established procedures. 
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3 Results 

3.1 Sampling summary  

3.1.1 Sampling statistics 6aN  

In 6aN the survey vessels covered strata 1 and 2 between the between 6-29th September, 

making a total of 23 hauls (18 Chris Andra, 5 Afrika) for biological sampling resulting in 

biological information collected from a total of 525 herring.    

Length distributions of herring from both vessels revealed similar size distributions found 

across all samples (Figure 3.1, 3.2), with a good spread of sizes and ages recorded (Figure 

3.3).  

All maturity data were converted into a common six point scale, in which stage 1 is 

immature, stage 2 is ripening, stage 3 is spawning and stage 4 is spent or resting. 

Spawning ready herring were recorded and genetic samples taken to inform the genetic 

baseline (Figure 3.4, 3.5). 

Maps of the relative acoustic density, and locations of hauls whose biological data was 

used in for the estimation of the biomass of herring in 6aN are shown in Figure 3.6, Table 

3.1. 

 

Figure 3.1. Herring length frequencies for the sample hauls taken by the Chris Andra 

and Afrika. 
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Figure 3.2. Herring weight length for the sample hauls taken by the Chris Andra and 

Afrika. Red circle markers are data from each individual surveys and grey circle 

markers are those combined for both surveys. 
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Figure 3.3. Herring age length keys for the sample hauls taken by the Chris Andra and 

Afrika. Red circle markers are data from each individual surveys and grey circle 

markers are those combined for both surveys 
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Figure 3.4. Herring maturity scales for the sample hauls taken by the Chris Andra and 

Afrika. Individuals with maturity stages 3 and 4 are considered spawners. 
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Figure 3.5. Proportion of maturity stage by date. Maturity stage 3 refers to spawning 

herring. 

 

 

Figure 3.6. Maps of relative acoustic density in the two surveys. 
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Table 3.1. Haul information and catch composition for hauls relevant to the analysis of the acoustic surveys in 6aN. 

   
 

Position  Catch (kg)         

name haul date haultype plot_lon plot_lat HER MAC HOM WHG HAD NOP SPR WHB Jelly 

Chris 

Andra 

1 07/09/2021 S -5.48 58.43 
         

 2 07/09/2021 S -5.25 58.45 
 

8 1 
 

1 
   

15 

 3 07/09/2021 S -5.70 58.53 
 

18 
  

0 0 0 
 

10 

 4 08/09/2021 S -5.73 58.57 35 1 5 
 

0 
   

0 

 5 08/09/2021 S -5.70 58.57 277 12 1710 
    

1 0 

 6 08/09/2021 S -5.32 58.65 0 41 
   

2 
  

54 

 7 09/09/2021 S -5.47 58.68 5 4 3 
     

5 

 8 09/09/2021 S -5.33 58.80 10 
   

14 
   

25 

 9 09/09/2021 S -6.03 58.75 0 4 
   

3 
  

12 

 10 11/09/2021 S -4.37 58.73 6 33 
 

0 52 
   

1 

 11 12/09/2021 S -4.17 58.80 
 

68 4 
      

 12 12/09/2021 S -5.45 58.77 
 

34 
      

3 

 13 13/09/2021 S -5.38 58.70 
 

90 
   

1 
   

 14 13/09/2021 S -5.40 58.63 2915 85 
       

 15 14/09/2021 S -5.72 58.57 54 4 
 

2 7 
    

 16 15/09/2021 S -5.45 58.40 2 15 3 0 6 1 
   

 17 19/09/2021 C -4.17 58.80 53051 
        

 18 20/09/2021 C -4.17 58.80 17684 
        

Afrika 25 26/09/2021 S -5.52 58.42 29 143 
     

114 
 

 26 26/09/2021 S -5.52 58.53 165 824 
     

659 
 

 27 27/09/2021 S -5.48 58.62 
 

3472 
       

 28 29/09/2021 S -5.62 58.55 4842 312 21 44 88 
  

935 
 

 29 30/09/2021 S 
  

120 
   

22 
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3.1.2 Sampling statistics 6aS/7bc 

Approximately 300nmi of survey track were completed successfully over six surveys in 

the core areas. 161 nmi of survey tracks encompassing 102 individual transects were used 

in the analysis (Table 10).  Transects from survey tracks were selected to achieve 

approximately equal spacing between parallel transects in each strata.  Data collected on 

survey tracks during searching or inter-transects were eliminated during the 

scrutinisation process (Figure 3).  There were 6 strata areas selected for survey abundance 

estimation (Lough Swilly, Lough Foyle, Bruckless Bay, Inver Bay, Fintra Bay, and Teelin 

Bay).   This resulted in a total area coverage of approximately 65.04 nmi² (2020 = 66.26 

nmi²). A total of 16 biological samples were obtained from commercial tows on herring 

during the fishery).   

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 3.2 & 3.3. 

The location of hauls and samples from the fishery is shown in Figure 3.7.  The monitoring 

fishery in 6aS/7b began in early November and continued throughout the survey period.  

Most of the fishing activity was inshore in shallow water.  The samples from the fishery 

were deemed appropriate and were of sufficient quality to be used in the survey estimates 

 

Figure 3.7. 6aS/7b industry acoustic survey in 2021: distribution of biological samples 

from the monitoring fishery (1-16).  
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Figure 3.8a. 6aS/7b industry acoustic survey in 2021: distribution of NASC (m2/nmi2) 

allocated to herring.  The 6 core areas in 2020 included: Lough Swilly, Lough Foyle, 

Bruckless Bay, Fintra Bay, Inver Bay and Teelin Bay. 

