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Forord

Denne rapport redeger gennem en kortfattet hovedrapport og gennem en raekke mere
fyldestgerende bilag i appendiks for det arbejde og de resultater, der er opnaet i
delprojektet “redskabsselektivitet”. Delprojektet indgar som et selvstaendigt element i
projektet "Forvaltningsplaner og dansk fiskeri - Projekt under udviklingsprogrammet for
beeredygtigt fiskeri og selektive fangstmetoder”.

Denne projektrapport omhandler udelukkende det gennemfarte arbejde i delprojektet om
redskabsselektivitet i den samlede projektperiode (2006-2007). Delprojektet omtales
herefter blot som “’projektet” samt den mere precise projekttitel ”Simulering af
selektivitet i fiskeredskaber”. Hovedrapporten er skrevet pa dansk mens bilagene er
skrevet pa engelsk. Hovedrapporten bestar af et resumé efterfulgt af fire kapitler
omhandlende de udviklede metoder og veerktgjer samt resultater opnaet med anvendelse
af disse. Hovedrapporten afsluttes med en diskussion, der ogsa indeholder forslag til
hvordan der kan arbejdes videre med metoderne og deres anvendelse pa konkrete
problemstillinger. Appendiksdelen gennemgar i langt starre detaljeringsgrad emnerne
omtalt i hovedrapporten og dokumenterer bedre det udferte arbejde og de opnaede
resultater. Af praktiske arsager er hovedrapport og appendiksdel indbundet i to separate
bind.

Projektet ”Simulering af selektivitet i fiskeredskaber” er gennemfgart af personale fra
”Fiskeriteknologisektionen” Institut for Akvatiske Ressourcer, Danmarks Tekniske
Universitet placeret i NordSgen Forskerpark i Hirtshals. Til fremstilling og design af
forsggs- og maleudstyr er der brugt intern assistance fra det mekaniske varksted under
instituttet og vedr. specificering og anskaffelse af IT og elektronisk udstyr desuden
assistance fra instituttets IT-afdeling. Personale fra andre afdelinger ved instituttet har i
forskelligt omfang desuden veret behjelpelig med fremskaffelse af og opbevaring af de
levende fisk og jomfruhummere der er anvendt i projektet. Eksternt har F.G. O’Neill fra
FRS, Aberdeen, Skotland bidraget til arbejdet der rapporteres.

Hos Fiskeriteknologisektionen har falgende medarbejdere bidraget til gennemfarelse af
projektets videnskabelige indhold og til afrapporteringen af dette:

Bent Herrmann, Ludvig A. Krag, Rikke P. Frandsen, Bo Lundgren, Niels Madsen, Karl-
Johan Steehr.

Yderligere oplysninger om ”Simulering af Redskabsselektivitet” kan indhentes fra

projektlederen (Bent Herrmann). For oplysninger om hovedprojektet hvori delprojektet
indgar henvises til den overordnede projektleder (Eskild Kirkegaard).

Hirtshals januar 2008
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Resumé

Mal og planlagt indhold

I henhold til projektkontrakten har vi i projektet udviklet en selektionsmodel der, baseret
pa viden om fiskenes morfologi og eksisterende redskabsselektionsdata, gar det muligt at
vurdere et redskabs selektivitet. Et delmal er at blive i stand til at udarbejde en
designguide, der, for de vigtigste danske arter, beskriver de selektive egenskaber for
forskellige typer redskaber. Guiden skal bl.a. bruges til at radgive om optimal
sammenhang mellem redskabets selektivitet og mindstemalet pa de respektive arter. Der
vil blive etableret en database med de ngdvendige morfologiske data.

Projektet er delt op i tre hovedaktiviteter:

1. Indsamling af data. Laboratorieforsgg, der identificerer de morfologiske
karakteristika, der er afgerende for maskepenetrering for forskellige arter.
Udvikling af effektiv maleprocedure baseret pa vision-teknologiske og
mekaniske metoder. Derefter gennemfares morfologimalinger pa et starre
antal individer.

2. Udvikling af selektionssimuleringsveerktgj. Et veerktgj, der kan beregne
selektionen med anvendelse af morfologiske data, fiskeadferd og
redskabsdesign samt redskabets respons pa fysiske parametre som
fangstmangde og andre relevante parametre for slaebet. Simuleringsverktgjet
evalueres ved sammenligning mellem eksisterende eksperimentelle data og
modelberegninger.

3. Prognoseberegninger. Der udvikles en prognosemodel, der kan beregne et
fartgjs forventede fangst samt de forventede driftsekonomiske konsekvenser
ved designandringer i fangstposen.

Faktisk projektindhold og opnéede resultater.

Der er udviklet en metodik og tilhgrende veerktgjer til at identificere, opsamle og
analysere morfologiske parametre af vigtighed for maskepassage. Maleproceduren
omfatter anvendelse af et specialudviklet konturveerktgj (MorphoMeter), scanning af
veerktgjet og digital billedbehandling i et specialudviklet dataopsamlings-, analyse og
simuleringsprogram FISHSELECT. Programmet indeholder faciliteter, der muliggar
forudsigelse af de basale selektive egenskaber for maskepaneler med forskelligt design
(masker af forskellig starrelse og facon). Programmet kan anvendes til at udarbejde en
designguide og undersgge om der er et fornuftigt fornold mellem de eksisterende
mindstemal og sterrelsen hvorover fisken eller skaldyret forventes tilbageholdt af det
anvendte paneldesign under givne forhold. Med paneldesign henvises her til de net-
paneler trukne redskab er sammen sat af. Metoden abner ogsa for nye muligheder til at
optimere fremtidige paneldesigns til anvendelse i trukne fiskeredskaber.

Der er foretaget dataindsamling for torsk, radspette, kuller, pighvar, rgdtunge, gratunge
samt jomfruhummer. Der foreligger databaseoplysninger for de morfologiske egenskaber
for alle arterne pa nar for jomfrunummer. Oparbejdning af data for torsk og redspette er
fuldt afsluttet og der foreligger designguides for disse arter for fglgende masketyper:
diamant, kvadrat, rektangel og heksagonal samt ristsystemer. For kuller, pighvar og



radtunge foreligger en designguide for diamantmasker. For gratunge og jomfruhummer
har det inden for projektets rammer ikke veret muligt helt at feerdiggere dataanalysen.
Der har nationalt veeret en del presseomtale af projekts metoder og forelgbige resultater.
Der har veeret international praesentation af metode og forelgbige resultater i ICES regi’
(posters og symposium praesentation). Internationalt er der udtrykt interesse for at
adoptere metoden. Der foreligger 3 manuskripter til videnskabelige artikler for forelgbig
1: metode, 2: anvendelse pa torsk og 3: anvendelse pa radspatte.

Der har ogsa vaeret arbejdet med alternative metoder til bestemmelse af de morfologiske
grunddata.

PRESEMO, der er et computerprogram, der simulerer og visualiserer fangstprocesserne i
et trawls fangstpose, er blevet videreudviklet og testet op mod eksperimentelle
selektionsdata for kuller (pa basis af eksisterende morfologiske data) som beskrivelse for
rundfisk. Der blev opnaet ret god overensstemmelse. Resultaterne er dokumenteret i en
videnskabelig artikel, der forudsiger hvordan selektionen i fangstposer af diamant masker
afhanger af maskestarrelse, antal masker i omkredsen, tradtykkelsen samt af den
akkumulerede fangstmangde.

PRESEMO er bl.a. blevet udvidet med en prognosedel, der kan sammenligne forventede
fangstmangder under og over mindstemalet for forskellige fangstposedesigns (forskellig
maskevidde, antal masker i omkredsen og netpanelernes tradtykkelse). Det har ikke inden
for projektets rammer veeret muligt at videreudvikle PRESEMO pa basis af de
FISHSELECT data, der er indsamlet i projektet. PRESEMO har i projektperioden veret
praesenteret pa en international konference samt varet inddraget i internationalt
radgivningsarbejde.

FISHSELECT og PRESEMO er begge bygget op omkring en grafisk brugerflade og kan
begge afvikles pa en PC med hurtig CPU under et Microsoft Windows operativsystem.
Begge software-veerktajer er velafpravede og fungerer teknisk robust og stabilt.
Udviklede male- og hjeelpe-veerktgjer er gennemprevede og forefindes i funktionsduelige
eksemplarer. Til gennemfgrelse af de tidskraevende simuleringskarsler samt til
dataopsamling er der anskaffet IT-udstyr og andet ngdvendigt elektronisk udstyr.

Det vurderes at de udviklede metoder, varktajer og de hermed opnaede resultater nu er
pa et sadan niveau at det vil veere hensigtsmassigt at inddrage dette i radgivningen om
tekniske reguleringer i fiskeriet. Samt i forbindelse med udvikling af nye selektive
fiskeredskaber. Forskningsmaessigt forventes metodernes anvendelse at kunne bidrage til
starre viden om fundamentale processer involveret i starrelsesselektion i trukne
fiskeredskaber.



Kapitel 1: Beskrivelse af FISHSELECT metodik og veerktgjer

FISHSELECT er en metodik til at bestemme og beskrive de morfologiske betingelser,
der afgar om fisk og krebsdyr kan treenge gennem masker og ristsystemer i trukne
fiskeredskaber. FISHSELECT er baseret pa en kombination af laboratorieforsgg med
friskfangede levende individer, data opsamling, data analyse og computer simulering.
FISHSELECT software-veerktgjet, der er udviklet som en del af projektet understatter
alle disse opgaver. Verktgjets faciliteter er beskrevet i appendiks A9, mens metodikken
og det matematiske grundlag herfor er beskrevet i detaljer i appendiks Al.

De fire hovedelementer (a til d) i FISHSELECT metodikken beskrives efterfalgende kort.
Et overblik for metoden fremgar ogsa af posteren i appendiks A12.

a. Forsgq i laboratoriet og data indsamling.
For hvert individ registreres leengde og veegt. Facon og starrelse af de tvaersnit pa
individerne som potentielt kan have betydning for om individet kan traenge igennem
masker og ristsystemer registreres ogsa. Dette gares ved at bruge et specialudviklet
konturveerktgj “mekanisk MorphoMeter” som tager af aftryk af fiskens facon i et valgt
tvaersnit (se appendiks Al afsnit 11 samt appendiks A12, der ogsa beskriver arbejdet med
udvikling af en alternativ metode). Ved hjelp af en scanner og digital billedanalyse
digitaliseres informationen fra MorphoMeteret i en computer. Tvarsnitsdataene
parameteriseres og beskrives efterfalgende automatisk pa basis af nogle grundlaeggende
geometriske former. Ved regressionsanalyse relateres parameterverdierne for
tveersnitsbeskrivelserne og deres varians til leengden af individerne. Alle data opsamles
og analyseres i FISHSELECT software-veerktgjet. Fig. 1. illustrerer denne proces.

Fig. 1. Processen for tveersnitsmaling: aftryk af tveersnit med MorphoMeter,
scanning/billedanalyse, tveersnitsparametrisering, dataformatering,
regressionsanalyse (fra venstre).

Plader med huller af forskellig sterrelse og facon bruges til at imitere et stort antal masker
af forskellig starrelse og facon (Appendiks A10 beskriver det praktiske arbejde omkring
implementering af pladerne samt med at relatere deres geometrier til ”rigtige” masker).
For hver maske og hvert individ undersgges og registreres det om individet kan treenge
igennem masken under indflydelse af tyngdekraften alene. Fig. 2 illustrerer denne proces.



Fig. 2. Gennemraengningsforsrag og dataregistrering (gennemfald — ikke
gennemfald).

b. Simulering af laboratorieforsgg med maske gennemtraengning.
| FISHSELECT-softwaren er der indbygget modelerings- og simuleringsfaciliteter, som
kan anvende de morfologiske beskrivelser af individtveersnittene og informationer om
maskegeometrier. Med disse faciliteter simuleres gennemtraengnings-forsggene. Desuden
inkluderes anvendelse af data fra et eller flere tveersnit for hvert individ og mulighed for
forskellige mader til og niveauer for deformation og komprimering af tversnit under
forsgg pa at treenge igennem masker. Ved automatisk at generere
sammenligningsparametre, der angiver hvor godt de eksperimentelle resultater stemmer
overens med de tilsvarende simulerede data, bestemmes hvilken passagemodel, der bedst
forklarer maske gennemtrangningen for en specifik art. Passagemodellen kan vare
baseret pa et enkelt tvaersnit eller en kombination af flere og hvert tveersnit kan antage
forskellige grader af kompression eller deformation. Fig. 3 illustrerer dette. Under
simuleringen visualiseres det lgbende hvordan tvaersnittene med den antagne
komprimering passer i forhold til de enkelte maskehuller.
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Fig. 3. Modelparameterdisplay og tvaersnit/masket“ihlipésningsdisplay under
simulering.
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Ved at studere sammenligningsparametrene kan det indirekte bestemmes hvilke
tveersnits-informationer der skal anvendes og hvordan der skal tages hgjde for eventuel
kompression af disse ved simulering af maskepassage. | alt bengvnes disse informationer
en passagemodel.




c. Dannelse af virtuel population.
Pa basis af regressionssammenhangene for de parametre der indgar i beskrivelsen af de
tvaersnit der, ifglge den identificerede passagemodel, har betydning for mulighederne for
at en given art kan treenge igennem masker, kan der nu dannes en virtuel population med
en vilkarlig starrelsesfordeling. Fig. 4 viser oversigtsdisplayet for en sadan population.
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Fig. 4. Starrelsesfordeling samt datarecords og parametre for en virtuel population
med to delkomponenter.

d. Simulering af basale selektionsegenskaber.
Pa basis af den fundne passagemodel (fra b) og en virtuel population med relevant
starrelsesfordeling (fra c) foretages nu en ny serie af simuleringer i hvilke der anvendes
parametre for forskellige nye maskepaneler. Pa denne made er det, ved at anvende
FISHSELECT-softwaren, muligt at estimere basale selektive egenskaber
(selektionskurver) for nye og eksisterende netpaneler i forhold til de arter der studeres.
For et specifikt design er det dermed muligt at vurdere om der er en rimelig balance
mellem designets selektive egenskaber og de fastsatte mindstemal (MLS) for relevante
arter. Fig. 5 illustrerer dette.

L50 versus mesh opening angle (d90)
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Fig. 5. Basale selektive egenskaber for en diamantmaske og mindstemal i forhold til
L50 ved forskellig maskeabning.

ICES har anbefalet at MLS svarer til L25, der er den leengde hvor 25 procent af de fisk
der kommer ind i redskabet tilbageholdes. Da simuleringerne af L25 har en tendens til at



veere overestimerede pa grund af lille SR, nar det kun er en enkelt maske der tages i
betragtning, har vi valgt at sammenligne MLS med L50. Dette er altsa en fravigelse fra
forsigtighedsprincippet, men sammenligningen giver stadig en meget tydelig indikation
af mulige uoverensstemmelser mellem den del af fiskene, der tilbageholdes af redskabet
og den del det er lovligt for fiskeren at bringe i land.

Det er ogsa muligt at danne sakaldte designguides, der pa tabel-form angiver de basale
selektive data for en lange raekke beslaegtede designs som f. eks for diamantmasker med
forskellig maskevidde og forskellig abningsvinkel. Denne type data kan benyttes til at
konstruere plots bestaende af kurver for konstant L50 som funktion af maskevidden og
abningsvinklen (isolinieplots). Et isolinieplot giver et hurtigt overblik over hvordan de
selektive egenskaber kan afhange af samspillet mellem flere parametre. Fig. 6 viser et
eksempel for maskevidde og maskeabningsvinkel.

L50 (cm) versus meshsize and opening angle
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Fig. 6. Forventet variation af L50 med maskevidde og maskedbningsvinkel for
diamantmasker.
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Forskellige typer af isolinieplot kan benyttes i udviklingsarbejdet med at finde frem til
nye fiskeredskaber med mere optimale og veldefinerede selektionsegenskaber samt til at
vurdere selektionen i eksisterende.

Anvendelser af FISHSELECT metodikken
Den udviklede FISHSELECT metode og veerktgjer kan arts-specifikt anvendes til:

- udarbejdelse af design guides for netpaneler herunder for undslippelsesvinduer
samt for ristsystemer.



- evaluere starrelsesselektionen | de redskaber der i dag anvendes i fiskeriet med
trukne i redskaber.

- give et bedre grundlag for design af nye selektive redskaber der skal testes ved
forsagsfiskeri.

