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Summary

During the period14-26" of February 202Ghe spawning grouts of Norwegianspring
spawning herring from Mgre (622 ONj to Nordvestbanken(70°4 O §) Mere covered
acoustically by the commercial vessels Hf®s MS Kings BayandMS Vendla.The survey

was carried out underhallenging weather conditions, however, tlwlected acoustic and
biological dateareconsidered to be @foodquality. The estimated biomasgas around 24 %

lower and the estimated total number was about 10 % lower this year than in the 2019 survey.
The uncertaintyof the estimatén 2020 was estimated to be higher compared with ZDi®.
surveyed population was dominatedtbg 2013 and 2016 year classBEise 2016 year class is
estimatedo bearoundthree timesnore abundarthan the 2013 year class svas 4 year olds

in 2017 (in this survey)The spatial distribution of the spawning stock was similar to earlier
years close to the coast south of Treena and on the slope around the banks outside Lofoten and
Vesteralenwith the youngest and smalldsrring in the north and older and larger herring in

the southThe estimates of relative abundance from the survey in 2020 are recommended to be

usedn t hi $CEystoekrassessment of Norwegian sprapgwning herring.
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Introduction

Acoustic surveys olNorwegian springspawningherringduring the spawning seasbas been
carried outegularly sincel 983, with somebreaks(in 19921993, 19972001-2004 and2009

2014). In 2015the surveywas initiatedagainpartly based on théeedbackrom fishermen and
fishermerds organizationsthat IMR should conduct more surveys on this commaéycial
important stock. Since then this has continued with a survey desigmthete commercial
vessels, and IMR has contracted the saegseldo run this survey during the period 2017
2020. The ICES WKPELA benchmark in 2016 decided to use the data from this time series as
input to the stock assessment, together with the ecosgstery in the Norwegian Sea in May
andcatch éta, meaning thahe results of the survédyave significant influence d€ES catch

advice.

Hence, thebjective of theNSS spawningurvey2020wasto continue the relative abundance
estimatedor use in tle ICES WGWIDE stock assessment, more specificaligtionate indices

of abundancand biomasat ageduring the period of spawning migration from wintering areas



at/off the northern Norwegian coamtd in the Norwegian Se¢awards the coastal spawning
ground further southinally, it was also a purpose that the results ofsineey should be

compared withrecent surveywith comparable effort and desidnring20152019

Material and methods

Survey design

During the period 1426™ of February2020 (same period as in 2022019 the spawning
grounds from Mgre (62OrN) to Troms (70°40/N) were covered acousticallpy the
commerciafishing vesseldMS Eros MS Kings BayndMS Vendla

The survey was planned based mfiormation fromthe previous spawning cruises atie
distribution of tle herringfishery during the autum2019 up to the survey sta&ebruaryl4
2020(Figure 1) The fishery pior to the survey start in 202@dicatedthat te herring wintering

in the Norwegian Sea were entering the coast in the Traena deep south of Rgst and following
the eastern shelf edge 200 m depth southwards fromalaseso observed in 2028019 This
information also suggested that smaller and youhgeing recruiting to the spawning stock
initiated their spawning migration from wintering grounds further nortfv@MN west of
Tromsgflaket and inhe Kvamangen fjord area, which was the basis for the planned survey
coverage this far norttAs seen fronfigure 1, the fishery had already started at Buagrunnen
(63°N) at the onset of survay 202Q

The survey design followed a standatdhtified designJolly and Hampton 1990where the
survey area was stratified before the survey stecbrding to the expected density and age
structures of herrin¢Figure2). With exception ofstratum 13all strata this year wemvered

with a zigzag design instead of parallel transects. The introduction of a zigzagedigghin
2018 Compared wh parallel transects, zigzag design is more efficient since a higher
proportion of the sailed distance igdgor coverage (Harbitz 201%) 20152017, asignificant

part of the survey time was used as transport between transects, whereas-2022018
insignificant time was uson transportEach straight line in the zgg design were considered
astransect@and primary sampling units (Simmonds and MacLennan 2008)fairly uniform
coverage of stratand a random starting position the start of egh stratum In order to

investigatepotential herring aggregations west of Buagrunnen (it has previously been stated by



some fishermen that herring arrives on the BuagFouirectly from the Norwegian Sea, i.e.
from west) twaparalleltransects were covered extending approximately 80 nautical miles west
of Buagrunner{63°N).

