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Bakgrunn og toktmal

Hovedmalet med toktet var a:
- Utvikle og teste optiske og akustiske instrumenter og metoder for overvaking av
fiskeatferd og fangstsammensetning under fiske med not.
- Studere hvordan fangsthandtering pavirker fiskens velferd og derigjennom overlevelse

etter slipping fra not og kvalitet

Toktet gatter prosjektene Fangstkontroll i notfiske (15130) og CR8385104). Toktet gikk

ut pa atEros fangetNordsjgsild (kommersit# fangstey og vi samlet inn data om fangsten
(atferd og vitalitet med sonar, kamera og fysisk prgvetaking pa dis#eprosessefinkl.
logging av maskineripg miljgforhold (strem, vind, oksygen og temperatur i vanhetfangst

til fisken var ilastet ombordVeerforholdene var variable medendager medterk kulingog
noen dager med veldig fine forhol@ildestimenevar mange ogsma i stort sett neerme
overflaten(0-70 m dyp) Stimstgrrelse skapte problemer fdiskerne som gnsket seg starre
fangster. Det ble mange kast nmsrdafangster< 10- 40 tonn(Tabell 1) Veldig sma stimeer
ogsavanskeligere a skille fra bakgrunnsstgy med akustikgioiike et helt realistisk bilde av
fangstkvalitet og velfer@ttersom fagstene vanligvis er betydelig startékevel er isket slik
noen gangeog daer det viktig &4 data fra sméangsterngsa Resultatet ble 10 notkast i Igpet

av 2 dage(Tabell 1) Fangstene ble levert i Fosnavadigktet ble startet og avsluttet i Berge
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Tabell 1. Oversikt over fangstene

Date Position Fishing Times Environment Catch

Wind Wind Current Weight I(nk(é].)

Pumping| strength dir.  stregth Current Wave| Weight

Lat Lon Shoot stop] (m/s) (deg) (30 m) dir. (30 m) height (m) (1)
16.06.201§ 61°02.08N 01°55.60F 06:30:35 08:01:55 55 168 0.2 356 1i 2 20 neee
16.06.2018§ 61°00.31N 01°53.77H 10:18:44 NA 5 147 04 128 17 2 Bom a
16.06.201§ 61°02.02N 01°58.12H 12:53:28 14:03:00 5 152 0.3 171 1i 2 13 n2ee
16.06.2018 61°02.84N 02°05.06H 16:15:10 17:25:00 NA NA NA NA NA 25 o2
16.06.201¢ 17:51:55 19:02:00 NA NA NA NA NA 36 neet
16.06.2018 61°00.62N 02°03.35H 20:33:25 21:49:00 45 119 0.1 76 17115 <10 a
17.06.2018 61°06.99N 02°02.96H 07:44:20 09:08:00 3.2 44 0.4 5 0571 13 neee
17.06.2018 61°12.92N 01°54.66H 10:26:50 11:49:00 21 75 0.4 78 0.5 10 2
17.06.2018 61°11.16N 01°50.91H 12:44:56 13:58:00 2.8 125 0.3 138 0.5 36 02
17.06.201§ 15:00:50 NA 6.2 109 0.3 169 0.5| Bom NA
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Aktiviteter

. Ekkoloddmalinger av sild med flyvende drone
. Maskineri og miljgdata logging og integrering
. Stimovervaking fer og tidlig kast med Simrad SN90 sonar

1
2
3
4. Utskytbar instrumesbnde- fiskeatferd, stgrrek og art
5. Catch and handling stress effectsvitality

6

. Fotografering av sild for analyse av skjelltap og hudskader

1. Ekkoloddmalinger av sild med flyvende drone

Birdview AS, Simrad og Havforskningsinstituttet har utviklet et systder fiskestimer blir

malt med vitenskapelig ekkolodd (Simrad ES200CDK transducer med Simrad WBT mini
transceiver) festet under flyvende droli&let i dette prosjektet er a bruke drone til & observere
fisketetthet og vertikalfordeling fer og unden@st med not og sammenligne dataene med
flerstréle sonarobservasjoner. Maling av fiskestimer med drone kan ogsa veere interessant for
fiskeringeringen og bestandsestimering i fremtiden, spesielt om man i tillegg kan identifisere art

og starrelse i sanntid.