 
 

 
 

Lough Swilly and Lough Foyle 

 

 
Fintra Bay, Teelin Bay, Bruckless Bay and Inver Bay 
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Table 3.2. 6aS/7b industry acoustic survey in 2021: details and number of biological 

samples from the hauls used in the survey estimates. 

Haul 

no. 

Date ICES 

area 

Ground Measured  Otoliths Gear 

1 09/11/2021 6aS Lough Swilly 322 58 Single trawl  

2 09/11/2021 6aS Lough Swilly 333 57 Pair trawl  

3 09/11/2021 6aS Lough Swilly 201 48 Pair trawl  

4 23/11/2021 6aS Lough Swilly 350 57 Single trawl 

5 24/11/2021 6aS Lough Foyle 328 193 Single trawl 

6 29/11/2021 6aS Lough Foyle 163 54 Single trawl 

7 29/11/2021 6aS Lough Foyle 334 70 Single trawl  

8 05/12/2021 6aS Inver Bay 283 51 Ring net 

9 12/12/2021 6aS Bruckless Bay 312 51 Pair trawl 

10 13/12/2021 6aS Bruckless Bay 294 60 Single trawl  

11 13/12/2021 6aS Bruckless Bay 306 52 Pair trawl  

12 14/12/2021 6aS Bruckless Bay 334 55 Single trawl  

13 16/12/2021 6aS Inver Bay 312 55 Pair trawl 

14 20/12/2021 6aS SE Inishduff 288 49 Pair trawl 

15 20/12/2021 6aS SE Inishduff 329 55 Pair trawl 

16 20/12/2021 6aS SE Inishduff 343 57 Pair trawl 
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Figure 3.9a. 6aS/7b industry acoustic survey in 2021: relative length (cm) frequency 

distributions of herring in each haul that contained herring. 
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Figure 3.9b. 6aS/7b industry acoustic survey in 2021: relative age (-wr) frequency 

distributions of herring in each haul. 
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Figure 3.10. 6aS/7b industry acoustic survey in 2021: weight at length and age at length of 

herring. 

 

The 2- and 3-winter ring (-wr) age class of herring accounted for 74% of the overall 

numbers (2-wr ~ 18% and 3-wr ~56%) in 2021 (Table 3.3a).  This follows on from 2020 

when 54% of the overall numbers were 2-wr (32%) and 3-wr (22%). The 1-wr age class of 

herring were found in very low numbers (< 1%).   The 4-wr in 2021 made up 13% of the 

numbers, followed by 5-wr fish at 6%.   The relatively strong 6-wr age class that showed 

in 2020 at 12%, is still showing a slight peak, but was only 3% in 2021.  Maturity at age 

for 6aS/7b herring is shown in Table 3.3b. Approximately 81% of 1-wr herring were 

immature, but 1-wr herring were found in low numbers in 2021.  1.4% of 2-wr herring 

were immature, in line with other years. Maturity scales used for herring are shown in 

Table 2.4. 

 

Table 3.3a. 6aS/7b industry acoustic survey in 2021: relative age (wr) distribution for 

6aS/7b herring in 2020. 

Age (winter rings) Relative age distribution (%) 

Herring 

0 0.00 

1 0.19 

2 17.59 

3 56.37 

4 12.79 

5 6.06 

6 2.96 

7 3.16 

8 0.74 

9 0.08 

10 0.03 

11 0.02 
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Table 3.3b. 6aS/7b industry acoustic survey in 2021: maturity at age for 6aS/7b herring in 

2020. 

Age (winter rings) Immature (%) Mature (%) 

0 100 0 

1 81.2 18.8 

2 1.4 98.6 

3 0 100 

4 0 100 

5 0 100 

6 0 100 

7 0 100 

8 0 100 

9 0 100 

10 0 100 

 

 

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.   

3.2.1 6aN 

3.2.1.1 2021 results 

Results pertain to the combined analyses where Afrika and Chris Andra biological 

samples were applied to the analysis of acoustic data from Afrika (see section 2.2.6.2).  

A summary table for the entire surveyed area (Table 3.4) and breakdown for each area 

(Table 3.5) is followed by a summary of the maximum biomass recorded in each of the 

surveyed areas, including the CV of the biomass estimate (Table 3.6). CVs on biomass 

estimates are highest where the biomass estimates are derived from few concentrated 
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marks occurring over a limited number of transects, and lower where marks are more 

evenly spread across the area. CVs on abundance at age were better than previous years 

indicating better sampling, particularly in Strata 1 (Figure 3.19). 

 

Table 3.4. Combined results for all strata covered in 2021. (Figures in bold are weighted 

averages based on the numbers in each age group). 

Results for all strata combined 2021 

Age (ring) Numbers (mill) Biomass (kt) Maturity  Mean Weight (g) Mean Length (cm) 

0 0 0.0     

1 4 0.5 0.86 120.5 24.4 

2 16 2.3 0.98 142.7 25.3 

3 13 2.1 1.00 170.4 26.9 

4 2 0.3 1.00 174.9 26.9 

5 2 0.4 1.00 188.2 27.6 

6 3 0.6 1.00 211.0 28.7 

7 3 0.6 1.00 209.9 28.7 

8 0 0.1 1.00 219.6 29.0 

9+ 0.5 0.1 1.00 240.8 30.2 

Immature 1 0.092   94.2 22.0 

Mature 42 7   164.0 26.5 

Spawning 2 0       

unknown 0 0       

Total 43 7.01 0.98 162.4 26.4 

 

Table 3.5. Strata summary 2021 

 Strata summary 2021 

Strata Abundance (mill) Biomass (kt) Mean length (cm) Mean weight (g) % Mature 

Strata 1 30 4.8 26.5 161.8 0.97 

Strata 2 13.3 2.2 26.1 163.8 1.00 

TOTAL 43 7.01       
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Figure 3.11. Combined abundance at age and per strata for 2021. 