Biological sampling

Trawl sampling was carried out @regular basigluring the surveyo confirm the acoustic
observations antb be able to give estima®f abundance for different size and age groups.
All three vessels usembmmercial herring trawlwith small meshed (20 mm) inner net in the
codendand withasli{f s o ¢ a tt Iadpse tofhe gondend to avoid too large catchEse
positiors of thetrawl hauls are shown frigure3. The following variables of individual herring
were analysedbr each stationvith herring catchTotal weight (V) in gramsand total length

(Lt) incm (rounded dowo thenearest 0.5 cm)faip to 100 individuals per sampla addition,

age from scalesex, maturity stage, stomach fullness and gonad weigjtiq gramswere
measured inip to50 individualsper sampleThe matuationstages were determined by visual
inspection of gonads ascommended by ICES: immature = 1 anea&]y maturing = 3 late
maturing =4, ripe= 5, spawning = 6, spent = 7 argstingfecovering = 8Data from the
subjective evaldion of maturatn stages were used to split between immature and mature
herring inthe estimation of spawning stock biomass (SSB), as well as to demonstrate spatial
differences in maturation. The gonadosomatic index (GSl=gonad weight/total wa@it

was alsaised to demonstragpatial differences in maturation along the coast.

Envronmental sampling
CTD casts (using Seabird 911 systgmere taken by Eros and Vendla, spread out in the

survey area (Figurg).

Echo soundedata

Multifrequency (18, 38, 70, 120, 2@®iz) acoustt data wereecordedvith aSIMRAD EK 60
echosounder and echo integratan boardEros and Vendla, and SIMRAD EK 80 tward
Kings Bay Continuous Wave (CWjpulse i.e. single frequencywas transmitted fronall
soundersAll three vessels were calibrated at the tip of the fishing pier in Alesuadtprthe
survey according to standard methods (Foote et al., 1987), adjusted for split bé&masrast
described in Ona (199%nd (Demer et aR015) The calibration reports of each vesaet
shown in Aanex1. The low frequency sonars waret calibrated The intentionwas only to

use thesonardata for studies of potential issues with herringhia echo soundéslind zone



close to the surface or avoidance, not for biomass estimations of schools. Hence, a new

calibration of the sonars was raainsidered necessary.

LSSS Large Scale SurveyyStem(Korneliussen et al2006)was appliedor the interpretation

of the multi-frequency data The recorded area echo abundance, i.e. the nautical area
backscattering coeaffient (NASC) (MacLennan et.&002), was intergted and distributed to
herri ng speciks ab 8tkHagariods characteristics of the acoustic recordings like
frequency respond&orneliussen and Ona002)and visual appearangere used to identify

herring from othetargets

In 2020the survey suffered fromelatively bad weather condition, like last ye&uring

conditions where the vessels had to survey against strong wowisstic registrations on some
transects were significantly influenced by air bubble attenu&kiuis.wascorrectedor during

the scrutinization of the data in LSSS, and the problems and methods used to adjust is described
iNAnnex 3 in | ast year 0s.However onlgasmalfraction oftheS| ot t

acousticvalues had to be o®ctedinthisyeab s sur vey.

Abundance estimatiomethods

The acoustic density values were stored by specadsgoryin nautical area scattering
coefficient (NASC)[m? n.mi.?] units (MacLennan et al. 2002) in a database witbrazbntal
resolution 00.1 nmiand a vertical resolution of 10 m, referenced tcs#asurfaceTo estimate

the mean and variance of NASC, we use the methods establisbeltiyjtand Hampton (1990)

and implemented in the software St@¥hnsen et aR019). The primary sampling unit is the
sum of all elementary NASC samples of herring along the transect multiplied with the
resolution distance. The transettlfas NASC values] anddistancelengthL. The average
NASC (S) in a stratumis then:

&= ws, ®

wherew, =L, /L, (t=1,2,..n) are the lengths of the sample transects, and
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Variance by stratum is estimated as:
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Wherew, =L, /L, (t=1,2,..n) are the lengths of the sample transects.

The global variance is estimated as
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The global elative standard error of NASC
RSE=100, /\E(I\;Q / & (6)

where N is number of strata.

In order to verify acoustic observations and to analyse year class structure over the surveyed
area,trawling was carried outegularly along the transediSigure 3). All trawl stationswith
herringwere used to derive a common length distribution for all transect within the respective

strata. All stations had equal weight.

Relative standard error by number of individuals by age group was estimated by combining
Monto Carlo selection from estimated NASC distributions by stratum with bootstrapping

techniques of the assigned trawl stations.

The acoustic estimates presentedhis report use the 38 kHz NASC, and the mean was
calculated for data scrutinized lasring and collected along the transects (acoustic recordings
taken during trawlingand for experimental activitgre excluded). The number loérring (N)

in each lengtlgroup(l) within eachstratum () is then computed as:



i's the oacoustic cont L iolthe totalererggnd<s>sthe meare | e n g

nautical area scatterimgefficient [nf/nmi?] (NASC) of the stratumA is the area of thetratum
[nmi?] and is the mean backscattering crosdgisacat length L The conversion from number

of fish by length groupl to number by age is done by estimating an age ratio fham t
individuals of length groufl) with age measurements. Similar, the mean weight by length and

age grouped is estimated.