Transceiver var montert i en Relise box sammen med batteriomgformerog festet til dronen
(Figur 11 0g 1.2). Transducer hang i @m lang kabel og ble senket i vannet ved hjelp av den
flyvende dronen og kunne da male fiskestimer. WBT mini ble opfeeeen FZ pa baten via et
radiomoden{(Figur 1.2b) Det var da mulig & starte/stoppe pinging og sende komprimerte VBS
(volum backscattering) data til baten under operasj¢Rgur 1.2c). | tillegg lagres radata i
minnebrikke festet til transceiver fotter-prosessering (Figuk.2d). Det var en del problemer

med styringen av dronen pa grunn av forgtigeri magnetfeltet som igjen pavirket kompasse
Dronepilotene gikk over pa delvis manuell styring og da gikk styring av drone relativt bra.
Flytiden varkun pa cal5 minutter og dronen er fglsom for vind og regn. | fremtiden vil det
veere behov for & utvikle / bruke en annen type drone. Sildestimene var sma og vanskelige &
treffe med dronen, men vi fikk en del malinger av fisk som ble visualisert i dasgiagret

(Figur 1.2c og d. Sonar pa egen og andres bater ga imidlertid en del stgy pa ekkoloddet pa

dronen.
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Figur 1.2. Birdview AS opererer flyvende drone med ekkolodd (Simrad E$Z00DK transducer ogVBT mini
transceiver)a). Data hir overfart fra drone til pc gjennom radiolink (b). Dataenie \abualisert med et program
skrevet av Gavin Macaulayl (c). Radata lagret i instrumentbokseémderdronen etterprosesssi Isss (d).
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2. Maskineri og miljgdata logging og integrering

Innsamling og sammenstilling aigealer fra fartgyet er nifig blant annet for fiskeadferol
utvikling av nye beslutningsveiy. M/S «Eros»har tidligere blitt utstyrt metbggeutstyri
Ratatosk fra SINTEF som sammenstilleng loggeren rekke ulike signalkilder fra utstyr om
bord Det har blitt utviklet eprogram som deler informasjonen fra logtgyrtil en tredjeparts
programvarei Noldus Observer XTi i sanntid. En aktivitet under toktet var dermed a
sammenkoble disse programmegesgrge for asignalene fant veierira Ratatosk til Observer
XT. | forkant av toket ble detforespurt en rekke signalesomdet er gnskelig & logge i
forbindelse med adferdsanalysgéttersom ikke alle disse signalever tilgjengeligi Ratatosk
fra tidligereinstallasjorr, var en annen aktivitétutforske nyenstrumenteringsmetoder som
enkelt kan tilgjengeliggjgrenformasjon omdekksmaskineriTabell 2.1 gir en oversikt over

signaler som bléforsgkt)gjort tilgjengeligi lgpet av toktet.

Snurpevinsjene befinner seg under dekk og det er ikke lett tilgjengelig signalvei for kablede
signalkilder tilbrua hvor loggeutgtet er montertDet ble forsgkt montert sma blatannenheter

pa vinsjtromlensom maler orienteringdensikten var & kunne male omdreininger av tromlene
og dermed kunne gi et estimat pa vinsjet vaierlengde og hasfiigtetar mulig & fa signaler

opp til brua ved tradlgs blatannkommunikasjon, rilése tilstrekkelig palitelig for god maling

av vinsjenei sanntid Utplassering aloggeutstyri neerheterblatannenheter ga mer palitelige

malingetr men ikke tilgjengeliggjering av signaler i sanntid.

| tillegg til maskineri, navigasjon og ma@data logget med Ratatosk, blir mange andre data
kilder kompilert og lagret | NOLDUS Observer XT software, bland annet sanntidsvideo av
fiskeprosessen, og atferdog miljgdata fra fangstovervakingsprob&ompilerte og
tidssynkroniserte data kan sa brukes til integrerte analyser om fiskeatferd under fangst (Figur
2.1).
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Tabell 2.1. Signalliste M/S «Eros»