- hjeelpe med at forsta resultater fra forsggsfiskeri og placere dem i en
systematisk ramme.

- give basis data for videreudvikling af simuleringsveerktgjet PRESEMO (kapitel
3).

Det naeste kapitel gennemgar art for art de opnaede resultater i projektet med nogle
bemaerkninger relateret til ovenstaende.



Kapitel 2: Indsamlede FISHSELECT data og resultater

Med anvendelse af FISHSELECT metoden og de tilknyttede vaerktgjer, der er beskrevet i
foregaende kapitel, er der indsamlet og analyseret data for falgende arter af kommerciel
betydning for dansk fiskeri: torsk, kuller, radspztte, pighvar, radtunge, gratunge og
jomfruhummer.

De efterfglgende afsnit beskriver kortfattet art for art arbejdet hermed og de opnaede
resultater. En mere fyldestgerende beskrivelse kan findes i appendiks.

Feelles for alle fisk, der er blevet anvendt i forsggene er at de er blevet aflivet med
bedgvelsesmiddel umiddelbart far anvendelse.

Torsk (Gadus morhua).

Den mere fyldestgarende beskrivelse findes i appendiks A2, mens et overblik med tidlige
forelgbige resultater fremgar af posteren for studium om torsk er i appendiks A12.

I alt 75 torsk blev anvendt i forsggene. Til gennemfaldsforsggene blev der anvendt 118
forskellige maskehuller hvilket resulterer i 8850 resultater til at bestemme
passagemodellen udfra. Det mekaniske MorphoMeter blev benyttet til at bestemme
tvaersnitskonturen to steder pa hvert individ: hoved (CS1) og krop (CS2) (Fig. 7).

—-LLELLT = * ' - =
Fig. 7. A. Placering af malte tveersnit pa torsk og MorphoMeter operationerne B.
indleegning. C. justering af malepinde. D. scanning af kontur.

Det viste sig at en ellipse beskrev begge tveersnit tilfredsstillende for alle undersaggt
starrelser af torsk (eksempel i Fig. 8).

Cs1 CcSs2

Small (31 cm) O O

Medium (48 cm) O Q
Large (64 cm) Q Q
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Fig. 8. Ellipser tilpassede tvaersnitskonturerne pa forskellige starrelser af torsk.

Det viste sig tilstreekkeligt kun at basere passagemodellen pa CS1 (tvearsnit pa hovedet)
0g antage en asymmetrisk komprimering af dette. Gennemfaldsresultaterne viste
indirekte sa stor mulig kompression af CS2 at dets mal ikke havde praktisk betydning for
maskepassage selvom bade hgjde og bredde af dette tvaersnit var sterre end for CS1. Med
brug af passagemodellen og en virtuel torskepopulation med individmal bestemt ud fra
den leengdebaserede regression af tvaersnitsdataene (de morfologiske database
oplysninger), blev der foretaget et stort antal simuleringer med forskellige
maskegeometrier. Resultaterne blev efterfglgende benyttet til at konstruere designguides
for: diamant masker (Fig. 9a), rektanguleere masker (Fig. 9b) samt for heksagonale
masker (Fig. 9c). Det bemarkes at egenskaberne for kvadratiske masker indgar som
specialtilfelde i alle tre plot.

L50 (cm) versus meshsize and opening angle L50 (cm) versus mesh size and squareness factor L50 (cm) versus bar length and opening angle
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Fig. 9a-c. Isolinieplots for simulering af sammenhang mellem maskevariabler og
L50 for torsk.

| Fig. 9a ses tydeligt at for samme maskevidde vil L50 vare meget afhaengig af
abningsvinklen, iser ved sma vinkler, hvilket ofte forekommer i diamantmaskede
fangstposer. Det vides at abningsvinklen kan variere meget med fangstmangden og med
positionen i posen, men ogsa med designparametre som antallet af masker i omkredsen
og tradtykkelsen. Med den kraftige afhaengighed af L50 for torsk af abningsvinklen som
Fig. 9a viser betyder det at maskevidde alene ikke er egnet til at regulere
starrelsesselektion af torsk i diamantmaskede fangstposer. Endvidere kan disse forhold
veere med til at forklare den betydelige variation der ofte forekommer i starrelsesselektion
mellem traeek med det samme redskab eller mellem redskaber med samme maskevidde.
Dette kan meget vel ogsa vare en arsag til den store selektion range (SR: L75-L.25) der
ofte findes for torsk. Ifalge designguidedataene for SR (ikke vist) er SR for hver enkelt
maske ret lille. | dette tilfeelde bidrager kun morfologiske forskelle mellem individer af
samme starrelse til SR og der ma altsa vaere andre mekanismer der bidrager til starrelsen
af de eksperimentelt observerede verdier for SR.

For at opna en mere kontrolleret og konstant starrelsesselektion af torsk ved anvendelse
af diamantmaskepaneler er det pa baggrund af ovenstaende vigtigt med anordninger der
holder abningsvinklerne inden for nogle tilsigtede og velafgrensede verdier. Dette vil
bade give en mere stabil L50 mellem forskellige traek og et mindre SR. Begge forhold vil
medvirke til en mere kontrollabel stgrrelsesselektion.
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Sammenlignes Fig 9a-b-c ses ligeledes at &ndringer i maskefaconen for samme
maskevidde kan resultere i meget forskellige L50. Dette er yderligere illustreret pa Fig.
10.

CS1 measured CS1 penetration model
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Fig. 10. Sgjle 2 viser tveersnittet ved hovedet komprimeret 18% i bredden ifglge den
optimale passagemodel for torsk og viser for forskellige masketyper hvilken
maskevidde der netop skal til for at et tilfeeldigt individ pa 40 cm kan traenge
igennem. Abningsvinklen er for alle masketyper den optimale. Sgjle 1 viser de
samme masker men her med det ukomprimerede tveersnit.

\

0

Fig. 10 viser tydeligt at en optimalt udformet heksagonal maske skal have en vasentligt
mindre maskevidde end de mere traditionelle diamant- og kvadrat-formede masker for at
give den samme torsk mulighed for at traeenge igennem. Det bemaerkes i gvrigt at den
optimalt abne diamant (abningsvinkel 75°) har en mindre maskevidde end kvadraten.
Med FISHSELECT resultater kan man kvantificere denne forskel og give et skan for
hvilken maskefacon, som er optimal i et givent fiskeri.

Mindstemalet (MLS) for torsk i Kattegat-Skagerrak er 30 cm og for Nordsgen er det 35
cm. | Kattegat-Skagerrak foreskriver lovgivningen mindst 90 mm diamantmasker der ud
fra isolinieplottet i Fig. 9a ville kreeve en mindste abningsvinkel af stgrrelsesorden 50
grader for at basis L50 skulle svare til MLS. | visse dele af Nordsgen foreskriver
lovgivningen minimum 120 mm hvilket ville kreeve en abningsvinkel pa lidt over 40
grader for at L50 svarer til MLS her.

Kuller

Den mere fyldestgarende beskrivelse findes i appendiks A4. | alt 80 kuller blev anvendt i
forsggene. Til gennemfaldsforsagene blev der anvendt 132 forskellige maskehuller
resulterende i 10560 resultater til at bestemme passagemodellen ud fra. Det mekaniske
MorphoMeter blev benyttet til at bestemme tvaersnitkonturen tre steder pa hvert individ
CS1, CS2 og CS3 (Fig. 11).
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Fig. 11. Placering af malte tveersnit pa kuller.

Som for torsk viste det sig at alle tre tvaersnit kunne beskrives rimeligt ngjagtigt som en
ellipse. Den morfologiske beskrivelse af tvarsnittene for kuller kunne derfor reduceres til
at beskrive hgjde og bredde for ellipser for hvert af de tre tveersnit. Disse morfologiske
grunddata dannede herefter grundlag for regressionsanalyserne hvor tveersnitstarrelserne
og -faconerne blev relateret til l&engden. Regressionsparametrene blev senere anvendt
som grundlag for dannelse af virtuelle populationer. Fig. 12 viser plot af regressionerne.
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Fig. 12. Regressionsanalyse for tvaersnitsparametre for kuller.

For alle tre tveersnit viser Fig. 12 en tydelig sammenhang mellem tvaersnittenes starrelse
og leengden af fiskene. Disse data og analyseresultater udger de morfologiske grunddata
for kuller.

Simuleringen af gennemfaldsforsggene viste, som for torsk, at det kun er ngdvendigt at
tage hensyn til tvaersnittet ved hovedet (CS1). Desuden skal dette tveaersnit komprimeres
asymmetrisk for at fa en god overensstemmelse mellem simuleringer og forsggene i
laboratoriet.
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Fig. 13. Ellipse tilpasset CS1 for kuller. Ydre: ukomprimeret. Indre komprimeret
13% i bredden ifglge optimal passagemodel.

Fig. 13 viser ellipsen brugt i passagemodellen for kuller hvor der anvendes CS1. Den
yderste kurve repraesenterer et typisk tveersnit for en kuller mens den inderste det samme
tveersnit komprimeret ifglge passagemodellen.

Pa basis af regressionerne for sammenhangene mellem individlengde og
tveersnitsstarrelse og passagemodellen blev der simuleret data til fremstilling af en
designguide for diamantformede masker. Fig. 14 viser denne designguide.

L50 (cm) versus meshsize and opening angle

60 80
| 1

O Opening angle (degree) <>
40

20
|

80 100 120 140 160 180 200

< Meshsize (mm) :

Fig. 14. Isolinieplots for simulering af sammenhang mellem maskevariabler og L50
for kuller.

Ved at sammenligne med resultaterne for torsk i foregaende afsnit, ses det at guiden for
diamanter har samme tendenser hvorfor mange af de samme observationer som blev
anfart for torsk ogsa vil geelde for kuller om end de praecise veardier vil veere lidt
anderledes. Dette indikerer derfor at det naeppe i nevneverdig grad vil veere muligt at
selektere mellem torsk og kuller ved maskeselektion pa basis af morfologiske forskelle.
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For kuller er geeldende mindste mal for bade Nordsgen og Kattegat-Skagerrak 32 cm.
Mens lovgivningen forskriver henholdsvis 120 mm og 90 mm maskevidde. Ud fra Fig.
14 forudsiges at 90 mm maskevidde vil give en L50 der altid er mindre end MLS uanset
abningsvinkel. For de 120 mm ser det bedre ud da dette kraever en abningsvinkel der er
mindst 40 grader.

Ovenstaende eksempel viser, som for torsken, hvordan oplysningerne i designguiden kan
anvendes i et farste overordnet gennemgang af de tekniske reguleringer for fiskeriet.

Redspaette (Pleuronectes platessa)

Den mere fyldestgarende beskrivelse findes i appendiks A3, mens et overblik med tidlige
forelgbige resultater fremgar af posteren for studium om redspeette i appendiks A12.

Der blev i alt anvendt 70 radspetter i forsggene. Tversnittet blev registreret 3 steder pa
hvert individ (Fig. 15). Der blev anvendt 118 forskellige maskehuller til
gennemfaldsforsggene resulterende i 8260 resultater til at bestemme passagemodellen ud
fra.

Fig. 15. Placering af malte tvarsnit pa radspette.
De tre tvaersnit blev bestemt med anvendelse af MorphoMeteret og det blev undersggt

hvilken geometrisk basisfacon der bedst kunne anvendes til de tre snit. Fig. 16 viser fit af
fem forskellige faconer til snittene pa en typisk radspatte.
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CS1 CS2 CS3

D

ELL mean diff. 1.42 mean diff. 1.74 mean diff. 3.02

sd mean diff. 0.07 sd mean diff. 0.08 sd mean diff. 0.17
HEL . waed™ - —

mean diff. 0.63 mean diff. 0.79 mean diff. 1.62

sd mean diff. 0.02 sd mean diff. 0.02 sd mean diff. 0.06
TRI N LN T

mean diff. 0.82 mean diff. 0.86 mean diff. 0.98

sd mean diff. 0.05 sd mean diff. 0.05 sd mean diff. 0.04
TRA LN L

mean diff. 0.52 mean diff. 0.58 mean diff. 0.73

sd mean diff. 0.02 sd mean diff. 0.04 sd mean diff. 0.02
ATR LN T S TS

mean diff. 0.42 mean diff. 0.5 mean diff. 0.65

sd mean diff. 0.03 sd mean diff. 0.04 sd mean diff. 0.04

Fig. 16. Tilpasning af ellipse (ELL), halvellipse (HEL), triangel (TRI), symmetrisk
trapez (TRA) eller asymmetrisk trapez (ATR) til de tre udvalgte tvaersnit pa
en regdspeette.

Ud fra resultaterne gengivet pa Fig. 16, blev det fundet at en asymmetrisk trapez (ATR)
gav en god beskrivelse af alle tre snit.

Simulering af gennemfaldsforsggene resulterede i en passagemodel der anvender en
kombination af tveersnit 1 og tvaersnit 3. Dette giver mening da hovedet reprasenterer den
starste faste (ikke komprimerbare) hgjde og tversnit 3 den starste bredde. Modellen blev
efterfglgende anvendt i simuleringer med en virtuel population dannet pa basis af de
morfologiske regressioner til dannelse af designguide data for diamant masker,
rektangulaere masker og heksagonale masker. Fig. 17 viser designguides for rgdspaetter
fremstillet pa basis af disse simuleringer.
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L50 (cm) versus meshsize and opening angle L50 (cm) versus mesh size and squareness factor L50 (cm) versus mesh size and opening angle
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Fig. 17. Isolinieplots for simulering af sammenhang mellem maskevariabler og L50
for rgdspeette.

I Fig. 17a, der er designguiden for diamantmasker, ses at L50 afhanger af
abningsvinklen. Men for dbningsvinkler mellem 20 og 60 grader er de selektive
egenskaber ret konstante og naermest optimal for passage i fht. radspeattemorfologien.
Sammenlignet med de tilsvarende resultater for torsk og for kuller, er L50 vaesentligt
mindre afhangig af abningsvinklen inden for dette interval (20-60 grader). Denne
mekanisme kan meget vel veere arsagen den meget mindre SR-verdi der eksperimentelt
er fundet for selektion af rgdspeetter i diamantmaskede fangstposer sammenlignet med
SR for kuller og torsk. Sammenlignes L50 for forskellige masketyper (Fig. 17a-17c) for
samme maskevidde ses, i modsetning til for rundfisken, at der ikke umiddelbart er nogen
fordel at hente selektionsmaessigt ved den heksagonale maske i forhold til
diamantmasken. For kvadratmasken (gverst i 17a-17c) ses derimod at L50 er ca. 20%
lavere end for en optimalt aben diamant ved en maskevidde pa 90 mm.

| Kattegat-Skagerrak er MLS 27 cm for redspatte og mindste tilladte maskevidde i
fangstposen er 90 mm mens Fig. 17a forudsiger at L50 ikke vil veere hgjere end i bedste
fald 20 cm. For at L50 skulle svare til MLS forudsiges at maskevidden bgr veere mindst
120 mm. Resultater fra eksperimentelt fiskeri med maskevidde 92.5 mm har indikeret en
L50 pa 21.9 cm, hvilket umiddelbart passer rimeligt med designguiden. Dog skal der
udvises en hvis forsigtighed med forudsigelserne da vores studie ogsa har vist at vi i
nogle tilfeelde med simuleringen underestimerer L50 med optil ca. 10% ( se appendiks
A3 for nermere redeggrelse). Under disse simuleringer antages det at abningsvinklen for
maskerne varierer jeevnt mellem 20 og 50 grader under undslippelsesforsggene og hver
fisk tildeles kun en chance for at slippe gennem maskerne.

Pighvar (Psetta maxima)

31 pighvar blev anvendt til forsggene. Den detaljerede gennemgang er i appendiks A5.
Hvert individ fik malt tvaersnittet tre steder ligesom de gvrige fladfisk. Grundet
pighvarrens store bredde blev MorphoMeteret anvendt i en sarlig tvillingopstilling (Fig.
18 gverst).
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Fié. ié.'*i"\'/ill?i‘ﬁgops:[illi'ng af 'i\/lorphoIVIéte"r-ét for maling af pighvar.

Nederst pa Fig. 18 vises et digitaliseret og konturdetekteret tveersnit ved hjzlp af de
indbyggede billedanalyse funktioner i FISHSELECT-softwaren.

Der blev i alt anvendt 132 forskellige maskehuller til gennemfaldsforsggene. Dette gav i
alt 4092 resultater at bestemme passagemodellen ud fra. Fig. 19 viser eksempler fra
gennemfaldsforsggene.