 

 

Table 3.6. Summary CV estimates for survey areas in 2021. 

Ton by stratum Ton.5% Ton.50% Ton.95% Ton.mean Ton.sd Ton.cv 

Strata1 2116 4551 6916 4534 1445 0.32 

Strata2 505 2087 4590 2245 1305 0.58 

       

Total number by 

stratum (mill) 

Ab.Sum.5% Ab.Sum.50% Ab.Sum.95% Ab.Sum.mean Ab.Sum.sd Ab.Sum.cv 

Strata1 13381475 28051923 42505809 28099302 8722763 0.31 

Strata2 3086283 12748278 28020869 13715250 7974065 0.58 

       

Ton by survey Ton.5% Ton.50% Ton.95% Ton.mean Ton.sd Ton.cv 

 2612 5923 10738 6189 2447 0.40 

       

Total number by 

survey (mill) 

Ab.Sum.5% Ab.Sum.50% Ab.Sum.95% Ab.Sum.mean Ab.Sum.sd Ab.Sum.cv 

 16623797 36552112 65509337 38207441 14856652 0.39 
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3.2.1.2 Historical perspective on 6aN 

Pelagic industry and scientific institutions from Scotland, Ireland, Northern Ireland, The 

Netherlands, and England have worked closely together since 2016 to undertake scientific 

surveys on herring stocks in 6aN and 6aS,7bc. These surveys were conducted during pre-

spawning and spawning time, with the aim of providing relevant data and information 

to ICES to assist in determining the identity of stocks and assessing their status. 

The principal purpose of the acoustic survey is to provide an index of abundance and 

biomass for all mature stages and ages of herring, and a separate index for those in 

spawning condition (ICES maturity scale stage 3-4, Marine Scotland scale 5-7). The utility 

of the ‘6aSPAWN’ acoustic indices that was evaluated in the benchmark assessment in 

February 2022 (REF).  

A summary of the surveys and how the design and implementation has adapted over 

time is provided in the report of the ICES Workshop on Herring Acoustic Spawning 

Surveys (WKHASS). The review by WKHASS reflected on how survey designs had 

evolved to explore appropriate timing and spatial containment, and investigated how the 

designs and sources of uncertainty affected CVs of the abundance estimates and sampling 

precision. This insight together with experience from the Irish Sea spawning surveys (7a) 

were particularly helpful in thinking about design refinements that would help to provide 

a useful index of herring abundance during spawning time.  

For 6aN, it was concluded that an analysis focussing on areas 2 & 3 (labelled as such from 

2016-2019), would provide the best candidates for such indices. The newly-defined focal 

strata (labelled 1 & 2) incorporate parts of the original survey areas 2,3 & 5 (Figure 2.5).  

All acoustic data from 2016-2021 pertaining to Strata 1 and 2 was analysed to provide 

acoustic indices for the 6a7bc herring benchmark (Mackinson and Berges 2022).  

This section provides an overview of the results, showing the following: 

• Distribution of acoustic density of herring (Figure 3.13) 

• Abundance indices for all ages (Figure 3.14) 

• Abundance estimate by length group and age (Figure 3.15) 

• Abundance per year class (Figure 3.16) 

• Abundance indices for mature and immature components (Figure 3.17) 
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• Biomass indices for maturity herring (SSB) and spawning ready herring 

(Spawner biomass (Figure 3.18) 

• CV estimates for the abundance and biomass indices (Figure 3.19, 3.20) 

• Biological indices – length, maturity and weight-at-age (Figure 3.21) 

• Comparisons with WoS acoustic survey index (Figure 3.22 and Figure 3.23) 

 

 

Figure 3.13. Herring acoustic density distribution (NASC) for the surveys in 6aN from 

2016 to 2021. 
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Figure 3.14. Historical abundance at age for 2016-2021.   
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Figure 3.15. Abundance estimate by length group (1 cm bins) and age (winter rings) 

since 2016-2021.  
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Figure 3.16. Indices at age (winter rings) and year from 2016 to 2021. Note diverging 

scales of abundance between ages. 
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Figure 3.17. Historical abundance of mature and immature individuals. 
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Figure 3.18. Historical SSB and biomass of spawners. Spawners are individuals at 

maturity stage 3 and 4. 

 

 

Figure 3.19. Historical CV per strata for abundance at age and biomass at age. 
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Figure 3.20. Historical CV in abundance at age, biomass and SSB. CV for the abundance 

at age and biomass is calculated as the mean across ages. 
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Figure 3.21. Historical biological parameters at age. 
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(a) 
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 (b) 
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Figure 3.22. Comparison of abundance at age for the 6aSPAWN and West of Scotland 

(WoS) and MSAS _vian split index surveys. (a) time series index,  (b) correlations 

(6aSPAWN-WoS left) (6aSPAWN-MSAS_vian right) 

 

3.2.2 6aS/7b  

The survey in 2021 was not designed to contain the 6aS/7b stock in its entirety, however, 

the pre-determined core areas were covered as planned and containment most likely 

achieved within these discrete areas.  Therefore, the survey estimates from the 2021 

survey are likely to be minimum estimates for the stock in this area at this time of the year. 

There was hyper-aggregating behaviour and shallow distribution (<15m) of herring in all 

areas, similar to previous years.  These fish were primarily in the middle of the channel(s) 

in both Lough Foyle and Lough Swilly, with little or no marks of fish observed in the 

shallow edges of either area.  The marks in Bruckless and Fintra/Teelin (SE of Inishduff) 

were very strong and localised and therefore difficult to survey, leading to high CVs in 

these areas. 