Signal

Fartgy kurs over grunnen
Fartgy GPS posisjon, WGS 84
Fartgy fart over grunn

Fartgy hastighet gjiennom vannet
Akselerasjon 3 akser
Hastighetsendringer, 3 akser
Fartgyets kurs

Rate of turn

Rullvinkel

Orientering 3 akser
Orienteringsendring, 3 akser
Dybde

Dybde under transducer
Dypgang baug

Dypgang hekk

Maskineri

Oljeforbruk hjelpemotorer
Effekt hjelpemotorer
Propellturtall

Propellstigning

Propellturtall
Akselgenerator effekt

Effekt thruster baug

Samlet effekt thrustere hekk

Hjelpemotorer oljeforbruk
Hjelpemotorer elektrisitetsproduksjon
Hjelpemotorer last

Hovedmotor oljeforbruk
Hovedmotor last

Hovedmotor turtall

Power take in, power

Power take off, power

Totalt oljeforbruk delt pa total effekt
Totalt oljeforbruk

Total elektrisitetsproduksjon

Total last

Normalisert oljeforbruk
Fremdriftvirkningsgrad

Fremdrift pitch

Fremdrift pitch prosent

Fremdrift effekt

Signalnavn
Vessel.cog
Vessel.lat, Vessel.lon
Vessel.sog
Log.speed
Acceleration
DeltaVelocity
Gyro.hdt

Gyro.rot

Roll_degree
EulerAngles
OrientationRate
Depth.depth
Depth.depthBelowTransducer
DepthBow
DepthStern

Hjelpemotorer (AE1, AE2)
Machinery.AE{1,2}.cons
Machinery.AE{1,2}.power
Machinery.propeller.RPM
Machinery.propeller.pitch.percent
Propeller.RPM
Machinery.ShaftGenerator.power
Machinery.Thruster.bow
Machinery.Thruster.stern

Vessel.machinery.auxCons
Vessel.machinery.auxEIProd
Vessel.machinery.auxLoad_kW
Vessel.machinery.meCons
Vessel.machinery.meLoad_kW
Vessel.machinery.meRpm
Vessel.machinery.ptiPower
Vessel.machinery.ptoPower
Vessel.machinery.sfc
Vessel.machinery.sumCons
Vessel.machinery.sumEIProd
Vessel.machinery.sumLoad_kW
Vessel.nfc
Vessel.propulsion.efficiency
Vessel.propulsion.pitchPd
Vessel.propulsion.pitchPercent
Vessel.propulsion.power

Enhet
rad
deg
m/s
m/s
m/s”2
m/s
rad
rad/s
deg
rad
rad/s

3 3 3

kg/h
KW
Hz/60
%
Hz/60
KW
KW
KW

kg/h
kW

kW
kg/h
kW
Hz/60
kW

kW
kg/kWh
kg/h
kW

kW

%

%
kW
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Fremdrift effekt til jet propeller Vessel.propulsion.powerToPropellerJet kW
Propellturtall Vessel.propulsion.rpm Hz/60
Hastighet gjennom vannet Vessel.propulsion.speed m/s
Propell skyvkraft Vessel.propulsion.thrust kN
Propell dreiemoment Vessel.propulsion.torque kKNm

Manglende data / under arbeid

Snurpevinsjer PurseWinch.aft, PurseWinch.forward Hz/60
Vindfart, absolutt Wind.trueSpeed m/s
Vindretning, absolutt Wind.trueDir rad
Vindfart, relativ Wind.relSpeed m/s
Vindretning, relativ Wind.relDir rad
Stremprofil

Strgmlag x dybde Current.x.depth m
Stregmlag retning, absolutt Current.x.direction rad
Strgmlag fart, absolutt Current.x.speed m/s
Redskap dybde Scanmar.depth m

Live Video

Ratatosk

Media
Recorder
e Navigation

s Epnvironment Y 7

* * ¢ Observer XT Catch Monitoring

. Behawour
..- N-me » \| [T

t t 4 M%w

* FEngineering

e Environment |
Remote Integrated @q
Logging Analysis

Devices

Figure 2.1 An overview of the compilation and integration of data (behavioural, engineering, environmental, and
navigational) from several sources (vessel, live video, remote logging devices, catch monitoring devices and user
defined inputs) via the Ratatosk;Lhx, Media Recorder and Observer XT systems.
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3. Stimovervaking far og under fangsti SN90