Fig. 19. Gennemfaldsforsgg med pighvar.
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Det blev under gennemfaldsforsggene med pighvar observeret at disse var meget stive og
mindre deformerbare sammenlignet med andre fladfisk. Det viste sig ret let at finde frem
til en passagemodel med fin overensstemmelse med gennemfaldsresultaterne. 1 denne
model blev der kun taget hgjde for tvaersnittet hvor kroppen er bredest. Efterfglgende
simuleringer blev anvendt til at fremstille en designguide for diamantmasker (Fig. 20).

L50 (cm) versus meshsize and opening angle

Y

opening angle (degree)

80 100 120 140 160 180 200
> meshsize (mm) <>

Fig. 20. Isolineplots for simulering af sammenhang mellem maskevariabler og L50
for pighvar.

| Fig. 20 ses at L50 vil vare hgjest og nogenlunde konstant for abningsvinkler mellem 40
0g 60 grader. For Kattegat-Skagerrak foreskrives MLS pa 30 cm for pighvar. Fig. 20
viser at for at opna en L50 svarende til dette kreeves en maskevidde pa mere end 200 mm.
Med den geldende lovgivning med maskevidde 90 mm forudsiges at individer der er
mindre end halvdelen af mindstemalet vil blive fanget.

19



Rgdtunge (Microstomus Kitt)

En naermere redegarelse er i appendiks A6. Der blev anvendt 69 individer og 132
maskehuller. Dette gav 9108 resultater til at bestemme passagemodellen ud fra. Fig. 21
viser billeder fra gennemfaldsforsggene.

Fig. 21. Ger;émfaldsforsbg med rgdtunge.

Pa hvert individ blev tveersnittet malt tre forskellige steder. Fig. 22 viser billeder fra dette
og opsamlingen af scannerdata til computer.

.
A e

Fig. 22. Opmaling og scanning af tveersnitskonturer for rgdtunge.

Gennemfaldsdataene og de scannede tvaersnit blev brugt til at bestemme en egnet
passagemodel. Tilsvarende som for rgdspztte blev denne baseret pa en kombination af
tveersnit 1 og tvaersnit 3. Efterfglgende simuleringer dannede grundlagt for at konstruere
en designguide for diamantmasker. Fig. 23 viser denne.
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L50 (cm) versus meshsize and opening angle
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Fig. 23. Isolinieplots for simulering af sammenhang mellem maskevariabler og L50
for rgdtunge.

| Fig. 23 ses at der kraeves en maskevidde pa over 110 mm for at L50 skal svare til
mindstemalet for Kattegat-Skagerrak pd 26 cm. For den tilladte maskevidde pad 90 mm
forudsiges L50 til ikke at overstige 22 cm.

Gratunge (Solea vulgaris)
Dette afsnit gennemgar status for gratunge-resultaterne (en mere udfgrlig gennemgang
findes i appendiks A7). Hvert individ fik tveersnittet malt tre steder (Fig. 24)

Fig. 24. Opmaling og placering af tvaersnitskonturer for gratunge.

Konturaftrykkene, der blevet registeret med MorphoMeteret, blev scannet og opsamlet i
den tilsluttede laboratoriecomputer (Fig. 25).
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Fig. 25. Scanning af tvaersnitskonturer for gratunge.

Der blev anvendt 132 forskellige maskehuller til gennemfaldsforsggene. Fig. 26 viser
billeder fra disse. Gratungens krop kan deformeres betydeligt (Fig. 26). Der blev i alt
anvendt 74 individer hvilket gav 9768 gennemfaldsresultater til at bestemme
passagemodellen ud fra.

Fig. 26. Gennemfaldsforseg med gratunge.

Alle data er opsamlet og de morfologiske grunddata bestemt. Men det har ikke inden for
projektperioden vaeret muligt at feerdiggere dataanalysen. Derfor foreligger der ikke
designguides for gratunge som resultat i dette projekt. Men dataene til at feerdiggere dette
er til stede.

Jomfruhummer (Nephrops norwegicus)

For jomfruhummer forventes undslippelsesforsggene at veere en mere passiv proces end
for fisk hvilket betyder at dyrets orientering i forhold til maskerne i mange tilfeelde vil
veere mindre optimal under forsgg pa maskegennemtraeengning. Derfor undersggte vi
gennemfaldsmulighederne for forskellige orienteringer af individerne. Der blev farst
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gennemfart et pilotforseg med kun 20 individer hvor 8 forskellige orienteringer ved
maskekontakt blev undersagt (Fig. 27).

—

" !E‘ -
hummer ved 8 forskellige orienteringer.

]
Fig. 27. Gennemfaldsforseg med jomfru

En simuleringsbaseret sammenligning med eksperimentelle selektionsresultater viste at
hvis vi anvendte en kombination af tre af disse kontaktorienteringer (1, 2 og 5) kunne vi
forklare eksperimentelle resultater (Fig. 28).
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Fig. 28. Sammenligning af tilbageholdelsen af jomfruhummer i 70 mm
kvadratmasket fangstpose. Trekanter er eksperimentelle resultater mens kvadrater
er simulerede.

Ud fra ovenstaende blev et starre forsgg med 70 individer designet og gennemfart. Der
blev kun anvendt de tre identificerede kontaktorienteringer. Til hovedforsgget blev der
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anvendt 160 forskellige maskehuller. Dette giver 3x70x160=33600
gennemfaldsresultater. | hovedforsgget blev der ogsa foretaget scanninger af forskellige
morfologiske karakteristika. Fig. 29 viser et eksempel herpa.

Det har ikke inden for projektet veeret muligt at analysere dataene fra hovedforsgget. Men
de forelgbige resultater fra pilotforsgget har demonstreret at vi med FISHSELECT
metoden kan leere noget om de fundamentale mekanismer der sandsynligvis spiller en
rolle for starrelsesselektion af jomfrunummer i trukne fiskeredskaber.

Fig. 29. Eksempel pa bpmling af tveersnitskontur for jomfruhummer.

Appendiks A8 beskriver i flere detaljer resultater og arbejdet med jomfruhummer i dette
projekt.
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Kapitel 3: Beskrivelse af PRESEMO

I det foregaende kapitel beskrev vi eksempler pa hvordan FISHSELECT-metoden kan
tilvejebringe kvantitativ viden om indflydelsen af; arternes tvarsnits-morfologi,
netpanelers maskefaconer og netpanelers maskesterrelser, pa fiskens passagemuligheder
gennem netpanelerne. Denne viden er nyttig og brugbar i sig selv som demonstreret bade
med hensyn til radgivning om tekniske reguleringer 1 fiskeriet samt 1 forbindelse med
udvikling af nye selektive redskaber. Men den kan ogsa tjene som basis information i en
mere dynamisk model, der detaljeret folger de @ndringer der sker 1 den bagerste del af
fiskeredskabet i lgbet et trawltrek og som desuden inddrager en deskriptiv baseret model
for fiskenes adferd i1 denne del af redskabet. Simuleringsprogrammet PRESEMO
(PREdictive SElective MOdel) er en realisering af en sidan model. PRESEMO muligger
simulering af selektionsprocesserne i trawls fangstposer. Der har under projektet varet en
omfattet anvendelse af PRESEMO til simuleringstudier af storrelsesselektionen af
rundfisk 1 diamantmaskede fangstposer (kapitel 4). Endvidere er faciliteterne 1
PRESEMO er blevet udvidet i forbindelse med dette projekt. Dette kapitel indeholder
derfor en kortfattet beskrivelse af PRESEMO. For en mere detaljeret beskrivelse af
modellen og grundlaget for denne, henvises til artiklen (Herrmann, 2005a) samt til PhD-
athandlingen (Herrmann, 2005b). Et overblik over mulighederne med PRESEMO
fremgar ogsé posteren i appendiks A14.

PRESEMO simulering af trawl treek

PRESEMO er implementeret ud fra en individbaseret strukturel model for
storrelsesselektionen i trawls fangstposer. Modellen simulerer ankomsten af forskellige
populationer af fisk til fangstposen 1 lgbet af et trawl traek. Hvert individ tildeles en vegt
og tversnitssterrelse ud fra sin lengde, og under antagelse af at tvaersnittet er elliptisk.
Individerne tildeles enkeltvis en tid de bruger pa at passere ned gennem fangstposen, en
tid mellem flugtforseg, en tid de kan svemme i posen uden at blive udmattede og
pakningstathed ndr de opholder sige foran fangstopbygningen i posen. Et flugtforseg er
succesfuldt hvis individet kan traenge igennem masken det sted i fangstposen hvor
forseget finder sted. Maskens dbningsvinkel er en funktion af fangstposens geometri, der
athanger af fangstmangden. Geometrien bestemmes uden for PRESEMO og importeres
til programmet. Individer som ikke undslipper inden de udmattes, falder tilbage i fangsten
1 posen og bliver en del af fangsten. Fangstposens geometri opdateres kontinuerligt i takt
med fangstopbygningen under traekket. Under simulering visualiseres ligeledes
selektionsprocesserne lgbende, da indgangstidspunkt, bevagelsesmonster i posen og
flugtforseg for de enkelte individer ogsa vises. Efter endt simulering tilpasses en logistisk
funktion til de simulerede selektionsdata til bestemmelse af L50 og SR. Modellen er
strukturel da den sdledes er baseret pa information om de fundamentale mekaniske,
hydrodynamiske og biologiske processer, der er styrende for selektionen i fangstposer.

PRESEMO benytter information om fangstposens design, individ adferd,
passagemodeller, individernes storrelsesfordelinger og antal, og individernes morfologi.
PRESEMO indeholder en lang reekke faciliteter til at beskrive og teste forskellige mader
at modellere og simulere disse aspekter pa. Fig. 30-32 illustrerer hovedsekvensen for at
opsa&tte, gennemfore og analysere en enkel fiskeriproces med anvendelse af PRESEMO.
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PRESEMO — simulation of haul

Input to simulation towing time

-time for hauling

Morphological data:

-length distribution foilly {0 surface
-cross section shape imbokinind -escapement
Behaviour data: T

-swimming time

-time between escape Cod-end design data:
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on how the shape of
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dependent on the selected build up in the cod-end
type of distribution Selaction

parmsters

Fig. 30: input til simulering.

PRESEMO simulation of haul

A haul is simulated using a time

step technique over the fishing
Fish data o huang
s
process. in Ao

At each time step:

-cod-end shape is updated The process is
based on current catch weight Simudation of haul continually visualized
-for each fish position is updated that is the entry time,
and check for escape attempt the movement-pattern

haul data

and exhaustion level is and the escape
performed. attempts of individual
-Exhausted fish are added to the | fish are shown as well
catch which then is Updated. i as Changes in the cod-
-Escapement is successful if the end shape

fish can pass through the mesh Salbcers =

in question based on fish cross

section , mesh size and shape.

Fit of statistical
model to data

Fig. 31: simuléring af trawl treek.
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Fig. 32: analyse af traeekdata.

PRESEMO stokastisk simulering af gentagne traek

En funktionalitet muligger gentagne simuleringer med den samme fangstpose under
varierende fiskeriforhold ved at randomisere de parametervardier som har indflydelse pa
fangstprocesserne. Dette muligger undersogelse af selektion, fangsteffektivitet og discard
omfang for den samme fangstpose under en lang rakke varierende fiskeriforhold. Fig. 33
illustrerer dette for 1000 gentagne traek. En nejere beskrivelse af denne teknik og dens
anvendelser kan findes i artiklen (Herrmann og O’Neill, 2005).
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Fig. 33: simulering af gentagne trak.
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PRESEMO simulering med forskellige fangstpose designs

En funktionalitet muligger simulering og sammenligning af performance for forskellige
fangstposer under de samme varierende fiskeriforhold. Dette giver en hurtig og billig
made til at vurdere konsekvenserne af at implementere forskellige fangstpose-designs.
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Fig. 34: simulering med forskellige fangstposedesigns og sammenligning af
resultater.
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I vinduet vist pa Fig. 34 omhandler faciliteterne nederst sammenligning af fraktionen for
fangsteffektivitet over og under MLS malt 1 henholdsvis vagt og individantal. Disse
faciliteter, der er udviklet og implementeret i PRESEMO som en del af dette projekt, kan
benyttes til konsekvensvurderinger omkring relative &endringer i fangsteffektivitet for
fangst (over MLS) og for discard (under MLS) ved @ndringer i de tekniske regler i et
givet fiskeri.

Udvidelsesmuligheder i PRESEMO.

I dag er PRESEMO modellen begranset til handtering af fisk hvis tvarsnit kan beskrives
ved hjelp af en ellipse. Vores resultater med FISHSELECT har vist at dette er en rimelig
beskrivelse for torsk og kuller. I modsatning dertil har vores FISHSELECT studier ogsa
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vist at det ikke er tilfzeldet for de fladfisk vi testet. Vores resultater (kapitel 2) har
tilvejebragt de data og passagemodeller som muligger en fremtidig udvidelse af
PRESEMO til ogsa at simulere storrelsesselektion af disse arter fladfisk.

En anden begraensning i PRESEMO 1 dag er at det kun er muligt at simulere
passagemulighederne gennem diamantformede masker. FISHSELECT resultaterne
muligger fremtidig udvidelse af PRESEMO til at handtere simulering af selektion
gennem masker med en vilkarlig facon af de arter vi har opsamlet FISHSELECT data for.
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Kapitel 4. Beskrivelse af PRESEMO resultater

Beskrivelse af studiet.

Dette kapitel omfatter en kort beskrivelse af et simuleringsstudie der er gennemfort i
projektet. PRESEMO blev anvendt til at forudsige hvordan sterrelsesselektionen af kuller
i fangstposer af diamantmasker athenger af designparametrene maskevidde, antal masker
1 omkredsen og tradtykkelsen. Desuden undersogtes effekten af fangstmaengden 1 posen.
En mere detaljeret gennemgang findes i appendiks A15. Da FISHSELECT resultaterne
for kuller forst foreld meget sent 1 projektforlebet er studiet gennemfort pd eldre
morfologi data for kuller fra litteraturen. For diskussion af eventuel effekt af anvendelse
af vores nye og bedre funderede resultater henvises til Appendiks A4. Vores studie
omfattede 100 forskellige fangstposedesigns, hvor der blev anvendt forskellige
kombinationer af maskevidde (M=80-160 mm), antal masker 1 omkredsen (N=60-140) og
tradtykkelse (T=3-6 mm). For hvert design blev der foretaget 1000 simuleringer under
varierende fiskeriforhold for bl.a. at belyse variationen mellem traek for de forskellige
designs. Saledes indeholdt dette studie 100.000 resultater fra simulerede enkelttraek. Fig.
35 viser screen dumps fra PRESEMO for nogle fa af disse simuleringer med forskellige
designs. Billederne viser fangstposens form ved forskellige mangder akkumuleret fangst.

W= 100 kg W=400 kg W=700 kg W= 1000 kg

IM=140|
IN=100
T=4

M=120|
IN=60
T=4

IM=12
IN=120|
=4

M=12
[N=100
T=6

Fig. 35. Screen dump fra PRESEMO: Fangstposens form ved forskellige
maskevidder i mm (M), antal masker i omkredsen (N), tradtykkelse i mm (T) og
fangstveegt i kg (W).
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Fordelinger af selektionsparametre

Fig. 35 viser tydeligt at fangstposernes geometri &ndres betydeligt som konsekvens af
den akkumulerede fangst bagerst i posen. Da maskedbningsvinklen for diamantformede
masker er direkte koblet til posens diameter vil den variere betydeligt. Det ses ogsa i Fig.
35 at fangstposernes diameter varierer betydeligt med afstanden til den akkumulerede
fangst. Dermed varierer ogséa abningsvinklen i maskerne med afstanden til fangsten.
Sammenholdes disse observationer med FISHSELECT designguiden for kuller (Fig. 14),
hvor der blev konstateret stor variation pa den maximale storrelse af kuller der er 1 stand
til at treenge igennem masker med forskellig 8bningsvinkel, ma det forventes at
selektionen af kuller vil kunne variere betydeligt mellem de enkelte trek. PRESEMO-
simuleringen i Fig. 36 viser denne variation hvor fordelingen af L50 og SR for nogle fa
fangstposer er afbildet pa basis af 1000 simulerede traek for hver.