The estimated total stock biomass (TSB), number at age (TSN), numbers at length class 

and mean weight of herring found in each of the survey strata areas is shown in Tables 

3.7 and CV estimates in Table 3.8.  

The 6 core area surveys were treated as 5 separate strata within StoX (Lough Foyle, Lough 

Swilly, Bruckless Bay, Inver Bay and Fintra/Teelin Bay combined).  The TSB estimate of 

herring for the combined 6aS/7b area was 35,944 tonnes (Lough Foyle = 8,255 tonnes, 

Lough Swilly = 5,792 tonnes, Bruckless Bay = 3,296 tonnes, Inver Bay = 1,191 tonnes and 

Fintra/Teelin Bay = 17,408 tonnes).   

 

 

Table 3.7. 6aS/7b industry acoustic survey in 2021: age-disaggregated estimate of herring 

in the total survey area. The total estimated TSB for the combined survey areas = 35,944 

tonnes 
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Table 3.8. 6aS/7b industry acoustic survey in 2021: Area coverage and number of transects 

per strata 

Strata Strata area 

(nmi2) 

No. of 

transects 

Transect 

length 

realised 

(nmi) 

CV on 

abundance 

estimate 

Lough Foyle 12.04 27 35.3 0.36 

Lough Swilly 21.45 31 43.7 0.26 

Bruckless Bay 5.95 12 10.6 0.70 

Fintra/Teelin 

Bay 

19.42 14 39.2 0.46 

Inver Bay 6.17 18 22.6 0.33 

 

3.2.2.1 Historical perspective on 6aS7b 

The time series of age disaggregated herring data for the industry acoustic survey is 

shown in table 3.9 and 3.10, with CVs in Table 3.11. 

Table 3.9. 6aS/7b industry acoustic survey in 2021: TSB and age-disaggregated (-wr) 

numbers at age of TSB herring (‘000) from the industry acoustic survey 2016 – 2021. Note: 

2019 - 2021 survey area coverage significantly less than 2016 – 2018. 

 

total length (cm) 1 2 3 4 5 6 7 8 9 10 11 abundance biomass (t) mean weight (g) 

21 62048 0 0 0 0 0 0 0 0 0 0 62048 4 70

21.5 33317 111145 0 0 0 0 0 0 0 0 0 144462 10 69

22 85714 765914 0 0 0 0 0 0 0 0 0 659500 68 80

22.5 0 1799319 0 0 0 0 0 0 0 0 0 1683862 150 83

23 0 4870031 457897 0 0 0 0 0 0 0 0 5100874 473 89

23.5 327197 8860544 2105873 0 0 0 0 0 0 0 0 10722855 1124 100

24 0 11424416 5417058 0 0 0 0 0 0 0 0 16841474 1785 106

24.5 0 9506536 19975482 273566 0 0 0 0 0 0 0 29755584 3404 114

25 0 8760350 29372665 1866015 0 0 0 0 0 0 0 39999030 4873 122

25.5 0 779604 42482564 6576528 462475 0 0 0 0 0 0 50301172 6480 129

26 0 0 33596638 5715834 2382432 1388512 0 0 0 0 0 43083416 5955 138

26.5 0 787348 12589047 9605138 4022602 1283193 263103 0 0 0 0 28550431 4139 145

27 0 543555 6757728 6794307 4533647 857531 0 0 0 0 0 19486768 2953 152

27.5 0 84487 1405344 3155545 3039120 1747790 2076781 242086 221004 0 0 11972157 1884 157

28 0 0 299660 667361 1771841 2474187 2432350 396401 0 0 0 8041800 1369 170

28.5 0 0 0 454738 321502 185999 2235573 635092 0 71001 58359 3962264 708 179

29 0 0 285905 0 0 128879 1313158 489270 0 0 0 2217212 406 183

29.5 0 0 0 0 0 0 370105 278552 0 0 0 648657 127 196

30 0 0 0 0 0 62980 0 0 0 0 0 62980 12 195

31 0 0 0 0 111145 0 0 0 0 0 0 111145 21 186

TSN ('000) 95 47601 154746 35109 16645 8129 8691 2041 221 71 58 273408

TSB (t) 38 5108 20043 4953 2558 1309 1520 356 36 12 10 35944

SSB (t) 7 5055 20043 4953 2558 1309 1520 356 36 12 10 35859

mean length (cm) 22.81 24.10 25.47 26.38 26.95 27.25 28.18 28.54 27.87 28.50 28.50

mean weight (g) 75 106 130 141 154 161 175 175 163 171 164
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Year 1 2 3 4 5 6 7 8 9 10 TSB 

2016 7,284 34,055 71,229 15,781 46,066 31,877 14,956 2,244 0 0 35,475 

2017 587 45,184 91,109 54,292 17,021 39,439 21,321 13,938 1,998 387 40,646 

2018 655 59,268 66,776 101,824 67,951 20,334 23,443 4,336 931 672 50,145 

2019* 54,629 56,772 31,590 17,911 24,616 14,358 10,123 2,162 2,907 347 25,289 

2020** 8,259 115,831 79,244 54,039 34,449 44,226 19,789 3,953 2,745 350 45,046 

2021** 508 48,293 154,745 35,109 16,644 8,129 8,691 2,041 221 129 35,944 

*Reduced survey area in 2019 due to poor weather, only Lough Swilly and partial Donegal Bay covered 

** Survey design changed significantly compared to other years, only 6 core areas covered 

 

 

Table 3.10. 6aS/7b industry acoustic survey in 2021: SSB and age-disaggregated (-wr) 

numbers at age of SSB herring (‘000) from the industry acoustic survey 2016 – 2021. Note: 

2019 - 2021 survey area coverage significantly less than 2016 – 2018. 