Stimene atferd og reaksjon til fangste overvaket med Siradl SN90 sonar far og under fangst
(Figur 3.1.).Far fangst og under utsetting av not var dataene bra. Under snurping mistet vi i
stort sett signalet fra stimen, foruten i de stegrste fangstene der vi til tider hadde gode data ogsa
under snurping. Under innhaling av not varierte kvaliteten pa dataemengtigikk ofte inn i
notveggen lengst unna baten og da var det ikke mulig a skille stimen fra nota. Notveggen var i
stort sett godt synlige pa skjermen, mens de sma stimene var vanskelige a skille fra andre ekkoer
inne i noten. Det var mystgyi sonarsigalene, fra ekkoloddene og de andre sonarene (SU90

ca 27 kHz, SC90 85 kHzDataene ble bedreai38 kHz ekkolodd ble slatt avil tross forat

Eros har montert SN90 sonaren i senkekjglen,8can under overflatenble de akustiske
signalene blokkert av Itdoblestay fra sidérustere.

SIMRAD &I v 1O = al © N s iis oo 36w aroex

SN-D20180617-T150420

) \ ~ % ) 2 R 2 Akl re
& \ k : /' Not ;

Sildestim - vertikalsnit

Sildestim -
horisontalsnitt

Enkelstréle horisontalt
gjennom stimen V. - &
)

Figur 3.1 Skjermdump fra SN90 sonaren. Et snitt gjennom stimen kan ses vertikalt og horisontalt. | tillegg vises
data fra en enkel strale gjennom stimen som et ekkogram. Stim xx under utsetting (a) og innhaling av not (b).
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Figur 3.2 Prosesserte data fra I§psogram for etterprosessering av akustiske d&tgyiren til hgyre visebatens

(lilla) og stimens (rade) posisjonétimen svemte i sarestig retning med en fart pdmtrent0.5 knopog baten

sirklet to ganger rundt stimen, farste runde er for & overvake stistenglse og atferdvemmehastighetg

retning for & vite hvorah best & sett ut nota og stgrrelse pa stimen. Den andre sirkelen er nar noten blir satt ut rundt
stimen.Til venstre ser man hvdan ekkostyrken fra stimen varierer avhengigd®n relative vinkelen mellom
stimens svgmmeretning og den akustiske str&etation angle er vinkelen dekustiskestralene treffer stimen

relativt til svgmmeretning.

4. Utskytbar instrument sonde- fiskeatferd, starrelseog art

To monitor and characterise the catch (with respect to species composition, individual size
distribution and behaviour), as well as describe environmental conditions in the net (i.e.
temperature and dissolved oxygen concentrations), IMR/HI is developmgCéich
Monitoring Probe (CMP). This system comprises several different instruments, including: a
pneumatic canon (for deploying the probe into the catch); a shock proof housing (to protect,
support and stabilise the instruments during deployment andtapgr a Sony 360 Camera

(for complete contextual views around the probe); a Weeview SID stereo camera (for making
3D measurements inside the catch, including fish size); RINKO ID oxygen, temperature &
depth logger; and compass and tilt sensors (for tegthe orientation of the probe during
operations). In addition to the CMP, a simpler version of the monitoring probe (containing;
a RINKO ID oxygen, temperature & depth logger; and GoPro 5 camera) was attached to the
vessel 6s cat ch ptchadying pampingnehere it would bé thoehazardous

to deploy the CMP (figurd.1).
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Preliminary analysis of the data has revealed that during most of the capture process, the small
fish schools (max: 36 tonnes) remained relatively uncrowded andwieaning, with no
evidence of any significant hypoxia (figu#). However, during pumping the catch became
very crowded and oxygen concentrations as low as 36.6 % saturation (3.67mg/l) (cast 05)

were observed.