Themeant ar get strength (TS) is usé&¥%isfusedfot he
estimating themeanbackscattering cra@ssection. Traditionally, TS = 20logL 71.9 (Foote
1987) has been used fmean target strength bérring during the spawning surveys, however,
several papers question thieantarget strength. Ona (2003) describes how the target strength
of herringmay change witkshanges with depfliue to swimbladder compression.ideasured

the meantarget strength of herring to be TS = 20logl2.3 log(1 + z/10) 65.4 where zs
depth in meers. Gven that previous surveys were estimated using Ha9&7), the estimation

this year was also done with this TS, for direct comparison andoposgstlusion inthe stock
assessment ICES WGWIDE 202@as another year in thiegne series

The StoX softwaredeveloped byMR were usedn the abundance estimation202Q just as

in 20152019. StoX isanopen source softwarkeveloped at IMR, Norwagdohnsen et al. 2019)

to calculate survey estimates from acoustic and swept area surheyprogramis a stane

alone application build with Java for easy sharing and further development in cooperation with
other institutes. The underlyindnigh resolution data matrix structure ensuee future
implementations of e.g. depth dependent target strengthigimcesolution length and species
information collected with camera systems. Despite this comp)éé@yexecution of an index
calculation can easily be governed from user interéak an interactive GIS moduler by
accessing the Java function library grastameter set using external software like R. Accessing



StoX from external software may be an efficient way to process time series or to perform boot
strapping on one dataset, where for each run, the content of the parameter dataset is altered.
Various satistical survey design models can be implemented in tliler&y, however, in the

current version of StoX thstratified transect designodel developed by Jolly and Hampton

(1990)is implemented.

Sonardata and analyses

Data fromSimradlow-frequencysonars were loggesh boardall vesselsvith the objective to
measure the presence and magnitude of potential bias related to vertical distribution (fish in
blind zone abovéhe echosounder transduceand avoidance behaviour tfe herring relative

to the presence of the vessdbata from fisheries sonars have been collected from all
participating vessels since 2015. Methods to quantify or evaluate th¢ extieese biaseare

presently being developed.
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Resultsand discussion

Estimates ohbundance

The abundance estimates from this survey are viewed as relatiasin@ices of abundance,

since there arehighly uncertain scaling parameterslike acoustic target strength and
compensation for herring migrating in the opposite directiothefsurvey the latter issue is
discussedin Appendix 2).In StoX, there are two types of point estimates (t#lative)
abundance at age and total abundance: baseline estimate and mean or medianlidxed on
bodastrap replicationsThe baseline estimateseashown in Table 1 and the bootstrap estimates
are shown in Table Zhe baseline estimate of biomass from the suiv&y24 million tonnes

while the boddtrapmeanestimate is 3.27 million tores. The decline in estimateiomass

from the survey in 2018 24 % based on thimaseline estimates and 23 % based on thistrap
estimatesThe relative standard error (CV) dhe biomass estimatéor 2020 based orthe
boastrapreplicates is 17 % which is higher than in 2@C¥ = 10 %) Thesurveytime series

of stock biomasbased on bootstrap replicates frompleeiod 2015 to 2020 is shown in Figure

4. The level of the biomass has not changed significashityng 20162020. The baseline
estimate of tal numberof individuals from the surveis 12.57 billion while the bootstrap

mean estimate &2.75 billion The decline in estimatadtal numbergrom the survey in 2019

is 11 % basedon the baseline estimates and %0Obased on the bootstrap estimates. The
estimatedrelative standard error (CV) dhe totalnumberin 2020 based on the bootstrap
replicates isl6 % which is higher than in 204@€V = 10 %) The survey time series of total
number based on bootstrap replicates from the period 2015 to 2020 is shown in Figure 5. The
level of total numbehas not changed significantly during 264820. The estimated stock
number is dominated by 4 and 7 year old herring, which is the 2016 and 2013 year classes
(Table 12 and Figures). The uncertainty is high for the very young and old year classes and
modeate for the most abundant ages in the survey (Table 2 and Figure 6), which is the normal
pattern observed in surveged samples from commercial catcHestimated nmbers per year

class from the surveys in 202820 are shown in Figure 7. The estimatethbers from the

survey in 2020 seems to decline as excepted for the year classes that are fully recruited to the
survey, and it now seems like the survey in 2€lihtly overestimated numbers at age (Figure