 

Year 1 2 3 4 5 6 7 8 9 10 SSB 

2016 1,894 34,048 71,229 15,781 46,066 31,877 14,956 2,244 0 0 35,038 

2017 194 42,157 89,924 54,075 17,021 39,439 21,321 13,938 1,998 387 40,132 

2018 328 56,127 66,242 101,500 67,951 20,334 23,443 4,336 931 672 49,523 

2019* 14,438 50,961 30,869 17,911 24,616 14,358 9,972 2,162 2,907 347 22,386 

2020** 694 109,856 79,184 54,039 34,449 44,225 19,789 3,953 2,745 350 44,107 

2021** 95 47,600 154,745 35,109 16,644 8,129 8,691 2,041 221 129 35,859 

*Reduced survey area in 2019 due to poor weather, only Lough Swilly and partial Donegal Bay covered 

** Survey design changed significantly compared to other years, only 6 core areas covered 

Table 3.11. 6aS/7b industry acoustic survey in 2021: CV estimates for the surveys 2016-

2021. Note: 2019 - 2021 survey area coverage significantly less than 2016 – 2018. 
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Year CV 

2016 0.37 

2017 0.51 

2018 0.51 

2019* 0.17 

2020** 0.34 

2021** 0.23 

*Reduced survey area in 2019 due to poor weather, only Lough Swilly and partial Donegal Bay covered 

** Survey design changed significantly compared to other years, only 6 core areas covered 

 

 

3.3 Stock identity separation 

3.3.1  The EASME herring report 

The final report of the EASME project (Farrell et al., 2021) was reviewed by the Stock 

Identification Methods Working Group (SIMWG), who concluded that ‘the study should 

serve as an example of good practice for optimal use of existing resources and result 

reproducibility’, ‘the methodology is rigorous throughout’ and ‘there is no doubt in SIMWG that 

the (genetic) approaches presented can be used to’:  

1. Distinguish the 6aS late winter spawners from the 6aN autumn spawners;  

2. Distinguish, more subtly, the spring-spawning contingent in 6aN from 6aS (even though 

the relatedness between these two is high); 

3. Confirm essentially the ‘North Sea nature’ of the 6aN autumn spawners;  

4.  Assess the mixed MSHAS catches (which appear primarily composed of 6aS fish, with the 

proportion of autumn-spawning fish increasing as one moves north-east towards Cape 

Wrath and the Orkneys). 

 

3.3.2 Additional analyses undertaken in 2021 

The additional genetic analyses of baseline samples did not fully resolve the maturity 

staging issue and thus no samples could be objectively removed from the baseline 

established during the EASME project. Instead, the additional samples were added to 
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the baseline dataset and the assignment model was retrained as described in Farrell et 

al. (submitted). The revised model was used to perform the assignments of the MSHAS 

samples 2014-2020, which were the basis for the splitting of the MSHAS survey indices 

(see O’Malley et al., 2022). In addition, the 2021 MSHAS were also analysed and assigned 

following the established protocol. These data will be used in the assessment of the 

stocks at ICES HAWG 2022 (Figure **).  

 

Figure **. The genetic assignment of the 2021 MSHAS samples following Approach 1 and 

Approach 2 of the assignment model described in Farrell et al. (submitted).  

 

 

3.4 Age composition of the commercial catch 

3.4.1 Commercial catch dates 

Table 3.22.  Timing of the commercial fisheries. 

2016 2017 2018 2019 2020 2021 

New moon  1 

Sept, waxing 

to ½ moon on 

9 Sept. Lowest 

tide exchange 

10 Sept 

Full moon 6 

Sept, waning to 

½ moon 13 

Sept 

½ moon 17 Sept, 

lowest tide exchange 

18 Sept. Full moon 

25 Sept. 

Full moon 14 Sept, 

½ moon 22 Sept, 

lowest tide 

exchange 23 Sept. 

New moon 28 Sept.  

 Half-moon 13 

Sept. New 

moon 21 Sept. 

Lowest tidal 

exchange 15 

Sept. 
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Quantus 

(area 2, 6-9 

Sept) 

 

Unity (area 2, 

6-8 Sept) 

 

Zephyr (area  

Lunar Bow 

(area 3, 6 Sept) 

Sunbeam 

(area 3, 4-12 

Sept) 

Antares (area 

3, 9 Sept) 

Wirons (area 

3, 2-7 Sept) 

Dirk Dirk 

(area 3, 6 sept) 

area 1, 15-19 

Sept at 4 

degree line) 

and  

Kings Cross (area 

2) - 17-18 Sept 

Voyager (area 2) -

25 Sept 

Unity (area 2) 16 

Sept 

ChristinaS - 18 

Sept 

Wiron (Area 5) 21-

24 Sept. (Area 2) 

24-29 Sept 

Dirk Dirk  (Area 2 

and 1 ish, on 4 

degree line) – 28 

Sept, 2-3 Oct 

Alida – (Area 3, 

11-15 Sept)   

(Area 2, 15-16 

Sept) 

 

Pathway (area 3) 

12/9/18. (no 

spawning 

ready fish) 

Wiron 29 Sept-5 

Oct ~(area 3) 

(no spawning 

ready fish) 

Dirk Dirk (21-25 

Sept) Area 3 

and NW of 

Lewis. 

Alida 13/8/20 

outside of 

survey area 

and time. 

(no 

spawning 

ready fish. 