Figure 4.1The Catch Monitoring Probfitted to the catch pump.
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Figure 4.2.Examples of oxygen and depth profiles from the catch monitoring probe (CMP); top cast 01 and bottom cast 09.
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Table 4.1. Performance of individual instruments in the Catch and Pump Monitoring Probes.

Cast Catch Monitoring Probe (MK I1I) Pump Monitoring Probe
Canon 360 Camera Stereo Oxygen & Compass & Go Pro Oxygen &
deployment Camera Temperature Tilt Sensor Camera Temperature
Logger Logger
Switched ofi
1 Ok Ok Sid#1 - Ok Ok during Ok Ok
depolyment
2 NA NA NA NA NA NA NA
Switched of Protective caf Switched ofi Photo Protective
3 Ok during Sid#2 - Ok  lefton - during onl can left on
depolyment blown off depolyment y P
4 Ok Ok Sid#1 - Ok Ok Ok Ok Ok
5 Ok Ok Sid#2 - Ok Ok Flooded Ok Ok
6 Ok Ok Sid#1 - Ok Ok NA Ok Ok
7 Ok Ok Sid#2 - Ok Ok NA Ok Ok
8 Ok Ok Sid#1 - Ok Ok NA Ok Ok
9 Ok Ok Sid#2 - Ok Ok NA Ok Ok
Sid#1
10 Ok ok Switchedoft NA NA NA
before
depolyment

In general, both probes fuiened well. Although, inevitably, with such a complex assembly
of instruments, individual instrument failures did occur that prevented complete data
collection from some casts (tabdel). Some instruments switched off before or during

deployment:

- Stereocamera (SID#1) in cast 10, this camera switched itself off before
deployment. This was not noticed until the film was reviewed after the cast, and the
cause remains unknown.

- 360 Camerd in cast 3, the camera switch off during deployment, due to a
misdignment of the camera in its waterproof housing.

- Compass and tilt sensbiin casts 01 and 03, the instrument shut down unexpectedly
while being shot from the canon. It was suspected that some electronic components
may be loose, so the electronics weneacked, with additional shock absorbing
foam, which appeared to solve the problem in cast 04. Unfortunately, the water
proof housing for this instrument flooded in cast 05. A new wattof housing,

containing additional @ings, will be constructed fdhe next tokt.
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Due to the rapid repetition of casts (up to 7 in one day), and the complexity of probe
deployment and downloading operations, some operational errors occurred resulting in lost
data (e.g. cast 03). To address this, a system of checkafegdards were introduced, which
significantly improve data recovery rates; e.g. using warning tags to ensure safety caps are

removed before probe deployments.

The new probe housing functioned well, with regards to protecting and stabilising the
instruments. However, several issues were identified during the trials that will require further
work before the next tokt. Firstly, it was noticed that air was unintentionally being trapped
inside the body of the housing, making the submerged half of the praigebmoyant than
designed (and therefore unstable). Holes were drilled in the outer casing of the housing, to
ensure that the wet sections flooded more quickly. However, preliminary analysis of the
oxygen/depth data and video footage has revealed trat ihstill some air retention for at

least the first 5 minutes of the deployment. More importantly, as the air is slowly bubbling
out of the housing, it appears to be increasing the localised dissolved oxygen concéntration

thus affecting the reliabtly of the probe oxygen measurements (figu).

Secondly, the probe housing is now heavier than initially planned, which limits how far it can
be shot into the net (approximately 20 m). Short range deployments can be extended to the
outer part of thenet (i.e. away from the vessel), by allowing it to drift out from the initial
point of deployment. However, options for reducing the weight of the CMP were discussed,
including reducing the number of instruments. This may have some advantages foethe ste
camera, which ideally should be deployed as soon as possible in the capture iptocess
ensure an early characterisation of the catch (species composition and individual size
distribution), particularly once the retine link to the system has beeeveloped.
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Figure 4.3.Paired stereoscopic images from different stages of the capture process.