(a) frequency L50 for different mesh sizes frequency SR for different mesh sizes
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200 1 Y
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Q Qo
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(C) frequency L50 for different twine thickness frequency SR for different twine thickness
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Fig. 36: Fordeling af L50 og SR for 1000 simulerede treek gennem en
fiskepopulation med givne stokastiske variationer a) for tre forskellige
maskevidder; b) for tre forskellige antal masker i omkredsen; c) for tre forskellige
tradtykkelser. Stiplet linie svarer til den mindste veerdi af den varierende
parameter.
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Sammenligning med eksperimentelle resultater

Pa Fig. 36 er det tydeligt at der kan vare en betydelig variation i selektionsparametrene
mellem traek for det samme redskab hvilket vi keeder sammen med parametrenes
folsomhed overfor maskedbningen ved sma maskeabninger (Fig. 14 og 35). Pa Fig. 36b
ses f.eks. at forskelligt antal masker i omkredsen af fangstposen har en tydelig effekt i
middelselektionen. Fig. 36a viser som ventet en tydelig forskel i middelselektionen for
varierende maskevidde. Fig. 36¢ viser endvidere en tendens hvor tradens tykkelse
pavirker middelselektionen dog mindre udtalt end for de to ferste parametre.

Pé basis af ovenstdende resultater blev der konstrueret en kubisk polynomium-model der
beskriver indflydelsen pa selektion af maskevidde, antal masker 1 omkredsen samt en
yderligere model der ogsa inkorporerede den total fangstvagt for treekket som variabel.
Disse to modelpolynomier blev fittet til de 100.000 simulerede traek-data for at afdaekke
variablernes interaktioner og effekt pa storrelsesselektionen. I Fig. 37 plottes disse to
modelpolynomier (] og A) sammen med diverse eksperimentelle data (¢). Desuden
indeholder plottene ogsé forudsigelser fra to eksisterende empiriske modeller (de fuldt
optrukne kurver). De stiplede kurver repraesenterer graenser indenfor hvilke 95% af
treekkenes selektionsverdier vil vere (pé basis af vores regressionsmodel hvor
fangstveegten er en tilfeldig faktor). Fig. 37a-c viser effekten af maskevidde for tre
forskellige antal masker i omkredsen (n). Kvantitativt ser vi en rimelig overensstemmelse
mellem vores data baseret pA PRESEMO-simuleringerne, de eksperimentelle data samt
med de empirisk baserede modellers forudsigelser. Fig. 37d viser effekten af antallet af
masker 1 omkredsen. Tendensen er her at L50 aftager nér antallet af masker oges i
omkredsen. Igen finder vi en rimelig overensstemmelse mellem vores simuleringer og de
eksperimentelt baserede resultater. Fig. 37¢ viser effekten af tradtykkelsen. Her findes en
tendens til svagt faldende L50 med oget tradtykkelse. Generelt finder vi for L50 en
rimelig overensstemmelse mellem resultaterne baseret pA PRESEMO og de
eksperimentelt baserede resultater for sterrelsesselektion af kuller. De fundne tendenser
viser at det at basere en lovgivning alene pa maskevidde ikke er hensigtsmaessig da andre
designparametre specielt antallet af masker i omkredsen kan have betydelig effekt pa
storrelsesselektionen af rundfisk i diamantmaskede fangstposer.

Indflydelse af designparametre og fangstvaegt

For at skaffe en overskuelig mide at se interaktionen mellem designparametrene og
fangstvaegten har vi pa basis af vores regressionsmodeller konstrueret isoplot-kurver for
selektionsparametrenes middelvaerdi. Fig. 38 viser eksempler for hvordan middel-L50
forudsiges at athange af maskevidden og antallet af masker i omkredsen. @Qverst vises for
fangstvaegt pa 400 kg, midt for 600 kg og nederst for 800 kg. Det ses ved sammenligning
af plottene at L50, for de samme vardier af maskevidde og antallet af masker i
omkredsen, stiger med fangstvagten i det range vi har undersogt.
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L50 versus mesh size n=100 and t=4 SR versus mesh size n=100 and t=4
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Fig. 37. Selektionsparametre (L50 og SR) for kuller i en trawlfangstpose som
funktion af maskestgrrelse (m), antal masker i omkredsen (n) og tradtykkelse (t)
ifglge modelsimulering med PRESEMO og forsggsfiskeri.



(a) L50 at 400 kg catch weight for 4 mm twine
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Fig. 38. Isolinieplot af selektionsparametre (L50 og SR) for kuller i en
trawlfangstpose som funktion af maskestarrelse (m), antal masker i omkredsen (n)
for 3 forskellige totale fangstvaegte ifalge modelsimulering med PRESEMO.

34



Resultaterne viser at vi kan benytte PRESEMO-simuleringer til at undersoge de
forventede konsekvenser af at @&ndre pd basale designparametre for en trawls fangstpose.
Resultaterne har ogsa vist den forventede effekt af @ndring i1 den totale fangstveegt.

For nermere diskussion af mulighederne henvises til appendiks A15. Dette studie gelder
kun for kuller. Grundet torsk og kullers morfologiske ligheder forventes lignende
resultater for torsk. For fladfisk kan vi meget vel forvente en helt anden effekt af
fangstveegten og antallet af masker 1 omkredsen ud fra hvad FISHSELECT-resultaterne
har vist (Fig. 17, 20, 23). Det har dog inden for dette projekts rammer ikke vaeret muligt
at realisere en sadan analyse.
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Kapitel 5: Diskussion

Evaluering af malopfyldelse

Forst 1 denne diskussion er det formalstjenligt at vurdere om det udferte arbejde i
projektet og de opnaede resultater lever op til de mal der blev sat for projektet. Resumeet
i begyndelsen af denne rapport anferte tre hovedaktiviteter/méal der herunder
kommenteres hver for sig.

Mal 1:

Indsamling af data. Laboratorieforseg der identificerer de morfologiske karakteristika der
er afgarende for maskepenetrering for forskellige storrelser og arter. Udvikling af effektiv
maéleprocedure baseret pa visionsteknologiske og mekaniske metoder. Derefter
gennemfores morfologimélinger pd et storre antal individer.

Resultat:

Med FISHSELECT-metoden og de tilherende verktojer beskrevet i kapitel 1 vurderes
det at der er udviklet en brugbar metode og egnede verktejer. Dataindsamling beskrevet i
kapitel 2 omfatter data for 7 vasentlige arter. Det vurderes at det gennemforte arbejde og
de hermed opndede resultater lever op til hvad der med rimelighed kunne forventes.

Mal 2:

Udvikling af selektionssimuleringsvarktej. Et vaerktej der kan beregne selektionen med
anvendelse af morfologiske data, fiskeadferd, redskabsdesign inklusive dettes respons pa
fysiske parametre som fangstmaengde og relevante parametre for slaebet.
Simuleringsvaerktejet evalueres ved sammenligning mellem eksisterende eksperimentelle
data og modelberegninger.

Resultat:

Simuleringsfaciliteterne implementeret i FISHSELECT og anvendt til at danne
designguide-plottene vist i kapitel 2, vurderes delvist at opfylde mélet idet de vurderes at
vare en nyttig og overskuelig information 1 forbindelse med gennemsyn af tekniske
reguleringer i fiskeriet. Designguiden vurderes desuden at kunne vere et nyttigt veerktoj i
forbindelse med udvikling af nye selektive fiskeredskaber. PRESEMO, beskrevet i
kapitel 3, vurderes pé det nuverende udviklingstrin at kunne opfylde resten af malet med
hensyn til simulering af selektion af rundfisk 1 diamantmaskede fangstposer. Dette
demonstreres af simuleringsstudiet i kapitel 4. Det vurderes derudover at FISHSELECT-
resultaterne gennemgaet i kapitel 2 har tilvejebragt grundlaget for pé et senere tidspunkt
at gore det muligt at udvide PRESEMO til ogsa at hindtere andre masketyper end
diamantformede og til at handtere fladfisk. Evalueringen af modelberegninger mod
eksperimentelle data menes ogséd opfyldt via studiet i kapitel 4 med PRESEMO.
Vedrerende simuleringsfaciliteter i FISHSELECT skal det bemarkes at det ogséd rummer
muligheder for at simulere gennemsnitlig selektion for en proces gennem definering af
maske-fordelinger og kontakthyppigheder. Disse faciliteter er pa nuvarende
udviklingstrin ikke pa samme niveau som faciliteterne i PRESEMO med hensyn til
simulering af gentagne trak, indkorporering af adferdskomponent, sammenligning
mellem redskaber, procesvisualisering og afviklingshastighed. Men til gengaeld er de
langt mere generelle med hensyn simulering af selektion for komplekse redskabsdesigns
bestdende af paneler med forskellige masketyper og placeringer og med hensyn til
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flugtmodeller og arter (se appendiks Al og A9 for mere om simuleringsfaciliteterne i
FISHSELECT). Generelt vurderes det at de to simuleringsvarktajer supplerer hinanden
godt og giver forskellige muligheder for analyser og pradiktioner. Varktgjerne stotter
derfor gensidigt op omkring en fortsat udvikling af begge.

Mal 3:

Prognoseberegninger. Der udvikles en prognosemodel der kan beregne et fartgjs
forventede fangst og de driftsoskonomiske konsekvenser ved designandringer 1
fangstposen.

Resultat:

Der er i projektet udviklet og implementeret en prognosedel til PRESEMO der kan
sammenligne den relative fangsteffektivitet over og under mindstemaélet for forskellige
fangstposedesign. Det vurderes at disse faciliteter delvist kan opfylde mélet. Dog er der
ikke direkte koblet en gkonomidel pa og den implementerede facilitet har endnu ikke
vaeret anvendt i et egentligt case-studium. P& baggrund af dette vurderes det at mélet kun
delvist er opfyldt.

Forskellige tekniske aspekter, anvendelser og udvidelsesmuligheder

Overordnet vurderes det at de udviklede metoder og varktejer gennem de dokumenterede
anvendelser er pa et niveau hvor de med fordel kan inddrages i radgivningsarbejde om
tekniske reguleringer i fiskeriet om end udviklingsarbejdet og dataindsamlingen ber
fortsaette. Det vurderes ogsa at metoderne og resultaterne fra anvendelse af dem kan vare
et nyttigt element 1 udviklingen af nye selektive redskaber. Det vurderes desuden at
arbejdet 1 dette projekt har vist at metoderne kan vaere med til, gennem deres anvendelse,
at tilvejebringe ny kvalitativ og kvantitativ viden om processer involveret i
storrelsesselektionen 1 trukne redskaber og dermed bidrage til forskningen. Der vurderes
at vere et betydeligt potentiale pa dette omrade specielt hvis anvendelserne keedes
sammen med resultater fra eksperimentelt fiskeri og provetanksforseg.

Fra udenlandske kollegaer er der udtrykt interesse for et samarbejde om metoderne og et
onske om at adoptere dem til konkrete anvendelser. Nationalt har projektet og de
anvendte metoder faet en del avisomtale samt har varet vist i regional -TV (appendiks
A13 omhandler pressedekningen).

digitized inside Parametric fitted
contour of mesh basic shape
e (diamond)

Fig. 39. In ndig maskekontur dgi eret med kantdetektion pa scannet billede
samt en idealiseret maskeform (diamant) tilpasset data.
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De udviklede designguides baserer sig péd forudsigelser af selektionen i idealiserede
maskefaconer der kan beskrives med én af nogle fa basisfaconer: diamant, kvadrat,
rektangel, heksagonal. Der er kun 1 begrenset omfang undersegt hvor godt disse
basisformer beskriver formen 1 rigtige netmasker nar de belastes som under fiskeri.
Appendiks A10 indbefatter en mindre laboratorieundersogelse af dette og har vist
hvordan en metode til det kan implementeres pa basis af scanning, digital
billedbehandling og tilpasning af faconparametrene (parametrisk fitting). Fig. 39
illustrerer denne teknik.

Denne teknik kunne udvikles videre og anvendes i et systematisk studium af maskernes
faktiske form og egenskaber i redskabsdesigns af relevans for danske fiskerier nu og 1
fremtiden. F.eks. 1 forbindelse undersogelse af evt. forskelle i selektionsegenskaber for
paneler nar de bruges som normal net (T0) og som 90 grader drejet net (T90) kan
metoden med fordel inddrages for at tilvejebringe objektiv og kvantitativ basisviden.

Bestemmelse af tvarsnitsmalene (morfologien) pa alle individer brugt i dette projekt er
fortaget med anvendelse af det mekaniske MorphoMeter i kombination med
scanningsteknik, digitalbilledbehandling og parametrisk fitting. Dette har fungeret ganske
tilfredsstillende men er ogsé tidskraevende nar mange individer skal opmaéles. Skal der i
fremtiden rutinemaessigt og regelmaessigt foretages opmalinger pé et stort antal individer
kan det vaere formélstjenligt at ferdiggere den alternative teknologi, der er beskrevet 1
appendiks A11. Denne er en optisk metode baseret pa digital billedanalyse af en laserlinie
diffust reflekteret fra den overflade som enskes opmalt. Metoden har veret undersogt i
projektet og findes lovende, men den er ikke feerdigudviklet inden for projektet. Fig. 40
illustrerer denne teknik og det pilotarbejde der er udfert i projektet.

LaserLine MorphoMeter
Pilot-setup

Camera view of reflected laserlight

Image analysis of reflected laserlight

intensity pattern across (vertical)

12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

relative pixel count vertical
i

Fig. 40. Pilotforsgg med optisk opmaling (triangulering) af tveersnit pa redspette.
Hgjre: Centrum af laserlinien findes med bedre pracision end pixelstarrelsen ved at
finde maksimum for en glat funktion (langs den gule linie) som tilpasses
intensitetsmgnstret pa tveers af linien midlet pa langs af linien.
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Affedte projektideer.

Udover ovenstiende teknologisk rettede aktiviteter og arbejde med at ferdiggere
analyserne for de arter hvor der er indsamlet data, kunne dette projekt fremadrettet pege
pa anvendelser i forbindelse med forsknings- eller radgivningsopgaver inden for emner
som (pa brainstorm niveau):

- Selektion af torsk 1 Ostersgen inkl. undersegelse af Bacoma og T90.

- Selektion for forskellige arter fladfisk i bomtrawl fiskeri.

- Indirekte adferdsanalyse af kuller i trawl. Herunder simulering af panelkontakt
sandsynligheder med her af folgende mulighed for at undersoge optimal placering af

paneler i trukne redskaber.

- Analyse af blandede fiskerier 1 Kattegat-Skagerrak herunder af discard og relativ fangst
effektivitet.

- videreudvikling af PRESEMO p4 basis af FISHSELECT resultater fra dette projekt.

- Udvidelse af simuleringsfaciliteter i FISHSELECT omkring discard og relativ fangst
analyser herunder indbygning af optimaliseringsfaciliteter.

- Undersogelse af nye maskefaconer til forbedring af selektion for specifikke arter inkl.
afprovning i eksperimentelt fiskeri.

- Undersagelse af metoder til at skabe mere stabilt &bne masker 1 fangstposer med henblik
pa at nedbringe variation i selektion mellem traek og indenfor treekket.

- Inkludering af flere kommercielt eller forvaltningsmaessigt interessante arter i
FISHSELECT.
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Abstract

A methodology (FishSelect) to estimate the morphological condition for mesh
penetration by fish in towed gears and its use to simulate the basic selective properties of
different nettings is presented. The output is a design guide listing predicted selection
parameters of the species and nettings in question. We developed a MorphoMeter which
is a mechanical tool to measure cross-section shapes of fish. The FishSelect framework
can be used in fisheries management as a design tool for optimizing selectivity of fishing
gears.

Keywords: Mesh penetration; Modelling; Fish morphology; FishSelect; MorphoMeter;
Selectivity; Towed gear

1. Introduction

Technical measures are widely used by fisheries managers to reduce the discard
and optimise the yield in a fishery. Traditionally, mesh size regulations are used to avoid
capture of fish under a certain size by allowing them to penetrate through the meshes.
Additionally, various selective devices have been tested and implemented in many
fisheries to enhance the species or size selective performance of fishing gears. Minimum
landing size (MLS) is used as an additional management measure in many fisheries to
avoid that fish under a given size is targeted and landed. A particular conflict, when
applying technical measures, exists in fisheries on mixed species. Differences in cross-
section shapes and other morphological characteristics between species often make it
difficult to find an optimal combination of mesh size and mesh shape that considers the
MLS of all species. An mismatch between MLS and the selectivity of the fishing gear can
either lead to a too high catch of fish under MLS or a reduced catch efficiency, due to
high losses of fish of legal sizes. The former may lead to high discard rates which are
observed in many fisheries. The latter may motivate an increased effort to catch the legal
quota resulting in increased fishing pressure on stocks and the marine environment, extra
fuel consumption or circumventing the regulations.