Chris 

Andra 16-

24th 

September 

(North 

coast and 

just west 

of Cape 

wrath .L 

limited 

marks 

found) 

 

 

3.4.2 Catch-at-age matrix (text directly from ICES HAWG 2022 report, Section 04 and 

05, ICES 2022b) 

The current data-limited assessments for 6aN and 6aS 7bc do not require commercial 

catch-at-age data as input. Nonetheless these are maintained and reported for future 

anticipated requirements. 

Biological data from commercial hauls taken during the monitoring fishery were used in 

generating the catch-at-age data for the 2021 reported in HAWG 2022, section 04.  

6aN 

Catch and sample data by country and by period (quarter) in 2021 are detailed in Table 

4.2.1. Although the current assessment does not require data on numbers or weights at 

age in the catch, these data are detailed in tables 4.2.2 and 4.2.3 and displayed in figures 

4.2.1 and 4.2.2. Biological data sampled from commercial hauls (n = 1) were used to 

allocate the age distribution for the 6.aN catches. The allocation of age distributions to un-

sampled catches and the calculation of total international catch-at-age and mean weight-



Page 85 of 102 

 

at-age in the catches were done following established raising methods. A detailed 

description of the process can be found in (WD02 HAWG 2017). The principles described 

in that document were followed in 2021 as far as possible. The number of samples in 2021 

does not meet the requirements of the monitoring fishery as advised. 

 

 

6aS/7bc  

Biological data from commercial hauls taken during the monitoring fishery were used in 

generating the catch-at-age data for the 2021 reported in HAWG 2022, section 05.  

 

Catch-at-age data for this fishery are shown in Table 5.2.1.1 and Figure 5.2.1 and in 

percentage terms since 1994 in Table 5.2.1.2. In 2021, the fishery was dominated by 2- 5-

ringers, accounting for 95% of the catch (Table 5.2.1.2). Smaller proportions of 6-9 ringers 

are evident in the catch data and account for 5% of the total. 3 ringers are the dominant 

age class (58%) followed by 4 ringers (15%), 2 (13%), 5 (9%). 2019 was the first year since 

2012 that 1 ringers are well represented in the catch-at-age data. These have followed 

through as 2 ringers in 2020 and 3 ringers in 2021.  

The proportion-at-age in the catches from the fishery are similar to the catches from the 

split Malin shelf acoustic survey for most years. In 2020 the proportions of 1 ringers was 

higher in the acoustic survey than the catch while in 2019 a higher proportion of 1 ringers 

were found in the catch (Figure 5.3.1.3). In 2021 the catch picks up a high proportion of 3 

ringers (2018 year class) while the survey peaks at 2 ring (2019 year class).   
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from HAWG 2022, Figure 4.2.1. Herring in 6.aN. Mean standardised catch numbers-at-

age standardised by age, 1999 to 2021. 
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from HAWG 2022, Figure 5.2.1. Herring in divisions 6.a.S and 7.b–c. catch numbers-at-

age standardised by year for the fishery 1957–2021. 
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4 Achievements and Recommendations  

4.1 Abundance estimation -acoustics 

4.1.1 Recommendations for data users  

4.1.1.1 6aN  

 

The 2021 acoustic surveys in the two strata surveyed in 6aN are considered to 

• Have contained a significant part of the area where herring spawn in 6aN during 

autumn. However, it was not possible to maintain continuous observation over an 

extended period of time with a 10 day gap occurring between Chris Andra and 

Afrika. 

• Provide a reliable estimate of 

o the minimum biomass of mature herring at age observed in survey areas 

during the survey period. The limited sampling by Afrika in 2021 and some 

uncertainty over the quality of acoustic data recorded using the Furuno 

FCV-30 on Chris Andra led to the decision to combine biological samples 

from both vessels in the acoustic analysis. While this practice is not 

uncommon, the temporal lag not optimal. 

o the minimum spawning biomass during the survey period. 

The acoustic survey in has particular value in relation to  

• Monitoring the age structure and providing an index of abundance and biomass 

of herring in 6aN in known spawning areas (see Mackinson and Berges 2022, ICES 

2022). 

• Monitoring and changes in the timing of spawning and distribution at this time of 

year and mapping in detail the spawning locations in 6aN, which is useful in 

relation to marine spatial planning considerations. 

• Promoting a positive example of industry-science and developing industry’s skills 

to assess pelagic stocks.  

• Source of comparison of trends of abundance with the MALIN Shelf/ WoS herring 

acoustic survey. 
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4.1.1.2 6aS/7bc 

• The 2021 TSB estimate of 35,944 tonnes is considered to be a minimum estimate of 

herring in the 6aS/7b survey area at the time of the survey; all areas were not 

covered in 2021, and therefore the stock was not overall contained in the survey 

area. 

• The majority of herring marks were observed inshore in shallow areas. The stock 

appears to have been largely contained by the survey design in these discreet areas.   

• COVID restrictions affected the survey planning, and some areas were only 

partially covered by the survey.   

• The monitoring fishery is conducted on the same marks and at the same time as 

the survey, therefore the samples used from the monitoring fishery are considered 

representative of the surveyed biomass.   

• The survey estimation of biomass and abundance was conducted by using a pole-

mounted combi 38 kHz (split) and 200 kHz (single) echosounder. The pole-

mounted system worked well, with the entire system independent of vessel 

electrics, making it suitable for surveys on any vessel with a dry wheelhouse.  

• The herring surveyed were most likely/almost definitely 6aS/7b fish due to the 

inshore distribution, timing and proximity to the spawning grounds.   

• The survey reflected what was experienced in the monitoring fishery occurring at 

the same time.   

• There appears to be acceptable cohort tracking in the survey over the 6-year time-

series.   