With regards to the steramamera, further analysis is required to determine whether the
Weeview SID camera is suitable for catch characterisation. Deaidifyation of the system,

it was noticed that distance measurements are inaccurate irdtheizsion (i.e. into the
image) due to poor depth of field resolution because of the small distance (5cm) between to
two camera lenses. Images from this tokt lused to determine whether measuring fish
that are swimming approximately perpendicular to the camera (i.e. with minimal reference to
the zdimension) can be used for accurate mean length/weight characterisation compared to
measured catch stgamples(Figure 4.3) This would be advantageous, because the SID
camera has several useful features, including: it is a commercially available product: is light
weight; and outputs a single synchronised video stream of paired images (thus avoiding image
synchronigtion issues, particularly during live feed transmissions). If not, it will be
necessary to develop a new camera system, which has lens separation distances optimised for
catch characterisation.
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5. Catch and handling stress effects on vitality

A key objective of WP5 is to be able to determine the st(essvelfare) status of the catch

at different stages of the capture process, which will also be linked with catch quality. In
addition to monitoring the behaviour of fish in the catch (see&) on this tokt we also used

a suite of behaviours/reflexes to monitor ¢t
catch after pumping from the net. AVitalityo
is, or conversely how close to deatlsit Its objective measurement relies on using a selection

of behavioural metrics, or reflexes, that can reliably indicate their ability to respond to a range

of different stimuli, both contextual and physical. In this assessment, nine different metrics

were used; 5 free swimming observations (in an observation tank) and 4 observations while
handling (see table 5.1).

Figure 5.1 Left: fish are sulsampled from the pumped catch for a vitality assessment; and right: a herring is
examined for vitality.

Sub-samples from the pumped catch from four casts were assessed for vitality (casts 1, 3 4
and 7). Of these, three (cast 1, 4 and 7) were further assessed wstngulbs taken from

the refrigerated seawater tanks (RSW) (Table 5.2). Sampling from the&®g\continued,

at approximately hourly intervals, until a fresh catch was added to the tank; after which there
would be no way of determining the origins of the sample from the tank. Each tank was also
monitored using a SAIV CTD/O logger (for temperatudepth, conductivity and dissolved
oxygen). However, the CTD/O failed at approx. 19:27 on 16/6/18 (cause unkmpmssibly

low operating temperatures), after which no further data could be collected.

Mean RSW tank temperatures were consistentlythems-1 °C. Although, small peaks in

temperature were observed when the catches were added to the tanks, due to the higher
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ambient temperature of the seawater in which the fish were taken froriG):1Dissolved
oxygen decreased in each tank over tina@idly, following the addition of the catch; but

then the depletion rate gradually slowed (figure 5.2).

Table 5.1 Record of catches and the refrigerated seawater (RSW) tanks they were stored in. Cast monitored
for vitality are highlighted in green.

Cast catch Tank Tank sizeDensity (tonnes/rﬁ) CTD/O

(tonnes) (m3) per catchcumulative  Record
Castl 20 Stbd #2 187 0.107 0.107 y
Cast 3 5 Stbd #2 187 0.027 0.134 y
Cast 4 25 Port #2 187 0.134 0.134 y
Cast5 36 Port #2 187 0.193  0.326 y
Cast 6 6 Port #2 187 0.032 0.358 y
Cast7 13 Port #3 210 0.062 0.062 n
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Figure 5.2. Temperature®C) and oxygen concentration (% saturation) in-&igerated seawater tank (RSW
PORT #3 during and after the additional of catch of cast 4 (and including the addition of catch from cast 5).
Periods when samples from the catch of cast 04 are monitored for vitality are shown as blue shaded areas.

Mean vitality scores generally decreasedrdime, but some fish remained alive in the RSW

tanks for several hours after capture and pumping (figure 5.3). Moreover, preliminary results
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suggest that rate of decrease in vitality may be related to the relative sizes of the catches
transferred intdhe RSW tanks, with larger catches associated with more rapid reduction in
vitality. It is suspected that this may be linked to the hypoxic conditions developing in the
RSW tanks, but there is currently insufficient data to test this. Work will contiincalect

vitality related data on subsequent cruises, with the aim of determining the cause of death of

the fish after capture and its likely effects on quality.

Figure 5.3 Vitality scores from sutlsamples of herring taken during pumping, antdsequently from the RSW
tanks. The rate of decline of the vitality scores appears to be related to the size of the respective catch.