Thus, defining appropriate regulations for mesh sizes and mesh shapes for netting
deployed in gears for mixed fisheries is an important but also a complex task. Problems
are well-known in many fisheries and numerous design strategies for trawl gears have
been tested in mixed fisheries as well as single species fisheries over the last decade to
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improve the exploitation patterns. Implementation of these design strategies, which
includes inserting square mesh escape panels and/or grids, using 90 degree turned mesh
panels (T90) (EC Reg. 51/06; 2187/05; 15238/04; 850/98) and large mesh panels, has
made it an even more complex task for fisheries managers to define the optimal designs.

Technical measures are often assessed through experimental fishing or by discard
sampling from commercial fishing. These methods could be described as a trial and error
approach which is both time consuming and costly. This is also the reason for a lack of
sufficient knowledge for several species and fisheries that are nevertheless subjected to
technical conservation measures. We believe that it would be a better starting point to
theoretically assess the mesh sizes and shapes required to make it at least
morphologically possible for unwanted species or sizes to penetrate the meshes before the
gear is constructed and tested at sea. This view has also been put forward by Broadhurst
et al. (2006).

The objective of our work is to develop a methodology that asses the effect of the
morphological condition for mesh penetration for different species caught in towed gears.
Furthermore, we outline how the methodology can be applied to construct a mathematical
framework and a simulation tool for predicting the morphology-based selectivity
properties. The methodology can provide managers with indicative predictions of the
consequences on discard rate and catch efficiency as well as how these values are
affected by selecting different mesh sizes and shapes values for a specific fishery. If it
can be biologically justified, it may also be beneficial to adjust the minimum landing
sizes of some of the species in question. Besides being a new approach towards providing
information for both current and future gear designs and fisheries management, we
expect that the use of the above methodology will provide information to validate and
extend the penetration models used in the cod-end selectivity simulator PRESEMO
(Herrmann, 2005a; 2005b) to enable it to work with species other than round fish and
mesh shapes other than diamond shaped. This will provide fishery managers with a
computer simulation tool that can provide a faster and more justified basis for decisions
both on gears used in single species fisheries and in the complex multi species fisheries.
In the latter case, any decision will be a trade off between discards and yields of the
different species. The novel methodology presented here will aid in exposing these
consequences and thus improve the foundation for the decisions.

2. Theoretical considerations
2.1. Mesh penetration

To our knowledge there does not exist any standard method to assess which
morphological characteristics, that are decisive for the mesh penetration in towed gear. In
previous studies, maximum girth has mainly been used as a measure to relate fish
morphology to their ability to pass through meshes (Santos et al., 2006). But due to
differences in deformability of muscle tissue, guts and bone structures such as the skull,
we believe that max girth is inadequate in explaining the relationship between fish
morphology and mesh penetration.

For each species it is relevant to investigate and define:
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— Where along the length of the fish should the cross-section be measured and
which parameters should be measured there?

— Is there a need to measure fish cross-section at more than one position along its
length?

— Which geometrical descriptions can we use to describe the cross-section shapes of
different fish species?

— Can the morphological conditions for mesh penetration be modelled similarly for
different species of fish for example for round fish and flat fish?

— How can we test and validate a predictive model for the morphology-based
netting panel penetration?

— Can we quantify how close a fish is from not being able to penetrate a given mesh
or how far it is from being able to?

— Can we compare the predictive power of different potential models that can be
constructed?

It can be appropriate to view the condition allowing a fish to actually penetrate a
netting panel in a towed fishing gear as consisting of two of sub-conditions for
penetration that both need to be fulfilled:

1) The morphological condition. The geometrical relation between the cross-
section size and shape of the fish, and the mesh size and shape allow the fish
to pass through.

i1) The behavioural condition. The fish must either actively attempt to pass

through the panel or be forced mechanically towards it. An important element

is that the fish is able to meet the panel oriented in an optimal way to penetrate

it.
Recognizing the above, we argue that the first step in the process of designing a new
selective fishing gear for a specific fishery should contain a procedure to select panel
designs fulfilling at least the morphological sub-condition (i). If it is not fulfilled, then a
fish trying to penetrate will end up being retained by the fishing gear, regardless of its
behavioural response. An assessment of the effect of the morphological sub-condition
will provide a first approximation of the selective properties of netting panels and thus
provide the basis for a preliminary prediction of the consequences on discard and catch
efficiency of using the investigated netting design in a specific fishery.

2.2. Stiff mesh shape assumption

When a fish tries to penetrate a mesh in a codend, both the fish cross-section shape and
the mesh shape can potentially be deformed. But the tension exerted by drag forces on the
mesh bars of the most commonly used diamond mesh nettings, can be assumed to exceed
the muscle force of the fish in all but the very early stages of a tow (Efanov et al. 1987,
Herrmann and O’Neill, 2005; 2006). The increased use of thicker and stiffer twine
material in cod-end nettings in many European trawl fisheries supports this assumption.
Therefore, in the methodology presented here, we will generally assume that during mesh
penetration attempts, mesh deformation is negligible compared to the deformation of the
fish itself. Considering the behavioural component of the penetration condition, we will
assume that it is more likely that a fish will actually attempt to pass through a mesh
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which looks like it can be passed. Small mesh openings represent a stronger visual barrier
making escape attempts less likely. The latter assumption has many similarities with the
suggestions described by Glass et al. (1993). Based on the above argumentation we will
mainly use the stiff mesh shape assumption. On the other hand, when netting panels with
square meshes, rectangular meshes or hexagonal meshes are considered, we will take
possible deformation of the potential tensionless mesh bars perpendicular to the tow
directions into account.

For the sake of completeness and comparison, we will also consider the case of
“soft” meshes, where we assume that the mesh and/or the fish cross-section are fully
deformable and thus take shape after each other during penetration attempts.

Based on experience with measuring the morphological parameters, we will
assume though that the cross-section shape of the fish can be deformed during
penetration attempts.

3. Outline of the methodology

As regulations on legal landing sizes of fish often are based on length (e.g. in
form of MLS), we want to link likelihood of mesh penetration for a fish to its length.
Relationships between morphological parameters of importance for mesh penetration and
the length of the fish are therefore included in the methodology.

In order to make the model more efficient, the number of parameters needed to
describe the cross-sections should be limited. This is obtained by explaining the shape of
the cross-sections by geometrical shapes such as ellipsoids, triangles, trapezoids etc. The
geometrical shape that fits the cross-section the best, therefore needs to be identified as
does the extent to which the cross-section may be deformed during mesh penetration.

In order to give a balanced assessment of the potential benefit of applying new
types of nettings in a given fishery, the methodology needs to be flexible and take mesh
shapes other than those typically used for cod-end nettings into account. For the same
reason, the aim is to be able to cover the morphology of most fish species and crustaceans
relevant for the fishery in question.

The methodology consists of the following sequence of activities:

1) Laboratory penetration experiments.
The morphological characteristics of the fish cross-sections, that are potentially important
for mesh penetration, are identified and measured on a significant number of freshly
caught fish of different lengths. At the onset of the experiment, the fish is killed in a
solution of anaesthetization, labelled with a unique number and its length and weight are
recorded. For the penetration trials we use a large number of plates (thickness: 4-5 mm)
with holes cut to simulate different types of stiff meshes. Each mesh hole gets a unique
identification label. A large range of different sizes and shapes are covered, including the
mesh sizes legally used in the Danish fisheries. Each mesh size is represented with the
range of mesh openings typically found along the codend during catch accumulation.
With the mesh plates held horizontally, it is tested and recorded which mesh holes each
fish can or cannot pass through head-down and forced by gravity (Fig 1). The fish is
rotated to the optimal orientation for penetration. For each new species examined, the
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penetration experiment is repeated three times on a few individuals in order to assess if
the experiments affect the morphology of the fish.

[ﬁ ; y )
Fig. 1: Fall-through experiments. A cod is passing through.

2) Simulation of experiments.
The morphological data for the fish recorded in the laboratory penetration experiments,
together with a list of descriptions of the meshes used in the experiment are loaded into
FishSelect. Under varying conditions including different levels and modes of deformation
of the fish cross-sections, a repetition of the penetration experiments is then simulated for
the fish and meshes tested in the laboratory. FishSelect is a flexible simulation model,
based on the mathematical framework described below. It has different models describing
the fish cross-sections based on the morphology data and different options for both mesh
geometry and for the conditions for mesh penetration based on the relations between fish
morphology and mesh geometry.

3) Comparison.
The penetration results from the simulated experiments are now held against the results
from the laboratory experiments. The resulting degree of agreement (see Section 7) over
a large number of different meshes and fish for a particular set of penetration options is
used both to identify the morphological features that are relevant when simulating fish
penetration and to decide if the structures of the models of the morphology and the
conditions for mesh penetration are reasonable for the species being investigated.

4) Establishment of morphological relationships.
The relationships between the morphological features identified as relevant in 3) are
established and the statistical variations are estimated. If the number of fish tested in
activity 1 was insufficient for establishing reliable morphological relationships, activities
1-3 are repeated on a larger number of fish. This may be the case if a pilot study is set up
to ensure efficiency when measuring species that have high mortality when kept in tanks.
The relationships can now be applied to simulate the morphological data for a fish
population of any size structure.

5) Predictions.
Based on the model established in 3) and the morphological relationships established in
4) predictions about the basic selective properties for different nettings can be made for a
specified populations of fish. We expect that together with information on the distribution
of the fishing effort and the size structure of the fished population, these predictions can
provide indicative information on the resulting discard rates and catch efficiencies when
applying different netting constructions in the fishery.
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The following sections outline the mathematical framework necessary for implementing
the simulation model in the methodology described above.

4. Generic condition for mesh penetration

The conditions for mesh penetration should be very general with respect to mesh
shape and fish cross-section shape. The inside contour of any mesh can be described by a
closed curve. A convenient way to describe such a mesh curve is in polar coordinates
(Kreyszig, 1979) in a local coordinate system (xm, ym) for the mesh (Fig. 2) using pairs
of angle ® and distance rm(®) from the origin of the coordinate system.

y

A

m(O)

Fig. 2: Describing mesh curve in polar (®, rm) and Cartesian coordinates (xm, ym).

»
>

The closed curve condition means that there exists a value rm for all ® (0-360 degrees)
and that rm is the same for ® = 0 and ® = 360 degrees. The origin of the coordinate
system (Xm, ym) should be approximately at the centre of the mesh to ensure that rm has a
positive value for all ®. Similarly the outside contour of the cross-section of a fish (the
fish curve) can be described in a local coordinate system (xf, yf) by pairs of angle ® and
distance rf(®) from origin. As for the mesh the origin should be selected to ensure that rf
always has a positive value. The conversion relations from polar coordinates (®, r) to
Cartesian coordinates (X, Y) are:

(@)xcos®

X=r 1
y =r(0®)xsin® W)

and from Cartesian to polar:

r(G)):«/ix2 +y?) )

© =arctan2(y, X)

where arctan2(y, X) calculates arctan(y/X) and returns an angle in the correct quadrant (0.0
to 360.0).

To evaluate whether the fish cross-section fits inside the area defined by the mesh
contour, the fish curve has to be described in the mesh coordinate system. The
transformation of the 2-dimensional fish coordinate system to the mesh coordinate
system can be viewed as a rotation @ to make the x and y axis of the two coordinate
systems parallel followed by the translations tx and ty to give the two coordinate systems
the same origin. Thus the transformation of the fish curve coordinates (xf, yf) can be
expressed by:
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xfm = xf xcos® — yf xsin® +tx

3
yfm = xf xsin® + yf xcos® +ty G)

rfm(@fm) = /(xfm” + yfm?)

©fm = arctan 2(yfm, xfm)

and

where (xfm, yfm) are the Cartesian coordinates in the mesh coordinate system. Assuming
that the functions rm(®) (the mesh curve) and rfm(®) (the fish curve of the given cross-
section along the fish length) do exist, the required condition for mesh penetration is that
there exists at least one set of values of the transformation parameters (@, tx, ty), for
which rm is larger than or equal to rfm for all angles ® between 0 and 360. This can be
expressed as:

V 0e[0360]3 (@,tx,ty): rm>rfm (4)

The problem of determining if (4) is fulfilled can be transformed into a minimization
problem by defining the merit function:

merit(®, tx, ty) = rllzn: m(®,,®,tx,ty)
i=l1
where )
dm(®, @, tx,ty) = 0 v rm(®)-rfm(®,®,tx,ty)>0
,D,tx,ty)= (rfm(®,®,tx,ty)-rm(®)) v rm(®)-rfim(®,d,tx,ty)<0

The summation is done over n discrete angles ®; between 0 and 359 degrees. By
choosing the number n to be at least 360 and with points reasonably evenly distributed
along the fish contour then we can assume that it is permissible to use a discrete
summation in stead of a continuous integration. From (5) it is clear that merit function is
non-negative for all values of (@, tX, ty). The penetration condition can be assessed by
minimizing the merit function with respect to (®, tX, ty). Penetration is possible if:

min(merit(®, tx,ty))= 0 (6)
that is, there is at least one set of values (@, tx, ty), where merit(®, tx, ty) = 0.

But besides letting the simulation procedure predict if the penetration condition
given by (6) is fulfilled or not for a particular fish cross-section, we want to know how
close to or how far away the condition was from being just fulfilled. To do this we

introduce a scaling factor, sf, to scale the fish cross-section up (sf > 1.0) or down (sf <
1.0) isomorphically:
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srfm(®, )= sf xrfm(®,)  for i e[t;n] (7)

By varying the scaling factor and substituting rfm with srfm in (5) we find the maximum
value of sf, for which (6) is still just fulfilled:

max(sf)  while  min(merit(®,tx,ty))=0 (8)

If max(sf) is less than 1.0, then the fish cross-section is not able to pass through
the mesh and the value of max(sf) quantifies, how far condition (6) is from being
fulfilled. If max(sf) is larger than 1.0, the fish cross-section is able to pass through the
mesh and the value of max(sf) quantifies, how far condition (6) is from being not
fulfilled.

Formulas (1) to (8) are generic expressions for the condition telling if a fish cross-
section is geometrically able to pass through a mesh. They are independent of the specific
shapes of the mesh or the cross-section of the fish. To analyze a specific situation we
have to define rm(®) and rf(®) for the interval ® [0.0; 360]. Appendix A describes
parametric expressions for the basic mesh shapes: diamond, square, rectangular and
hexagonal. Appendix B describes parametric expressions for the basic fish cross-section
shapes: ellipse, half-ellipse, triangular, symmetric trapezoid, asymmetric trapezoid.

For the soft mesh situation the condition for penetration is that the maximum
circumferential length of the fish curve (clf) is less than the circumferential length of the
mesh curve (cIm). Appendix A contains expressions for the circumferential length for the
mesh shapes and Appendix B for the fish cross-sections shapes.

5. Penetration models

The simplest possible penetration model requires applying (8) only at one position
along the fish length. But if needed, the software allows evaluation of condition (8) at up
to three positions along the length of the fish. The cross-section descriptions and the
condition for penetration need not necessarily be the same at all positions. A model that
takes the potential compression of the fish cross-section into account can be constructed
in two equivalent ways: one where the parameters for the cross-section are assumed to be
smaller than the uncompressed by a certain percentage; another where sfin (8) is
allowed to be a certain percentage smaller than 1.0 and still assume penetration.
Asymmetrical compression can be modelled by allowing different degree of compression
along the vertical and horizontal axis’ of the fish cross-section.