7). The 2016 year class is estimated more thagettimesnore abundarnthan the 2013 year

class was as 4 year olds in 2017.
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Spatial distribution of the stock

The distribution and densities of herring in the area covered in 2020 was quite similar to that
observed in 2012019, relatively evenly distributed along the cd&s70°3 Nrjyet with some

high density areas close to the coast from Buagrunnen to Tr&m@6QN) and around the
continental slope outside Lofoten, the Vesterdlen banks and further no@@{6G00 3 9 11 N)
(Figure 8and 9. The relative distribution of the estimated biomass per stratum is shown in
Figure 10 Most of the biomass was foundstratum 4, 6, 7, 9 and 10, i.e. close to the ttoas
south of Treena and on the slope around the banks outside Lofoten and VesTériglen.
distribution is fairly similar to the distribution in 2019 but a bit more uniform in 2020 with more
of the biomass ine northdue to the incoming 2016 year cla&ge compositios per stratum

are shown in lgure 11 The sothernmost strata (4) weredominated by herring older than 6
years and the age distributions are fairly uniform. In the middle strata from TreeafoterL
(strata 59) 7 year olds (2013 year class) whs most numerous while the 4 year olds (2016
year classjominate in the northernmost strata (I3). The 2016 year class also appears
clearly in gratum 8 and 9 (outside LofoteMlean length and meawveight per trawl station are
shownin Figure 12 and 13These figureshow that the largéberring is found in the southern

part of the covered areaile smaler fish dominates in the nortirhe observed size dependent
distribution pattern ire020is similar o what was observed in 20P®19(Slotte et al 2015,
2016,2017, 2018, 2019t is also in accordance with the observations in earlier years, which
has been thoroughly discussed in Slotte and Dommasnes, 1997, 1998, 1999, 2000; Slotte,
1998b; Slotte, 1999a, Slotte 2001, Slotte et al. 2000, Slotte & Tangen 2005, Z&@Ghain
hypothesis is that this could be due to the high energetic costs of migration, which is relatively
higher in small compared to larger fish (Slotte, 1999b). Lésfpeand fish in better condition

will have a higher migration potential and more energy to invest in gonad production and thus
the optimal spawning grounds will be found farther south (Slotte and Fiksen, 2000), due to the
higher temperatures of the hatdHarvae drifting northwards and potentially better timing to

the spring bloom (Vikebg et &012).

Geographical variation in temperatures experienced by the herring

Temperatures experienced by herring from close to the surface and down to deepé¢havaters
200 m varied fron 4°-8°C (Figure 14). At typical spawning depths of herring 1200 m
temperatur@ariedmore this year thaim 20172019(Slotte et al. 2017, 2012019, with warm
water in the southern part of the covered area (around 8°Cereadder west of Lofoten &4

5°C) and warmer watergainfurthest north (67°C).
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Quality of the survey

In 2020all vessels were equipped with multifrequency equipment on a drojEkesl.though

the weather conditions were challenging with strong wind duriogt raf the survey period,
acoustic data with good quality was recorded and trawling on registratialtsbecarried out

most of the time. There were some periods where the survey speed had to be reduced to ensure
acceptable quality of th@cousticdata.Correction fo air bubble attenuatiohad to be done in

only a few instances so most of the NASC values were not adjussed. earlier years, the

young fish in the north was sometimes found close to the surface and it is therefore assumed
that some hemig was fAl ost 0, especialty d@ingkhe inightMorenvemaa
unknown fraction of the 2016 year class was distributed outside the survey areadida

Sea and Barents Sea). This is not unexpected as it is assumed in the ICBESsstemkent that

4 year old arenot fully recruited in this surveyHis information is contained in the catchability
parametes). Regarding the older and larger herring in the southern part of the survey area there
are no observations this year or eanjiears which indicate thatgnificant amounts of herring

has been distributed outside the area covered by the survey. This issue has been extensively
discussed and analysed in previous survey reports and this year it was also carried out two
addi ticermali co t r ans e c twhererosherringwas olisewvadgAisa, the e n
distribution of the commercial fishery indicathat most of the spawning stock was contained

in the area covered by the survéy concludethe acoustic anfliological data remrded in