• There was a tight distribution of length classes in all hauls, with most hauls 

dominated by larger (> 22 cm) mature fish.  The 2- and 3-wr age class of herring 

accounted for 74% of the overall numbers in 2021. 

• The survey began after the fishery started in 2021.  The fish were in Lough Foyle 

and Lough Swilly in large numbers before the beginning of the survey.  The herring 

appeared in Bruckless, Inver and Teelin Bays before the surveys in 2021, but 

appeared to come into Bruckless Bay and SE of Inishduff in waves after the survey 

also; according to information coming from the monitoring fishery.   

4.1.2 Recommendations for future surveys from WGIPS 

4.1.2.1 6aN 

• Seek to maintain the survey for a minimum of 10 years, following the outcomes of 

the benchmark (ICES 2022) that the index shows promise in tracking cohorts but is 

presently too short to fully assess it utility in an Category 1 stock assessment. 
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• Continue to 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. 

• Maintain the strategy of previous years to try and provide continuous coverage in 

key areas, Strata 1 and 2 covered in 2020 and 2021. Ideally survey vessels should 

undertake repeat coverage of the strata, allowing for longer observation, and 

critically, improving opportunity to get sufficient samples to monitor the age 

structure and changes maturity, and provide some degree of flexibility to search 

more widely in 6aN for pre/ spawning in the area. Plans for surveys in 2022 have 

been drafted to reflect this, seeking to . 

• Continue to ensure that industry vessels are equipped with nets and fishing is 

directed as appropriate for taking small samples for biological analysis. 

• Notify creel fishermen of survey transects in advance. 

4.1.2.2 6aS/7bc  

• There is a need to reduce uncertainty of estimate further through better survey 

design, particularly in the Bruckless and Fintra/Teelin Bays strata.  The CV would 

be reduced with more intense transects particularly when schools are hyper-

aggregating in inshore areas.   

• The improved design in Lough Swilly in 2019 was instigated following the 

workshop held in 2019 (WKHASS).  A similar design that deals with the inshore 

behaviour in Lough Foyle during this time appears to have helped overcome this 

issue in 2021.  An improved survey design will be used again in 2022 in this strata.   

• The flexible spatial and temporal approach to organising surveys worked very well 

and will be a template for future designs going forward.  The ability to avoid poor 

weather and use smaller vessels in shallow bays was a big improvement on 

previous years. 

 

4.2 Stock identity 

The morphometric and genetic data collected in 2016-2019 has been reported in the 

EASME project report (Farrell et al., 2021), and was used in the benchmark assessment in 

February 2022. Additional analyses of previously un-tested samples were conducted in 

2021 under a new contract. This work helped address questions identified in the EASME 

report (Farrell et al., 2021). A manuscript on the updated genetic baseline has been 



Page 91 of 102 

 

submitted to the Royal Society Open Science scientific journal for review. A preprint of 

the manuscript is available on bioRxiv (Farrell et al., submitted). 

4.3 Age composition of the commercial catch 

The current data-limited assessments for 6aN and 6aS 7bc do not require commercial 

catch-at-age data as input. Nonetheless these are maintained and reported for future 

anticipated requirements. 
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5 Rebuilding plan 

There has been no further progress on the development of a rebuilding plan. 
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Annex 1. Calibration and acoustic settings on Chris Andra 

Calibration of the Furuno FCV-30 requires calculation of a Calibration offset from the reference sphere. The 

Calibration Sphere reference value was -34.4dB and the offset calculated during calibration was -2.6dB. This 

value is used the Calibration file (Table A1) applied in Echoview during post-processing. 

Settings applied to the FCV-30  sought to ensure that raw unfiltered and untransformed acoustic data were 

recorded. The FCV-30 user guide was consulted to make decision on how the setting should be applied. 

The final setting resulted in the presentation of an echogram that closely matched that displayed on the 

Simrad EK80.  Raw proprietary data were recorded and transferred into HAC format each day. This process 

took approximately 4 hours for every days-worth of acoustic recording.  HAC files were read into Echoview 

for post-processing.  

 

Table A1. Calibration file applied in Echoview 

#========================================================================================# 

#                 ECHOVIEW CALIBRATION SUPPLEMENT (.ECS) FILE (HAC v1.x)                 # 

#                                10/09/2021 20:27:55.2230                                # 

#========================================================================================# 

#       +----------+   +-----------+   +----------+   +-----------+   +----------+       # 

#       | Default  |-->| Data File |-->| Fileset  |-->| SourceCal |-->| LocalCal |       # 

#       | Settings |   | Settings  |   | Settings |   | Settings  |   | Settings |       # 

#       +----------+   +-----------+   +----------+   +-----------+   +----------+       # 

# - Settings to the right override those to their left.                                  # 

# - See the Help file page "About calibration".                                          # 

#========================================================================================# 

Version 1.00 

#========================================================================================# 

#                                    FILESET SETTINGS                                    # 

#========================================================================================# 

 

#========================================================================================# 

#                                   SOURCECAL SETTINGS                                   # 

#========================================================================================# 

SourceCal T0 

    # AbsorptionCoefficient = 0.0100000 # (decibels per meter) [0.0000000..100.0000000] 

    # AbsorptionCoefficientLogging = 0.0100000 # (decibels per meter) [0.0000000..100.0000000] 

    # CalibrationOffset=0 

    # Frequency = 38.00 # (kilohertz) [0.01..10000.00] 

    # MajorAxis3dbBeamAngle = 7.00 # (degrees) [0.00..359.99] 

    # MinorAxis3dbBeamAngle = 7.00 # (degrees) [0.00..359.99] 

    # SoundSpeed = 1500.00 # (meters per second) [1400.00..1700.00] 

    # SoundSpeedLogging = 1500.00 # (meters per second) [1400.00..1700.00] 

    # TransmittedPulseLength = 0.500 # (milliseconds) [0.001..50.000] 

 

#=======================================================================================# 

#                                    LOCALCAL SETTINGS                                   # 
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#========================================================================================# 

 

# Chris Andra settings 

    LocalCal ChrisAndra 

    CalibrationOffset=-2.6 

 

Figure A1. Setting applied to FCV-30 for acoustic recording. 
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Annex 2. FV Adenia – HERAS strata 1 and 3 survey – July 2021. 