6. Estimation of cross-section shape

As mentioned in Section 4, fish cross-section shapes are approximated by
parametric expressions using basic geometric shapes. In this section we present a formula
both to assess how well the parametric descriptions represent the cross-section shapes of
different species and to assess the parameter values. It is assumed that we have
measurements defining the Cartesian coordinates of a number n of points (xf, yf) on the
cross-section contour of a fish of interest obtained by experimental means, for example
the MorphoMeter and the image analysis functionality built into the FishSelect software
tool (see section 11). By using (2) we can transform the data to polar coordinates to
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obtain a list of points on the form (Of, 7/(®f)) for Ofin [0;360] for n points along
the cross-section. Then we can select one of the basic geometrical shapes described in
polar coordinates (@b, r(®b)) for ®b in [0;360] according to the formulas in appendix B.
The formula will contain g of unknown parameter values p; to p,, depending on which
parametric basic description is selected. By adjusting the values for a translation (tx, ty)
and a rotation @ of the point array (Of, r(®f)) to obtain the array (Ofm, rfm(®fm))
(according to (3)) and the parameter values (p;, ...,p,) of the parametric description of
(®b, r(®b)) a best fit in the least square sense can be carried out by minimizing the
function:

n

fshape(tx,ly,qb,pl,..,pq)z %Z(Vb((@,«,pl,---,pq)— iffm((@l.,q),tx,ly))z %)

i=1

If the vector (txm, tym, ®m, pm;, ..., pm,) minimizes (9), then the mean square difference
between the fitted basic geometrical shape and the measured fish cross-section shape is:

md = li\/(rb(®i,pml,...,pmq)—Mm(@i,qu,txm,lym))z (10)
n o

The smallest value of md identifies which of the different basic geometrical shapes
describes the cross-section shape best.

7. Degree of agreement with experimental results

If we use F different fish and M different meshes in the experimental setup
(Activity 1 of the methodology), it produces F times M experimental penetration results
PE;;. The value of PE;; is set to 0 if the fish (i) does not pass through the mesh (5),
otherwise to 1. For the simulated penetration (Activity 2) we name the penetration results
PS;; for a particular escapement model and set of morphological parameters. In the same
way PS;; has either the value 0 or 1. We can quantify the degree of agreement (DA)
between experimental and simulated results by:
F M
> > (PE,.Ps,)
=

DA:t=1 1
FxM

where (11)

0.0 V PEij # PSij
V(PE@/’PSi/): _
1.0 V PEU. = PSl.j

Thus DA is a number between 0.0 and 1.0. If the investigated penetration model is good
at simulating the experimental results, DA should be close to 1.0. Thus the quality of
applying different penetration models to simulate the experimental results can be
compared and evaluated by applying (11).

The quality of the penetration model can not only be judged by DA, but also by
looking at a plot of the number of cases where there is disagreement between the
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simulated results of the fall through experiment and the experimental ones versus the
scaling factor, sf, calculated in (7)-(8). If the penetration model is good, the plot should
show a distribution of only few values centered around 1.0, indicating that the simulated
results are not far away from agreeing with the experimental ones.

8. Virtual population data

Assume that by applying (11) we have been able to define a penetration model
that produces acceptable results (DA preferably at least 0.95) (Activity 3 of the
methodology) for the species being investigated.

The properties of the model are determined by ¢ morphological parameters p; to
pq for one or more cross-sections along the fish. Next let assume that we have measured
these morphological parameters (p;, ..., p,) as well as weight versus length for a
considerable number of fish of a species of interest covering a relevant length range
(Activity 1 and 4 in the methodology). The relationship between p; and length, /, as well
as the variance in the relationship can be modelled based on regression analysis.
Demanding that the cross-section size decreases towards zero with decreasing fish length
we assume a power relation of the form:

p()=a,xl’  for ie[liq] (12)
In the simplest form (12) will be linear (f = 1.0).
We simply find the mean value and standard deviation of ¢; and use these for the
description of the variation in the relationship.
In the same way we use a similar expression for the weight:

w(l)=a, x 1" (13)

As for p; we estimate mean and standard deviation of a,,.

If the precision of predicting the mean morphological relationships by applying (12) and
(13) is comparable to the measurement precision, they are used, otherwise more complex
relationships are modelled. Assuming that the variation of the value of the a’s can be
modelled reasonably by normal distributions, we can model a virtual population having a
specified length distribution n(/). In a simulation run each of the N fish from the
population is assigned morphological parameter values p;, ..., p, for each cross-section
and weight w, calculated in the simplest case by (12) and (13) selecting a;, ..., a, and a,,
randomly from normal distributions with the empirical means and standard deviations
obtained by the regression analysis mentioned above.

9. Prediction of basic selection properties for specific mesh panel

By basic selection properties for a mesh panel we mean selection properties based
on taking into account only the morphological sub-condition for mesh penetration
without considering any behavioural effects, thus representing only the basic selective
potential of the mesh panel.
Two measures L50, the 50 percent retention length, and SR, the selection range (L75 —
L25), are often used to quantify the size selective properties of trawl nettings (see
Wileman et al., 1996). We will use the same two measures to characterize the basic size
selective properties of a mesh panel.
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To estimate L50 and SR for a mesh panel by the methodology represented in this
paper we must first define its mesh properties, make a virtual fish population having a
suitable size structure and then calculate for each fish in the population whether it is able
to penetrate the mesh panel. For the sake of simplicity we will first restrict the description
to the situation, in which the panel has only one type of meshes all with same size and
shape. This is equivalent to simulating penetration of the selected fish population through
one specific mesh. In this case the two dimensional array PSj; is simply reduced to a one-
dimensional vector PS; with one penetration result for each fish in the population. To
meet the criteria in the definition of the size selective properties for netting formulated in
Wileman et al. (1996), we use an ideal virtual population with a uniform size distribution
with predefined minimum and maximum sizes (L, and Ly4y). Linin should be chosen so
that all fish of this length can penetrate the mesh while L,,,, should be chosen so that no
fish of this length can penetrate the mesh. The array of results PS; (1 if fish 7 passed the
mesh else 0) together with the length /; for each fish gives the information for assessing
the basic morphologically based length dependent retention of the specific mesh. Assume
that we have N fish in the population making N sets of (/;, PS;) (i=1 to N). To calculate
the length dependent retention rates data are first sorted into lengths classes each 10 mm
wide. Then the total number of fish, m¢; (where PS; = 1), and the number of fish not being
able to pass through the mesh, mr; (where PS; = 0), are counted in each length class. This
procedure is similar to the covered cod-end method for assessing trawl cod-end selection
(Wileman et al., 1996). By treating the penetration results as selection data we obtain
estimates of L50 and SR by fitting the logistic curve (see Wileman et al., 1996) to the
data:

xp(zi;z@x (1 —LSO)j
1+ exp(zif;@x (1 —LSO)}

r(l)= (14)

As for cod-end selection data the fitting is performed by maximizing the log-likelihood
function (Wileman et al., 1996):

¢(L50,5R) = z(m (1, )+ (e, —mr, )<in(1 = (1, ) (15)

where the summation is over M length classes. Expression (15) can be turned into a
minimization problem by:

min(— g(L50,SR)) (16)
The formulas (15) for a single mesh can easily be extended to a situation dealing with

more than one mesh shape and/or mesh type in the netting. Weighting each mesh j in a
set of O meshes by a relative contact factor, ¢;, we simply get:
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¢(L50.5R) f((z o jxln(r(z,.))+(§cjx(mt.,,._mrﬁ)jxln(l_r(z,.))j a7

The weighting factor ¢; is the relative contact likelihood between the fish and the mesh.

10. Implementation of the model

The model outlined in the previous sections is implemented in the computer
program FishSelect by use of the commercially available programming tool Delphi from
Borland Software Corporation. The tool allows users to develop Pascal code programs
with a graphical user interface (Kerman, 2002; Wiener and Wiatrowski, 1997). The
compiled code can be run on a Microsoft Windows operating system.

The minimization procedures required for formulas (6), (8), (9) and (16) have
been implemented using Powell’s method (Press, W.H. et al., 1986). Several technical
precautions have been implemented to mitigate problems with local minima, which are
often encountered in optimization algorithms.

11. MorphoMeter and extraction of cross-section contour

A mechanical sensing tool (MorphoMeter) (Fig 3) was constructed with 80
adjustable round aluminium sticks with diameter 2.5 mm and length 150 mm. The sticks
are mounted close together but allowed to move with slight friction in the vertical
direction between the legs of an aluminium frame. The distance between the legs is 200
mm and they are 80 mm high. The sticks can individually move up to 80 mm. Two
clamping screws enable clamping the position of the sticks. By placing a flat fish like a
sole on a table between the legs of the MorphoMeter in vertical position and letting the
sticks sink down until the get into contact with the upper surface of the fish the
MorphoMeter sticks will form a contour approximating the fish shape (Fig. 3).

Fig. 3: Measuring cross section of a sole by use of MorphoMeter.
After clamping the position of the sticks and placing the MorphoMeter on a flatbed

scanner an image of the fish cross-section contour is created (Fig. 4). Images were
scanned in 24 bits colours with a resolution of 300 times 300 dpi (dots per inch).
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Fig. 4: Cross section of Sole. Top: scanned image of MorphoMeter. Bottom: Digitized
image by FISHSELECT build in edge detection software (crosses) and fitted asymmetric
trapezoid (curve).

To extract the cross-section shape from the scanned image of the MorphoMeter an image
analysis functionality was built into the FishSelect software tool. It uses a thresholding
technique starting from the centre of the dark object zone (the fish contour) in the image
(see Fig. 4), then moving away from the centre in one direction at the time looking for
stable but abrupt increase in average intensity assessed as the average of the RGB colours
(Red, Green, Blue) intensity values (see Gonzales and Wintz, 1987 for details on these
techniques). The parameters for the thresholding include average intensity in the object
zone and the average intensity of the measuring sticks of the MorphoMeter. The
sequential search for an edge in different directions typically detects between 100 and
300 points along the cross-section contour, depending on the size and shape of the fish.
By use of calibration objects in the image picture coordinates in number of pixels can be
transformed to measures in mm. Fig. 4 shows the scanned image of the cross-section of a
sole sampled by the MorphoMeter (top) and the digitized edge points (crosses) and a
fitted asymmetric trapezoid (solid line) obtained by an implementation of formula (9)
(bottom).

The use of a large number of points to describe the contour increase the accuracy
of the measurement and the parametric fitting smooth the contour acquired based on the
position of the individual sticks. Further it makes the method more robust against single
outlier points.

To assess the cross-section shape of round fish two MorphoMeters were
assembled as a pair and the construction was turned 90 degrees with the sticks to moving
horizontally (Fig. 5). The sticks are pushed manually into contact with the fish cross-
section 360 degrees around enabling measurement of round fish cross-sections being up
to 160 x 200 mm in size. Fig. 5 shows also the fit of an ellipse to the digitized edge points
of the cross-section of a haddock (left).

b
Ltk oy
s

Fig. 5: Cross section of haddock. Léft: haddock in assembled MorphoMeter. Right:
digitized cross section (crosses) and fitted ellipse (curve).
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12. Example on Cross section measurements

To evaluate the accuracy and precision of the MorphoMeter measurements and
the FishSelect digitization process to assess cross-section features stiff non-deformable
objects in form of a round disc of known diameter and an asymmetric trapezoid of known
height were used as test objects. The process of using the MorphoMeter, the scanning
technique and the image analysis to extract diameter and height was repeated 10 times for
both objects. Table 1 shows the results indicating that for the features compared the
precision (repetition accuracy) is within = 0.50 and 0.32 mm) for 95% of the
measurements, whereas the mean accuracy (bias with respect to the reference
measurement) is 0.47 and -0.25 for the circle diameter and trapezoid height, respectively.
We expect that this accuracy is sufficient for use on deformable objects like the cross-
sections of many fish species.

Disc ATR

test no\object diameter height

ref measure 120.41 17.00
1 121.28 16.78
2 120.96 16.84
3 120.73 16.62
4 121.14 16.77
5 120.71 16.77
6 120.94 16.89
7 121.07 16.74
8 120.73 16.71
9 120.82 16.78
10 120.43 16.64
mean 120.88 16.75
sd 0.25 0.08
mean bias 0.47 -0.25

Table 1: Validation of the measuring accuracy and precision by use of the MorphoMeter
and FISHSELECT software tool. Test objects were a circular disc (feature compared:
diameter) and an asymmetric trapezoid (feature compared: height). Reference
measurements were carried out using a digital caliper. With the MorphoMeter 10
repeated measurements 10 were carried out (1-10). Mean values (mean) and standard
deviation (sd) were calculated as well as bias of the mean with respect to the reference
value (ref measure). All measures are in mm.

13. Discussion

The initial evaluation of the methodology indicate that FishSelect is able to
provide a rough estimate on the selectivity of gear designs prior to testing them at sea
(A2). The methodology does not account for the behavioural component of the selection
process but its importance and influence on mesh penetration can be deducted by
comparing simulated results with retention estimates from selectivity experiments. Such a
comparison can also provide information on the predictive power of the FishSelect
methodology and its limitations.

During a real fishing process, some individuals that do fulfill the morphological
condition for successful mesh penetration will not escape because the behavioural
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condition may not be fulfilled. As we do not take the behavioural aspect into account, we
thus expect that the morphologically based FishSelect predictions of L50 represent upper
limit estimates. For SR the situation is not so clear. However, as a rule of thump we will
expect to underestimate SR because the behavioural component is expected to retain
some of the fish that are simulated to escape.

The force the fish is able to produce during an attempt to penetrate a mesh is set
to be equivalent to the force of gravity. How realistic this assumption is, is uncertain and
lacks validation. The rationale behind the assumption is, however, that both forces are
proportional to the size of the fish.

Existing simulation models like PRESEMO (Herrmann, 2005a, 2005b) are
constructed to predict and study the size selection processes in cod-ends of towed gears.
So far, the models have been applied to a few round fish species in diamond mesh shaped
cod-ends only (Herrmann, 2005c; Herrmann and O’Neill 2005, 2006; Herrmann et al.,
2006, 2007a, 2007b; O’ Neill and Herrmann, 2007; Sala et al., 2006) and the aim is to
predict different aspects of size selection. An important reason for the limited use has
been the lack of morphological data relevant for mesh penetration for important species.
Use of the methodology described in this paper will help providing this information and
help identifying the most suitable models for implementation of the morphological sub-
condition for mesh penetration for different types of mesh shapes and new species.
Thereby it could form the basis for extending the predictive power of PRESEMO.

The tools described in this paper can be used to establish a gear design
guide, which includes a database of basic size selective properties for different designs of
conventional netting. Furthermore it could be a guidance for the use of selective devices
like escape windows or grid systems to obtain optimum selectivity. Such a design guide
can become a useful management tool that may help in the process of identifying the
optimal gear types in specific fisheries. The FishSelect approach is faster and much
cheaper than conducting traditionally selectivity experiments at sea. Hence it is possible
to provide fishery managers with indicative information for those species, fisheries and
towed fishing gears on which information is missing. FishSelect can not giving definitive
conclusions about the selection in towed gear though and thus does not replace sea trials.
But it will be a valuable help for fishing gear scientists as indicative selection parameters
can reduce the number of gears needed to be tested.

Appendix A2 demonstrates the feasibility of the FishSelect methodology and
simulation tool to study fundamental aspects of mesh selection of Cod (Gadus Morhua).
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Appendix A. Parametric expressions for basic mesh shapes

All the basic mesh types that we deal with in this paper are considered to be closed

curves composed by straight-line segments. A Cartesian mesh coordinate system is
defined with its origin at the centre of gravity of the mesh. The size and shape of each
type is given by a few characteristic parameters, mesh bar lengths and/or an opening
angle. The corresponding parametric expressions in polar coordinates referred to the
origin at the centre are listed below. The following notation is used: The absolute value of

X 1s written as‘x‘ and the half-open interval xI < x < x2 as | xI;x2]. Angles are in radians.

Arctan2(y, x) denotes the complete arctan function where the signs of the arguments
define the quadrant of the corresponding angle.

Diamond mesh

The diamond mesh is defined by the parameters mesh size m and opening angle oa (Fig.
6a)

m(@)=". cos(0a/2)-sin(oa/2)
D) |sin(®)| . cos(oa / 2)+ |cos(®)| . sin(oa / 2) (18)

cim=2m

Square mesh
The square mesh (Fig. 6b) can be considered a special case of the diamond mesh with a =

m/2 and oa = n/2.

a 1
_ﬁ.|sin(®—7r/4)|+|cos(®—7z/4)| (19)
clm=4a

rm(®)

Rectangular mesh
The rectangular mesh is defined by two mesh bar lengths, a and b, at right angles (Fig.

6¢.)