2020 were of satisfactory qualitgndthe estimates from the survey are recommended to be
used in the stock assessment of Norwegian s{gpagvning herring.
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Table 1.Baseline estimates from StaX Norwegian springspawning herring during the spawning seab&r26. February 2020

age
Length (cm) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Unknown |Number Biomass MeanW
21-22 4401 - - - - - - - - - - - - - - - - - 4401 264 60
22-23 - - - - - - - - - - - - - - - - - - - - -
23-24 - - - - - - - - - - - - - - - - - 5970 5970 501 83.9
24-25 - - 24672 - - - - - - - - - - - - - - - 24672 2143 86.8
25-26 - 3349 79838 - - - - - - - - - - - - - - . 83187 8304 99.8
26-27 - 6738 226706 8151 - - - - - - - - - - - - - -| 241595 28037 116.1
27-28 - 16462 560050 2246 - - - - - - - - - - - - - -| 578758 74175 128.2
28-29 - 4401 1042950 78583 15729 38580 - - - - - - - - - - - -| 1180245 172641 146.3
29-30 - 8803 851130 57312 23250 - - - 34397 - - - - - - - - -| 974892 160763 164.9
30-31 - - 412161 124936 62859 & - & = S 2 . = = - = 2 -l 599956 113719 189.6
31-32 - - 124488 136422 323548 272276 2332 2896 - - - - - - - - - - 861962 194614 225.8
32-33 - - 52436 51801 485479 947774 47440 3088 - - - - - - - - - -| 1588018 403094 253.8
33-34 - - 20670 55790 283548 1221070 176018 76803 - - - - - - - - - -| 1833899 505588 275.7
34-35 - - - 24537 33764 607968 174940 202273 19902 23515 4666 9854 9903 - 20635 - - -| 1131956 340265 300.6
35-36 - - 33467 - 22277 207402 72637 191609 63650 193184 24543 35361 117013 58179 89862 - 2399 - 1111581 371008 333.8
36-37 - - - - - 20699 35799 57267 124742 350808 66818 143322 311285 51094 224322 39112 8180 -| 1433447 510053 355.8
37-38 - - - - 1714 10637 7449 31916 65666 99504 20180 50587 210310 21927 166959 36004 1253 -| 724106 276079 381.3
38-39 - - - - - - - 6200 7978 3720 6628 30840 40734 9932 27522 1845 29247 - 164645 66541 404.2
39-40 - - - - - - - - - - - - - - 6586 - 10496 - 17081 7374 431.7
40-41 - - - - - - - - - - - - 2079 - 5669 - - - 7748 3893 502.4
TSN (1000) 4401 39752 3428570 539777 1252169 3326407 516615 572050 316334 670730 122835 269964 691324 141131 541554 76960 51575 5970 12568119 - -
TSB (t) 264 5428 532007 109415 304172 917088 153727 184640 106128 237339 44483 97099 249981 51076 197450 28077 20182 501 - 3239055 -
Mean L (cm) 21.5 27.4 28.6 30.7 32.2 33.1 34.1 34.9 35.4 36.0 36.2 36.4 36.5 36.1 36.5 36.8 38.0 235 - - -
Mean W (g) 60.0 136.5 155:2 202.7 242.9 275.7 297.6 322.8 3355 353.9 362.1 359.7 361.6 361.9 364.6 364.8 391.3 83.9 - - 257.7
% mature 0 72 97 100 100 100 100 100 100 100 100 100 100 100 100 100 100 - - - -
SSB (t) 0 3908 516047 109415 304172 917088 153727 184640 106128 237339 44483 97099 249980 51076 197450 28077 20182 - - 3220811 -
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Table 2. Bootstrapestimategrom StoX(based on 1000 replicates)dbrwegian springspawning herring
during the spawning season 126. February 2020Numbers by age and total number (TSN) are in millions and
total biomass (TSB) in thousand tons

Age S5th percentile  Median 95th percentile  Mean SD cv

2 0.0 4.0 19.3 5.7 6.7 1.17

3 9.7 38.6 104.5 44 .4 29.7 0.67

4 2385.5 3427.1 4808.1 3502.4 741.0 0.21

5 354.9 552.4 840.6 571.1 152.8 0.27

6 847.4 1202.5 1602.0 12124 225.7 0.19

7 2363.1 3329.1 4307.9 3336.7 584.4 0.18

8 349.3 5239 729.3 530.2 116.2 0.22

9 406.4 599.6 850.5 609.1 135.1 0.22
10 201.8 3554 553.2 364.1 109.5 0.30
11 415.7 641.6 919.5 649.7 154.0 0.24
12 80.2 127.9 192.7 131.4 34.9 0.27
13 177.6 273.8 393.1 279.5 67.2 0.24
14 384.6 669.7 987.6 676.6 187.1 0.28
15 64.2 152.3 258.9 154.9 59.3 0.38
16 330.6 520.8 843.4 541.4 153.8 0.28
17 42.8 76.2 134.9 81.0 27.2 0.34
18 10.9 46.7 95.6 48.1 26.9 0.56
TSN 9375.3 12756.7 16221.0 12750.4 2068.2 0.16
TSB 2376.8 3269.2 4212.5 3273.7 5439 0:17
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Annex 1. Calibration results and settings