Coinciding with the 2021 International Herring Acoustic Survey, a 10-day acoustic survey was 

carried out by FV Adenia on 7-17 July 2021. 

 

1. Objectives 

1. Increase the chance of obtaining sufficient biological samples of herring in Strata 1 and 

3 of the International Herring Acoustic Survey (HERAS). 

HERAS surveys covering the west and north-west of Scotland routinely have difficulty in 

obtaining sufficient biological samples required to determine the acoustic survey 

abundance-at-age. This makes the calculation of herring stock biomass and tracking of age 

structure particularly difficult in this area, which is source of uncertainty and weakness in 

the stock assessment. FV Adenia supported the HERAS survey in these areas to help 

increase the chances of getting successful biological and genetic samples required for stock 

assessment. The ships Simrad EK80 echosounder (38kHz) was calibrated and used to 

record acoustic data.    

2. Test the effect of transect spacing on estimation of herring abundance in HERAS Strata 

1 and 3. 

The HERAS survey in the Malin shelf and 6a areas currently operates with a 15nmi transect 

spacing, which is based on previous statistical analysis of survey designs conducted when 

herring were more abundant in the area. During the current lower stock size, a test of the 

implications of transect spacing on the acoustic estimate of herring abundance would be a 

useful exercise to understand survey performance and future design requirements. 

 

2. Methods 

2.1 Calibration settings 

Calibration performed by Echomaster at Peterhead breakwater tanker jetty the day before 

sailing. Water depth 25m, sphere 15-16m from transducer face. (Table A2.1.) 

Table A2.1. Adenia calibration settings 
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Table A2.2. Summary of equipment used for the 2021 acoustic survey coinciding with HERAS. 

Area 

surveyed  

Vessel Transducer 

and 

Frequency 

Echo-

sounder 

Power 

Pulse 

duration 

Ping 

interval 

Environment Calibration 

Location/ 

date, 

supplier 

Survey 

area 

changes 

HERAS 

(7-17 

July 

2021) 

Adenia Hull mounted 

split beam 

ES38B 

(38kHhz), 

draft ~5.5m 

With heave 

compensation. 

ES200-7C 

(200kHz) split 

SIMRAD 

EK80 

@38kHhz 

Power: 

2000W 

Pulse 

duration: 

1.024ms 

Pulse form: 

Continuous 

wave 

Temp = 10C, 

Salinity 

=35ppt, 

Sound speed 

1491.5 m/s 

Peterhead 

breakwater 

7 Jul, 

Echomaster 

Marine 
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beam [not 

used] 

Ping 

interval  = 

0.5 sec 

 

2.2 Survey design 

 

Figure A2.2. Adenia Survey plan. 15nmi spacing (green lines) covering HERAS strata 3 in the 

south and strata 1, North of the Butt of Lewis. 

Surveys conducted in daylight hours only, 03:00 to 23:00 UTC/GMT. 

2.3 Results 

Haul locations are given in Figure A2.3  Only one contained any herring, 3 in number.  

Scrutiny of the acoustically detected marks of fish schools resulted only 5 marks that were 

‘possibly’ herring but could not be verified by the sampling (Figure A2.4, Table A2.3).  
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Following a review of the acoustic and biological sampling results in consultation with lead 

scientists From the Marine Institute and Marine Scotland, the decision was made not to undertake 

any further analysis of the acoustic data, since doing so would require unjustifiable assumptions 

given the absence of biological sample data. 

 

Figure A2.3. Haul locations 

Table A2.1 Haul catch compostions 
  

Position Catch composition (t)  

 

hau

l 

date lon lat Re

ct 

HER MAC NOP HAD GGU BOC WHB DGS Total Catch 

weight (t) 

1 10/07/21 

-8.48 57.67 

44 

E1 

 
0.25 

 
0.08 

  
0.01 

 
0.34 

2 11/07/21 

-8.53 57.93 

44 

E1 

         

3 11/07/21 

-8.53 57.93 

44 

E1 

   
0.01 

    
0.01 

4 11/07/21 

-9.08 57.92 

44 

E0 

 
0.31 

 
0.00 0.01 0.01 0.01 

 
0.33 

5 13/07/21 

-6.42 58.70 

46 

E3 

0.00 0.01 0.00 0.00 0.00 
  

0.00 0.03 

6 13/07/21 

-6.15 58.70 

46 

E3 

   
0.10 0.19 

  
0.04 0.33 

7 14/07/21 

-5.50 58.95 

46 

E4 

 
0.16 

 
0.34 0.00 

   
0.50 

8 14/07/21 

-6.22 58.95 

46 

E3 
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9 14/07/21 

-5.55 59.18 

47 

E4 

         

10 15/07/21 

-5.15 59.20 

47 

E4 

 
0.35 

   
0.00 

  
0.35 

 

Table A2.3. Overview metrics of acoustic marks classified in analysis 

Row Labels mean Sv_mean mean NASC No. of Schools 

 Possibly herring -52.05 2815 5 

 Unclassified regions -52.17 1877 1728 

 

 

Figure A2.4. Acoustic survey recordings of herring and other marks. 

 