2|00;:(®)| 0 € ] arctan 2(—b, a);arctan 2(b, a)]
rm(@)z ; v ]arctan 2(b,—a);arctan 2(—b,—a)] o0
—_ ® ¢ ] arctan 2(b,a);arctan 2(b,—a)]
2|sm(®)|
v ]arctan 2(—b,—a);arctan 2(—b, a)]
cm=2(a+b)

Symmetric hexagonal mesh
The hexagonal mesh is defined by two mesh bars length, b and k, and an opening angle,
oa (Fig. 6d).
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(bcos(oa/2)+k/2)-sin(oa/2)

rm(®)=

where

=arctan 2(— b xsin(oa/2),k /2)
—arctanZ bxsin(oa/2),k/2)
bxsin(oa/2)—k/2)
—arctan2 bxsin(oa/2),—k/2)

=arctan 2

(-
(
(-
(

cIm =4b+ 2k

m(®)

bsin(oa/2)

sin(©)

(xm, ym)

|sin(®)| -cos(0a/2)+ |cos(®)| -sin(0a/2)

m(0)
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Fig. 6: Net mesh shapes.
a) Diamond mesh b) Square mesh ¢) Rectangular mesh d) Hexagonal mesh.
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Appendix B. Parametric expressions for basic fish cross-section shapes

Elliptic cross-section
The elliptic cross-section is defined by a height, h, and a width, w (Fig. 7a).
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1 hxw
2 J(W? +cos* @x (h? —w?))

clf zO.S;rx(h+W)><[3— [%EL%H

Half-ellipse cross-section
The half ellipse cross-section is composed of a half-ellipse segment and a straight-line

segment and is defined by a height, h, and a width, w (Fig. 7b).

rf (©)
(22)

2 2 2 s 2 1
thx(2><\/(3h X cos” O+ W’ xsin G))—Wxsm@)) 0 < [‘Pﬁ\yz]

rf (®) 2><(4h2 XCOSZ(r?+W2 x sin’ @)
_ ® Y.
2|sin(®)| < ] > l[

where
¥, = arctan 2(— h, w)
¥, = arctan 2(— h,—w)

clf z0.257r><(2><h+w)><[3\/(48;:‘—+XVV;JJ+W

Triangular cross-section
The symmetric triangular cross-section is defined by a height, h, and a width, w (Fig.7c).

(23)

hxw
: © € [LPI;\PZ]
7 (0)= 2w sm(@)}: 4h|cos(®)|
e © e Jv;w|
2|s1n(®)|
where
¥, = arctan 2(— h, w) (24)

¥, =arctan 2(— h,-w)
clf =2y/(h* +0.25xw?) +w

Symmetric trapezoid cross-section
The symmetric trapezoid cross-section is defined by a height, h, a bottom width, w;, and

a top width, w, (Fig. 7d).
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h(w, +w,)

® Y,V
2(W, —w,)sin(®)+ 4h|cos(O) ¢ [
f (®) _ ) v ]\P35 \P4]
_— C W,V
2fsin(O) e Il
v ]\P4; lPl[
where
= arctan 2( )
= arctan 2 ) (25)

(h,
=arctan 2(h,— )
(=h

-w,)

clf =2><\/(h2 +0.25><(W1 —W2)2)+W1 +W,

= arctan 2

Asymmetric trapezoid cross-section
The asymmetric trapezoid cross-section is defined by a height, h, a bottom width, w;, a
top width, w, and a distance e at left(Fig. 7e).

hx(w, +e) 0 < [w:v]
2X((W1—Wz—e)xs1n®+hxcos®)
hX(Wl—e)
® Y.V
rf(©)= 2x(exsin®—hxcos®) = [39 4]
h
e V..V
2fsin(©) e [¥;w]
v [‘P45\P1]
where
¥, —arctan2( h w)
¥, = arctan 2(h,2e + 2w, —w,) 26)

(h
= arctan Z(h, —(w, — Ze))
= arctan 2(

-w)

clf =w, +w, +\/(e +h?) +\/((wl —w, P +h?)
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Fig. 7: Fish cross-section shapes a) Elliptic cross-section b) Half-ellipse cross-section
c) Triangular cross-section d) Symmetric trapezoid cross-section ) Asymmetric
trapezoid cross-section.
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Abstract

Several of the cod stocks inhabiting the North East Atlantic waters are today at a
critically low level. Cod is caught in most demersal fisheries both as a target species and
as by-catch. We use the FISHSELECT methodology to measure the morphological
parameters that determines cods ability to penetrate different mesh types and sizes. We
measure and digitize selected cross-section contours along the length axis of the cod. An
ellipsoid shape is fitted to the digitized cross-sections contours. The ellipsoid parameters
are used in simulation software to predict mesh penetration of cod in diamond, square,
rectangular and hexagonal meshes of different size. The relationship between L50 and the
minimum landing sizes of cod in the North Sea and Kattegat/Skagerrak is discussed.

Keywords: Mesh penetration; Modelling; Cod; Morphology; FISHSELECT; Size
selectivity

1. Introduction

The cod (Gadus Morhua) stocks in EC waters in the North East Atlantic have in the
latest years been at a critically low level (ICES 2006). The Danish discard monitoring
program has reported a considerable bycatch of undersized cod in several fisheries in
Kattegat/Skagerrak and in the North Sea (unpublished data). Several technical measures
have been introduced to improve the size selection (increase L50) of cod in the cod-end
of towed gears.

Mesh size regulations aims at releasing undersized fish by mesh penetration and
retaining marketable sizes. In a diamond mesh cod-end most fish escape through the most
open meshes just in front of the catch accumulation zone and therefore escapement
success is largely a function of their transverse morphology in relation to available mesh
openings (Wileman et al., 1996). It is therefore important to have a mesh size and mesh
opening in this part of the cod-end that will allow undersized fish to escape. An
inappropriate relationship between the mesh size regulation and the minimum landing
size (MLS) can lead to either an economical loss in terms of loss of marketable cod or an
unwanted catch of undersized individuals, which will be discarded.

The difference in cross-section size and shape between the different species means
that one mesh type may be more appropriate for some species than for other. Square
mesh panels have been used to improve the selectivity of gadoids like cod (Robertson and
Stewart, 1988; Tschernij et al., 1996; Madsen et al., 1999; Broadhurst, 2000; Madsen et
al., 2002; Krag et al., in press), whereas diamond meshes have been found more
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appropriate for flatfish species (Walsh et al., 1989; Fonteyne and M’Rabet, 1992; Tokac
et al 1998; Madsen et al., 2006).

The usefulness of different mesh sizes and configurations in commercial fishing has
largely been determined by trial-and-error experiments and by the commercial
availability of materials and mesh sizes (Al). A better starting point for improving
selection might be to first quantify the general morphological relationships for the key
species and then use this information to estimate appropriate sizes, shapes, and/or
configurations of meshes (Broadhurst et al., 2006). In previous studies fish morphology
has been quantified by linear relationships between various morphological features,
especially including girth measures, in both static gear (Stergiou and Karpouzi, 2003;
Santos et al., 2006) and towed gear (Tosunoglu et al., 2003; Broadhurst et al., 2006;
Tosunoglu., 2007). In the current study we have measured the morphology of cod,
relevant for mesh penetration in towed fishing gear by applying the FISHSELECT
methodology (Al). In EC-waters in the North East Atlantic diamond mesh netting is
primarily used for the construction of towed fishing gear. Square mesh cod-ends are also
used in Swedish waters in conjunction with a selection grid (Valentinson and Ulmestrand
2007), but the use of square meshes in gear design is primarily restricted to insertion of
smaller square mesh netting panels in diamond mesh trawls to improve the size selection
of e.g. gadoids. In this study we have investigated the selective properties of diamond and
square meshes that are commercially used today. The examination has been extended to
hexagonal and rectangular meshes to include others than those legally used in the North
Sea and Kattegat/Skagerrak area today (EC. Reg. No. 850/98).

2. Material and methods
2.1 Fish used

Since it is live individuals that penetrate cod-end meshes during commercial fishing, we
wanted to conduct our measurements on fish that are as fresh as possible. Several
physiological processes, which may change the cross-section contours, start as soon as
the fish dies. A total of about 150 cod were therefore caught by jigging and gillnets in
Skagerrak in February, just prior to the experiment, and transferred alive to holding tanks
on land. Seventy-five cod in the length range from 29-72 cm were selected and used in
the experiment (Fig. 1).
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Fig 1. Length distribution of the cod used in the experiment.

Five fish at the time were taken from the holding tank and killed immediately before the
measurements by a strong solution of Ethylene-glycol-mono-phenyl-ether (CgH1005)
commonly used to anaesthetize fish. Each fish were given a unique identification number
and their length and weight data was recorded. In addition to the 75 fish used in the full-
scale experiment about 10 fish were used in initial experiments.

2.2 Initial experiments

Initial examination was made to identify where along the cods length axis the cross-
section contour should be measured. These experiments involved both fall-through
experiments and measurements of cross-sections. Both these procedures are described
below. Two cross-sections (CS) were identified for cod, CS1 and CS2, where CS1
contained the maximum width and CS2 the maximum height and girth of the fish (Fig.
2A).

‘ - T..?’ : =
Fig 2. Position of CS1 and CS2 on cod and measurement and scanning of a cross section
shape (CS1) with the mechanical sensing tool MorphoMeter.

2.3 Measurement of cross-section contours
The mechanical sensing tool (MorphoMeter) described in Herrmann et al. (A1) was
used to measure cross-sections of cod with the following procedure. All the sensing sticks

of the tool are moved manually into contact all the way around the circumference of the
fish (Fig 2B and 2C). After that they are fixed by tightening the assembly screws (black
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knobs in Fig. 2C). The whole assembly is then scanned with a flatbed scanner (Fig. 2D)
and the contour extracted with the image analysis functionality in the FISHSELECT
software (Al).

2.4 Estimation of cross-section shape

The edge detection software tool in FISHSELECT was used to extract and digitize
the cross-sections from the MorphoMeter. Typically this resulted in a contour that was
digitized at about 120 points along the perimeter. To reduce the number of parameters
needed to describe the cross-sections contours, one of five different basic shapes were
fitted to the points (Al). The shapes were an ellipsoid, a half ellipsoid, a triangle, a
symmetric trapezoid or an asymmetric trapezoid. The selected contour shape was then
fitted to the single sensing sticks measuring points based on a smoothing technique which
puts less weight on points far from the mean contour. This makes the method more
robust, since single point outliers will have less effect on the final shape.

Morphological relationships, describing the expected cross-section parameter
values and expected variance for a fish population of the investigated species, were then
established by fitting length based regression functions (w, h = aL") to the data for both
CS1 and CS2, where , w = width, h = height and L = length.

2.5 Fall-through experiments

Fall-through experiments were conducted with 118 different stiff mesh templates
cut out as holes in 4-5 mm thick plastic plates. Stiff mesh templates are used because we
assume that the strong hydrodynamic forces acting on cod-ends in towed gear results in a
high tension in the mesh bars, which makes it unlikely that a fish can distort the mesh
shape, when it attempts to pass through (Al). Four different mesh types (diamond-,
square-, rectangular- and hexagonal meshes) were used in the fall-through experiment
(see Fig. 3 and summary of mesh types, sizes and opening angles in Table 1.).

A
a
oa Diamond 2 Square

<

® Rectangular

Hexagonal

A
v
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Fig 3. Mesh types used in the fall through experiments (diamond-, square-, rectangular-
and hexagonal meshes).

Mesh type Size (mm)
and 10 15 20 30 35 40 50 60 70 80 90 100 110 120 130 140 160 180 200
OA
Diamond
15 X X X
20 X X X X X X
25 X X X
30 X X X X
35 X X X
40 X X X
45 X X X
50 X X X
55 X X X X X X X X X X
60 X X X
65 X X X
70 X X X
75 X X X
80 X X X
85 X X X X X X X X X X
90 X
Square
X X X X X X X X
Rectangular
b b b b b b a a a

Hexagonal
143.6 X X X X X X X
128.3 X X X X X X X
106.3 X X X X X X X
88.9 X X X X X X X

Table 1. The 118 different mesh templates used in the fall through experiments. Mesh
size and the meshes opening angle is given. For diamond and square meshes x refers to
meshsize (two times a in Fig. 3). The hexagonal meshes in the table are only given by
two parameters. The mesh bar (b) in this study is given as k/2 for all hexagonal meshes.
For hexagonal meshes x refers to k. For rectangular meshes all combinations of a and b
are made. For example for bar length b=10 mm three different meshes are made: a= 90,
120 and 200. a and b refers to bar lengths (Fig. 3).

In this experiment we used b = k/2 for all hexagonal meshes. Each fish was held by
the tail and lowered to each of the 118 mesh templates head first. The template plates
were kept horizontal and each fish was rotated optimally for fall-through at each mesh
template. Only the force of gravity was used to pull them through (Fig 4). The result in
terms of fall-through or not was recorded for each fish and template.
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Fig 4. Fall through experiments with different mesh templates

A total of 8850 fall-through tests were performed with the 75 cod and the 118 mesh
templates used in this study.

2.6 Repeated experiments

The reliability of the results of the above experiments requires that the cross-section
measures are not too much affected by the extensive handling and mechanical contact
with the mesh templates. Three subsequent fall-through trials with all the 118 mesh
templates were therefore conducted with two fish. The lengths of the two fish were 46.6
cm and 42.5 cm. On a third cod were the cross-sections contours of CS1 and CS2 also
measured both before and after a complete fall-through trial. Cross-section measures
were otherwise always done before the fall-through experiments to have the fish as fresh
as possible. Finally were CS1 and CS2 measured ten subsequent times on one cod to
estimate the accuracy to the MorphoMeter.

2.7 Selection of mesh penetration model

In addition to determine, which cross-sections that might be decisive for the ability
of cod to penetrate different meshes, the results of the fall-through trials also indicated
how much the body shape of the cod could be compressed during penetration of a stiff
mesh. During the fall-through experiments it was observed that if the cod first got its
head through the mesh template, then the entire fish went through with relative ease.
Consequently, we began the fall-through simulations by checking only CS1, which is
located on the head of the fish (Fig 2A), in the penetration criterion, when searching for
the best mesh penetration model. Simulations, which checked the criterion for CS2 alone
or the two cross-sections combined (CS1-CS2), were however also performed. For each
simulation the degree of agreement (DA) between experimental and simulated results
was calculated (Al). The DA value will vary between 0 and 100%, where 100% is full
agreement between the experimental and the simulated results. The initial simulations
assumed symmetric compression levels in the range from 0-25% for CS1 and 0-35% for
the softer CS2. Compression is here defined as the fish ability to deform its cross-section
contour during a stiff mesh penetration with the pull of gravity. Comparison with the
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fall-through experiments, however, indicated that a more asymmetric compression may
take place during a mesh penetration. CS1 on the head of the fish contains both soft
muscle tissue and harder bony structures from the cranium which is likely to be
compressed differently during a mesh penetration. Based on results from simulations with
simple asymmetric (and symmetric) compression of CS1 with a compression range of O-
20% for width and height a quadratic regression model the following form was made:

DA=q, + g, xCW +q,xCH +q, xCW? +g,xCH? + g, xCW xCH (1)

where CW = compression width, CH = compression height and the g’s are the regression
constants.

The model was fitted to the DA-data using the Im-function in the statistical

freeware package R (version 2.4.0). The fitted model was then used to construct iso-DA
curves versus compressions in height (x-axis) and width (y-axis).
The penetration models including CS2 were only based on symmetric compression since
we did not have the same basis for assuming asymmetric compression as for CS1. Finally
we investigated if including criteria for a combination of the two cross-sections can
improve the penetration models further in terms of increasing the DA value. Besides
predicting if the mesh penetration conditions are fulfilled or not for a particular fish, the
simulations also produce a scaling factor (SF), which predicts how close the conditions
are from being just fulfilled for each penetration attempt. The distribution of the SF
values for the cases, where the model prediction contradicts the fall-through results of the
experiment, depends on how good the model is. The number of values and the symmetry
of the distribution indicate if we assume too much or too little compression of the fish
cross-sections during the simulations. For conflicting results SF should be close to 100%,
meaning that the difference between the simulation results and the experimental fall-
through results is small. The compression model that produces the highest DA value is
chosen. A high DA value also indicates that we have been able to identify, which
morphological features that needs to be measured.