Table 1. Calibration data and parameter settings of the fivesecimalers on each survey vessel

in the survey, with the calibration done on February 14, 2020. Kings Bay has Simrad EK80
WBTG6s, while Vendla and EROS has Simrad EKG6(
the EK60 GPTO6Ss, whi | e VENDftware. The mew WCB7%&2 or i g
calibration sphere was as target for all frequencies when calibrated at the tip of the fishery pier

in Alesund, with tabulated values for the sphere TS on EK60, and with the internally computed

by the calibration program in EK80. #&f calibration was accepted, the new calibration
parameters were entered into the echo sounders. The validity of the WC 57.2 calibration sphere
against the original CU60 at 38 kHz was previously conducted on G.O.Sars in November 2018
with good results. fie echo sounders calibration showed very good stability compared to 2017

and 2018. The 200 Khz echo sounder on Kings Bay was changed due to the failure discovered

in 2018, and the 38 kHz system was changed due to a ripping of the old transducer cable.
Othawise, the systems are very stable, and as an example the calibration of the Vendla EK60
system gave values within 0.1 dB from previous February 2019 calibration except for 200 kHz,
where the difference was 0.2 dB.

MS Kings Bay, Simrad EK80

Parameter
Survey data sample 2020818 1402: Simrad EK80, CW, 1 ms

Transducer type ES18 ES387 ES707C ES1207C ES2007C
Transmission frequency [kHz] 18 38 70 120 200
Transmission power [W] 2000 2000 750 250 150
Pulse duration [ms] 1.024 1.024 1.024 1.024 1.024
TS Transducer Gain [dB] 23.06 26.33 27.76 27.27 26.58
Sa Correction (dB) 0.009 0.000 0.16 -0.20 -0.33
Equivalent beam angle [dB] -17.0 -20.7 -20.7 -20.7 -20.7
Absorption coefficient [dB km] 2.9 10.1 20.9 31.8 52.15
Half power beam widths

. 9.77/9.87 5.5/4.9 6.71/6.68 6.27/6.61 7.20/6.90
(along/athwart ship) [deg]
Transducer angle sensitivity 155 23.0 23.0 23.0 23.0
(along ship and athwart ship)
Sound speed [m% 1473 1473 1473 1473 1473

M/S Vendla,Simrad EK60

Parameter

Calibration 20190218 Simrad EK60, CW narrband
Transducer type ES18 ES38B ES707C ES1207C ES2007C
Transmission frequency [kHz] 18 38 70 120 200
Transmission power [W] 2000 2000 750 250 120
Pulseduration [ms] 1.024 1.024 1.024 1.024 1.024
TS Transducer Gain [dB] 22.% 2546 26.53 2709 2725
Sa Correction (dB) -0.57 -0.72 -0.35 -0.27 -0.27
Equivalent beam angle [dB] -17.0 -20.6 -20.7 -21.0 -20.7

Absorption coefficient [dB kmj] 2.8 9.6 203 31.3 445



Half power beam widths
(along/athwart ship) [deg]
Transducer angle sensitivity
(along ship and athwart ship)
Sound speed [m%

3C

1081/1086 6.97/7.05 6.536.62 6.44/6 56 6.596.3|

155 23.0 23.0 23.0 23.0

1471 1471 1471 1471 1471

M/S EROS, Simrad EK60

Parameter

Calibration 20180218, Simrad EK60, CW narrband

Transducer type
Transmission frequency [kHz]
Transmission power [W]
Pulse duration [ms]

TS Transducer Gain [dB]
SacCorrection (dB)

Equivalent beam angle [dB]
Absorption coefficient [dB kn]
Half power beam widths
(along/athwart ship) [deg]
Transducer angle sensitivity
(along ship and athwart ship)
Sound speed [m$

ES18 ES38B ES7067C ES1207C ES2007C
18 38 70 120 200
2000 2000 375 150 90
1.024 1.024 1.024 1.024 1.024
22.25 25.84 26.52 26.67 26.53
-0.23 0.00 -0.33 -0.36 -0.26
-17.0 -20.6 -20.7 -21.0 -20.7
2.8 9.7 20.6 31.6 44.9

10.15/10.32  6.99/6.80 6.86/6.92 6.97/6.70 6.03/5.79

155 23.0 23.0 23.0 23.0

1473 1473 1473 1473 1473

February 25. 202Egil Ona, M/S EROS, at Sea
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Annex 2. Measuring the migration speed of herring

The spawning survey on NVG herring along the Norwegian coast is designed assaatnap

survey over 12 days, covering a survey area0df43 nmi. A zig zag survey design gives a

higher mean progress speed than parallel transects (Harbiz, 2019). Howéwer shbawning,

the herring migrate against the prevailing current direction, and actively use the tidal variations

in the current to adjust the migration speed. Vertical positioning therefore seems to be

i mportant. Si mmonds a mhe mivenehtssoffishaan bg c@nbetvéd) wr

as having two components, random motion and migration. In the former case, the fish swim at

a certain speed in directions that change randomly with time. In the latter case, the fish swim

consistently in the same dateon. Simmondet al (2002) used a finscale model of North Sea

herring schools, based on a spatial grid coveringdDBOkn?t with a node spacing of 40 m, to

study the effect of fish movements on the results of simulated surveys. They found that the

ranrdom motion was unimportant, but the effect of systematic migration even at a modest speed

could not be ignored. One factor in the survey design is the timing in relation to the migration

cycle, which should ensure that the surveyed area includes the staotike But even if this

condition is met, migration of the stock within the surveyed area can bias the abundance

estimate. The extent of the bias depends on the direction of the migration in relation to the

transects. Suppose the fish are migrating ae@é¢p€, and vs is the speed at which the survey

progresses in the direction of migration. If vs is positive, this means that the fish tend to follow

the vessel as it travels along successive transects. If the cruise track were drawn on a map whose

frame ofreference moved with the fish, the transects would be closer together than those on the

geostationary map. Thus the effective area applicable to the analysis is less than the actual area

surveyed. The observed densities are unbiased, but since the alsuisdtre mean density

multiplied by the effective area, the esti ma
E(EQ) = Q(1 + vf [ wvs

Note that when the transects are long and perpendicular to the migration, vs is much smaller

than the cruising speed bfhe vessel . For exampl e, i f the

transect |l ength is 10 times the spacing, the

which could well be comparable with vf . Harden Jones (1968) suggests that herring are capable

oo migration speeds up to O0.6m sT11. The swimr

adult herring and mackerel can sustain speed

1988; Lockwood 1989)The bias is greatly reduced if the transeats alternately with and

against the migrationo.

A rough model can be plotted using the equation suggested by Simmonds and MacLennan

(2005), with the suggested bias in the survey on the z axis. The start of the survey, the progress

speed is about 1.17 milsin the North- direction, indicating that the bias could be from O to

50% with a constant fish migration speed of 0.2-p well within the swimming capacity of

adult herring. Using fishery sonar on distinct schools have been tried for direct measafemen

the migration speed on earlier surve&pfte et al, 2015,20)6but in this particulaspawning

survey, only a small fraction of the herring is moving in distinct schools. The more typical

situation is layers, either in the water column, or claséne bottom, as shown in Figureahd

a better way to measure the migration speed is to use a Doppler system, as realized in a scientific

ADCP.
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Fig 2. A, B,Overall figures for the migration error as a function of vessel progress speed, VPS
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speed indicated for all strata 1.17 ri®s a vertical line. Observed magion speed for herring

is between 0 and 0.3 mls and the potential error can be evaluated to be maximum 1.2, or
20% in the worst case!

Material and methods

A Kongsberg Maritime ES150C EK80 ADCP system, with four acoustic beams transmitting a

150 kHzCW or FM signal installedo n MS AIBER®O&Sodr y do c kMalayt AB-t
Norway, prior to the surveyThe flat array transducer with the EK80 WBT installed in the
transducer was transmitting a 12.1 ms CW pulse for the selected settings using plasgsed arr
steering of the beams in ADCP mode, and a split beam transducef Witar3 width in broad

band echo sounder mode. The system was tested and tried calibrated in Alesund February 14,
2020. Vessel GPS and KM motion Reference Unit (MRU) were couplecetmstrument,

logging raw data to disk on the ADCP system PC.
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Fig. 3. ADCP Simrad EC158C transducer (and WBT) mounted in box lkedtont of the
fishery sonars on EROS



Fig 4. Principal sketch of thBimrad EC15C measuring system(Figure: ® Tonny Algray,
Kongsberg Maritime)

The ADCP system was run in parallel with the 5 EK60 GPT echo sounders and one SU90 sonar,
as a stan@lone system, with no external triggering from the master echo sounder. Only weak
interference was observezh the 120 kHz EK60 system, but not enough to disturb the
abundance estimation of herring. GPS and a Kongsberg Motion Reference Unit, MRU 5 was
connected to the ES18D system.

The raw data was recorded, and the ADCP generated standard output cunierggirofirams

on the screen, where both the movement of the water current and the herring movement could
be monitoredn real time.

For stability, averaging over 100 transmissions were used to gepeediteinaryreal time

current echograms, but could teerun in echosounder replay using shorter averaging intervals
needed for herring schools. Individual data sets were selected for further inspection and
replayed locally on a secondary computer, based upon the scrutinizing results from the survey,
using LSSS. During this process, the EK80 generated new processed data files, using standard
output in NETCDF format. These were further rdad a Phyton script, where further
manipulation of the data could be done. Only preliminary analysis was done duringvihe su
itself.
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Fig 5. Example display of ADCP processed data. The scr e
the lower panel shows the backscattering in one of the ADCP b&amsipper panel shows the N/S component,

here scaled to-2 knotsyed is North, blue is South. The panel below the upper one is\ttieli&play, with similar

settings, red is East, blue is West. Then, the third panel is the vertical speed measured, using the same scale,
DOWN/ UP, with down as red, up as blue. Furthbe last panel shows the sum of the vectors in the previous

panels. All measurements here is-geferences, showing movement over ground. It is here clear that the herring

swims against the relatively strong costal current.

Interpretation of example digy:

First, the current in this transect is moving in a North direction at about 0.5 knots and slightly
towards East. The current speed is similar across the entire whole water column.

The herring, however, is migrating in South direction at 0.5 knotslsotowards East with a
similar swimming speed, 0.5 knots, i.e straight against the prevailing current. So, first the
herring must compete and overcome the current, and exceeded the water speed with 0.5 knots.
Relative to the surrounding water, it iswadty swimming at 1 knot, 0.5 mX¥ or about 1.5 bl

s-1, which according to Harden Jones (1968) is well within herring migration capacity.

During this first survey, there was no analyzing and processing tools available, and a manual
selection of 10 valueisom the school and 10 values from the water column was selected and
stored as separate variables.



Fig 6. Manual selectlon of representatlve swimming speed and current speed Ver5|0n 1. In later versions of
processing, a mask should be aexhusing LSSS, and the mask transferred to the current echograms. Normal
gridding output for both water and herring can then be computed and stored to normal user files.

About 39 data sets have been analyzed during the survey, where the herring svdpeathg
andcurrentdirection have been manually extractétiese data will be used to pair with the
density data, either at transect level, or at stratum level.

One could either chose to weigh the speed with the acoustic density, either at transect level or
at strata level:

Transect level:

Q

Then, compute the mean backscattered energy weighed speed to be used for the individual
strata.

Or at strata level, h could be is the mean speed for all herring inside the strata, and the weight
of migration could be the density inside the stratat yiet decided).

The statistics of the mean survey pragréSPS) speed is shown in treble 1.
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stratum | p G 9 S (nmi) | VPS (knots) VPS (m4)
1 14.39| 67.65 4.70 2.42
2 24.64| 65.67 2.67 1.37
3 55.74| T77.42 1.39 0.71
4 50.55| 77.10 1.53 0.78
5 38.02| 70.56 1.86 0.95
6 37.32| 62.56 1.68 0.86
7 38.45| 48.70 1.27 0.65
8 36.66| 79.48 2.17 1.12
9 30.21| 76.62 2.54 1.30
10| 25.53| 63.60 2.49 1.28
11 11.01| 32.40 2.94 1.51
12 45.78| 72.00 1.57 0.81
13 9.01| 2554 2.84 1.46

Table 1. Vessel progress speed in North direction in the different strata of the fiekiayh

is the number of hours inside the strata, and the number of sailed nautical miles inside the
strata is S 8nmiMinimum 0.65 m-4 and maximum 2.41 mlsn strata 7 and 1 respectively.
The overall mean progress speed is 1.17Imath a standard deviation of 0.47 ris

We are now working on measuring the mean migration speed for each stratum, but already see
that while the migration speed is high in 8wthern and middle strata, the migration is slower

and less systematic further north.

Examples of proessed data iniyton, after replaying in local EK80 software, and generation

of NETCDF output files, is shown below.

If we should make an educated guess at this poomtection for the migrationffect on this
survey would increase the biomass with 5 to 10%, whishilisnside the uncertainty level of

the survey estimate.

Egil Ona,At sea26.2.2020and home office 30.3.2020.
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Figure 7. Phyton output of water and herring spegdoreferenced, i.e speed over ground, UPPER (&dest

direction, MIDDLE (North-South direction) and LOWER : Vertical direction, Dewp, with DOWN positive=

Red. The dark red in the |l ast part of the fiechogr amo

i s not compensated f or prhesghpwhilgturninghe Asl i di ng movemen
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Figure 8. Echogram from the 4 ADCP beams where the Doppler is extracted.