2.8 Design guides

When the penetration model has been established, predictions about the basic
selective properties, L50 and SR, for the five different mesh types (see Fig. 3) are made
with varying mesh sizes and opening angles (0a). To predict the basic selective properties
for different netting designs the FISHSELECT simulation software accepts an input
combination including an array of properties of a virtual fish population, the parameters
of the penetration model and the parameters of the mesh configurations. The established
relationships between fish length, the cross-sections parameters and their random
variations are used to define the properties of the fish in the virtual population, which is
generated by drawing 2000 samples randomly from a uniform size distribution to ensure
that we have a sufficient number of fish in the entire selective range of all the
investigated meshes. The length range of this population was 2 to 80 cm. Design guides
are produced that outline the selective properties of a wide range of mesh sizes of
diamond, square, rectangular and hexagonal meshes.
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2.9 Comparison with experimental results

For comparison with our simulations published results from two relevant single
hauls using a 109 mm cod-end with 104 open meshes around the circumference have
been used (Galbraith, 1994). The estimated selectivity parameters (cm) were L50 = 29.2,
SR = 6.8 and L50 = 28.4, SR = 8.5 for 1500 kg and 1330 kg catch weights respectively.
This gives a mean catch weight of approximately 700 kg half way through the catch
build-up process. In addition the covered cod-end results presented in Dahm et al.,
(2002) for 43, are relevant for comparison with our simulated results. A 94.6 mm and a
95 mm cod-end, both with 100 open meshes in the circumference, were used in the two
experiments, respectively.

The range of mesh openings in the cod-end were estimated based on data from the
calculations in Herrmann et al. (2007). Figure 11 shows the variation of the mesh opening
angles with catch weight at different distances from the catch build-up edge. We assume
that cod do their last escape attempt uniformly distributed during the catch build-up
process. Based on these calculations a realistic full range of mesh openness during the
catch build-up is 15 to 65 degrees with a mean value of the mesh opening of
approximately 35 degrees.
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Fig. 11. Calculated opening angles (oa) from Herrmann et al., (2007) versus codend catch
weights at four different distances in mm from the catch edge (edge) in the codend.

3. Results
3.1 Cross-section description
Of the five basic cross-section shapes tested the best fit statistic was obtained with

the ellipsoid shape fitted to the cross-section contour of cod for both CS1 and CS2.
Examples of digitized cross-sections with fitted ellipsoids are given in Fig 5.
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Small (31)

Medium (48)

Large (64) Q

Fig 5. Examples of digitized cross sections with fitted ellipsoids for small, medium and
large cods.

Length based regressions for both the width and height of the ellipsoids fitted to
CS1 and CS2 are given in Fig. 6.
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Fig 6. Length based regressions for width and height of the ellipsoids fitted to the cross
section contours for CS1 (left) and CS2 (right).

3.2 Repeated measures

The variation between the ellipsoids fitted to the repeated measurements (see 2.6)
obtained with the MorphoMeter was largest on the width measurement (Table 2) where
95% of the results are within £5.3% of the mean corresponding to 2 times the standard
deviation.

Cs1 Cs2
no Width Height Width Height
1 59.00 67.65 64.98 75.85
2 58.44 67.43 65.9 75.21
3 60.67 66.26 64.13 76.54
4 58.42 67.59 65.19 76.23
5 56.46 67.08 64.26 76.95
6 58.48 67.68 66.99 73.06
7 55.71 66.18 65.42 75.67
8 58.26 65.89 65.34 76.2
9 57.36 65.48 65.93 75.22
10 55.91 67.53 66.06 75.28
Mean 57.87 66.88 65.42 75.62
sd 1.53 0.84 0.86 1.07

Table 2. Width and height measures of the ellipsoids fitted to CS1 and CS2 for ten
repeated measurements conducted on one fish. sd = standard deviation.
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There were no deviations in the fall-through results for the first of the two examined cod
in the three repeated fall-through trials. The second cod was however retained by one
mesh template in the second run, while it fell through in both the first and third run. This
result implies that the cod cross-sections are not affected noticeably by the extensive fall-
through trials. This is further supported by the measurements of the cross-sections both
before and after the fall-through trials. The dimensions of CS1 were: h = 67.84 mm and w
= 57.02 mm before fall-through trials and h = 68.4 mm and w = 55.44 mm afterwards.
For CS2 it was: h = 71.74 mm and w = 55.18 mm before fall-through trials and h = 71.96
and w = 57.48 after. The deviations are less than 5% and therefore within the repeated
measuring accuracy as mentioned in beginning of this section.

3.3 Penetration model

All terms in the cubic DA-regression model (1) were found to be highly significant
(P less than e-6). The R-square value for the model fit was 99.4%. The DA-values
obtained for penetration models using only CS1 are shown as iso-DA curves in Fig 7.

DA versus compressions

7 / \ \
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Fig. 7. 1so-DA curves versus compression of width and height of the ellipsoids fitted to
CS1. The line at a 45 degrees angle from (0, 0) represents symmetrical compression.
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The highest value 97.6% is obtained for a model compressing the height 0% and the
width 18% (Model HOW18). The best result with penetration models using only CS2 was
a DA-value of 95.7%. For the 312 tested penetration models with combinations of CS1
and CS2 the best DA-values were identical to the best found for models using CS1 alone
(97.6%). This, however, required at least 32% compression of CS2, making its fitted
ellipsoid become smaller than the compressed ellipsoid of CS1. CS1 will therefore alone
determine the mesh penetration of cod. The ellipsoids fitted to the measured cross-section
contours and those assumed for the best penetration model for both CS1 and CS2 are
shown in Fig. 8.

CSl CS2

Fig. 8. Elliptical cross section of CS1 and CS2 (outer ellipsoids) fitted to the measured
cross sections and cross section shape where this ellipsoid is compressed according to the
optimal penetration model found for each cross section (inner ellipsoid).

The uncompressed and compressed ellipsoids fitted to CS1 are shown in different mesh
types in Fig. 9.
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CS1 measured CS1 penetration model
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Diamond mesh (95.5mm), oa = 75°
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Square mesh (99.0mm), oa = 90°
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Rectangular mesh (96.0mm), squareness factor = 90%

o O

Hexagonal mesh (83.0mm), oa = 120°

Fig. 9. The optimal mesh configurations of the four examined mesh types through which
the compressed ellipsoid (W18HO0) can pass through (right). The measured ellipsoid of
CS1 is shown in the same meshes (left). The ellipsoid to a 40 cm cod is used.

As mentioned above the results of the fall-through experiments indicate that the width of
CS2 can be compressed by more than 30% under the given conditions, becoming smaller
than the width of CS1 despite the larger cross-section measures of CS2. With a model
using an uncompressed approximation (stiff00) of cross-section CS2, based on the
measured dimensions alone, the length of cod that can penetrate a given mesh would
certainly have been underestimated. This effect is illustrated by the distributions of the SF
values shown in Fig. 10.
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Fig 10. Distribution of scaling factor values (SF) for different penetration models of CS1
and CS2. CS2_0 =0 compression on the ellipsoid fitted to the measurements of CS2.
CS2_15and CS2_30 correspond to 15% and 30% symmetric compression on the
ellipsoid fitted to the measurements of CS2. CS1_W18 HO = 18% compression on the
width and 0% on the height on the ellipsoid fitted to the measurements of CS1.
CS1_W18 HO is the penetration model with the highest DA value.

The disagreement (1 — DA) is reduced from 12.2 % to 2.4 %, approximately a factor of
5, when changing penetration model from CS2_00 to our model with CS1 (HOW18). The
above results show that the FISHSELECT method is sensitive to the quality of the
approximations on the penetration model.

3.4 Comparison with experimental data

With the mean value of 35 degrees, mentioned in 2.9, as a basis point we have
simulated the influence on the selectivity process of increasing the range of mesh
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openness uniformly distributed in various angle intervals around 35 degrees for a
preliminary prediction of the selectivity parameters for a 110 mm mesh panel (Table 3).

Range of oa distribution (degrees) L50 (cm) SR (cm)

35 28.85 1.49
30_40 28.92 3.23
25 45 28.79 4.95
20_50 28.43 6.85
20 55 29.55 7.38
15_60 29.03 9.06
10_65 28.40 10.83
15 55 28.03 8.71
20_65 31.31 7.95
Soft 46.46 1.74

Table 3. Morphological based predictions of L50 and SR with different distributions of
the opening angle (0a) in a 110 mm codend with 100 meshes in the circumference made
in double 4mm PE. The oa distribution is assumed to be uniform.

The value of SR (L75-L25) increases as a consequence of increasing the mesh oa
range. The results in Table 3 (L50, SR versus mesh oa) show that realistic predictions of
the selectivity parameters are obtained simply by using a reasonably wide range of values
of mesh oa. The L50 value in Dahm et. al., (2002) varies between 24.61 cm and 33.47 cm
in the first experiment and between 22.45 cm and 35.22 c¢cm in the second experiment.
Use of the range between 15 and 65 degrees corresponds to L50 values up to about 34 cm
(Fig 13). There is a relatively large variation in the SR-values in Dahm et al., (2002) but
for most of the hauls in agreement with the value of about 9, which we find for the 15 65
degree mesh opening range (Table 3). This result supports the stiff mesh assumption,
which is further strengthened by the unrealistic selection parameters obtained when
applying a soft mesh model (selection curve Fig 12 right). This would mean that the mesh
could be fully distorted and penetration success therefore only would be restricted by the
mesh perimeter. Both the number of meshes around the cod-end circumference and the
mesh oa in the cod-end (correlated parameters) would have no effect on the cod-end
selection contrary to experimental evidence (Reeves, 1992; Galbraith, 1994).
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Fig 12. Simulated selections curves with different assumptions on oa (35 and 15_65) and
experimental selection curve (Galbraith 1 and 2 from Galbraith et al., (1994). A soft
model allowing full mesh distortion is also included.

3.5 Design guides

Design guides predicting basic selective properties for cod for each of the four mesh
types have been generated based on the penetration model with CS1 W18 HO. The
results for L50 are shown as iso-L50 curves of simulated L50 versus mesh size and oa for
diamond mesh in Fig. 13, versus squareness and mesh size for rectangular meshes in Fig.
14 and versus oa and bar length for hexagonal meshes in Fig. 15. Since the square mesh
can be considered a special case of the other types, those data are already included in the
diamond mesh design guide (for oa = 90 degree), the rectangular mesh design guide (for
squareness factor = 100%) and finally in the hexagonal mesh design guide (for oa = 180
degree). For a square mesh with a bar length of 200 mm across L50 has a value of about
70 cm (top right corners in Fig 13-15). Note that the L50 values in the diamond,
rectangular and hexagonal design guides are much less sensitive to changes in the mesh
size (x-axis) in the lower half of the oa range than in the upper range(Fig 13-15). A
maximum L50 value is reached with an oa at about 75° for a diamond mesh (Fig. 13). For
rectangular meshes the maximum is reached with a squareness factor of about 90%
(Fig.15). Maximum L50 values are reached for hexagonal meshes with an oa at about
120° (Fig. 15). For cod this is the highest value for any mesh size of the four mesh types
examined. The difference in optimum mesh size is quantified for a 40 cm cod in Fig. 9.
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Fig 14.1s0-L50 curves as a function of bar length (mm) and squareness factor (%). The
right side of the plot (squareness factor = 100%) corresponds to square meshes.
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Fig 15. Iso-L50 curves as a function of bar length (mm) and opening angle (0a) in
degrees. The right side of the plot (oa = 180 degree) corresponds to square meshes.

4. Discussion

With the FISHSELECT methodology we have found and measured the cross-
section contours that physically will limit the ability of cod to penetrate different mesh
configurations. Based on the measurements of CS1 we establish a penetration model that
explains 97.6% of the results obtained during the fall-through experiments. The less
explanatory (95.7%) penetration model, based on criteria using the larger measure of
CS2, demonstrates that a maximum girth measure even with its associated dimensions
(height and width) is an inadequate measure. In static gear as trammel nets or gill nets,
where the low tension and the thin twine makes the mesh more easily distorted by the
fish, the girth measure may be more relevant than in towed gear. The relatively large
difference between the stiff and the soft mesh penetration model (Fig.12) demonstrates
that the morphological (physical) conditions for mesh penetration is likely to be quite
different between towed gear and static nets.

Of the main design features of a diamond mesh cod-end mesh size has the most
significant effect upon fish size selection (Reeves et al., 1992). Using square mesh netting
or shortening the selvedge ropes along a diamond cod-end has been shown to increase
L50 for demersal round fish (Robertson and Stewart, 1988; Isaksen and Valdemarsen,
1990). Experiments with square mesh cod-end have resulted in narrower selection ranges
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(SR) for cod and haddock (Melanogrammus aeglefinus) (Robertson and Stewart, 1988;
Reeves et al., 1992; Halliday et al., 1999; He, 2007) which may be related to the fact that
square meshes change shape less than diamond meshes during fishing operation
(Robertson and Stewart, 1988; He, 2007). We observe a larger effect on the L50
estimates when increasing the mesh sizes in the upper half of the design guides (Fig. 13-
15) than in the lower half. Since experimental results indicate that mesh size is the
important parameter for the size selection of cod this agrees well with an assumption of
relatively open meshes. Herrmann et al., (2007) theoretically found that the realistic
variation in oa during a catch build-up was 15 to 65 degrees for 110mm diamond mesh
cod-end. The conditions for mesh penetration will therefore vary considerably during the
catch build up process. The largest retention length and the most narrow size selection for
cod are obtained if the fish is exposed to a mesh configuration that resembles the contour
of CS1 in the cod-end and if this configuration is kept constant during the fishing process.
The design guides (Fig. 13-15) shows that there is a large potential for improving the size
selection by keeping the meshes open and Fig. 9 shows the potential in using other mesh
types than diamond and square meshes in cod-ends.

Mesh type alternatives to the diamond mesh should be investigated as the diamond
mesh is not the optimal mesh configuration to size select cod with. The hexagonal mesh
is the mesh with the greatest resemblance with the contour of CS1. Square mesh panels
are widely used in Kattegat/Skagerrak and the North Sea today to improve the selection
of gadoids (EC Reg. 859/98; 15238/04; 2187/05; 51/06). Panels of hexagonal mesh will
according to this study improve the L50 compared to a square mesh used in the panels
today.

Cod is often caught in mixed species fisheries along with several other species with
different cross-section shapes. If the cod-end mesh configuration is optimized for cod
alone it may result in unintentional effects on the selection of other species that
contributes substantially to the total catch value in the fishery. Design guides produced
with the FISHSELECT methodology predicting size selection for the major economical
catch components in a fishery will allow quantitative multi-species considerations, where
the consequences for each catch component can be estimated for each mesh design
strategy. The possibilities and the limitations of size selection in a given fishery can be
indicated.

We used gravity to simulate the force a fish uses to penetrate a mesh. This
approximation acknowledges that a large fish has better swimming capabilities than
smaller fish, but we do not know how closely this approximates the in-situ penetration
force of cod. The reasonable agreement with experimental results obtained during
commercial fishing (Galbraith, 1994; Dahm et al., 2002) may however justify the gravity
approximation in addition to the stiff mesh approximation for cod.

We measured on cod caught in February, which is within the spawning season. The
batch of cod examined contained some larger fish with relatively well developed gonads
which may well affect the measured dimensions of CS2. The compression level of CS2
indicated by the fall-through experiments is however so high that CS1 still determines,
whether or not the cod can pass through a given mesh and the development of gonads
does not affect CS1. Seasonal morphological variation in terms of somatic or gonadal
growth therefore appears to have little effect on at least the biophysical conditions for
mesh penetration for cod. On the other hand, the mechanical stress inflicted on the fish,
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when the fish is compressed considerably during a mesh penetration, could affect its
ability to survive.

The Danish MLS for cod in the North Sea and in Kattegat/Skagerrak has with effect
from the 1. January 2008 been harmonised with the EC MLS. The MLS is reduced from
40 cm to 35 cm in the North Sea, where a 120 mm cod-end is primarily used. In
Kattegat/Skagerrak, where a 90 mm cod-end is used, MLS is reduced from 35 cm to 30
cm. This adjustment of the MLS is introduced to obtain a better balance between MLS
and the 50 % retention length (L50) in the commonly used gears. An average oa of about
50 degrees is needed to obtain an L50 value of 30 cm for a 90 mm diamond mesh (Fig.
13). This would again require a cod-end catch weight of about 600 kg (Fig. 11). Instead
of increasing the nominal cod-end mesh size or reducing the MLS an optimal and more
constant oa in the cod-end meshes would provide a less variable size selection
independent of the catch build-up process. Means to reduce the variation in oa during a
tow could investigate the use of different mesh types like square and rectangular which
only have tension in the longitudinal bars. Further could mechanisms that can control the
tension in the cod-end meshes e.g. lastrigde ropes or panels in be investigated for
diamond mesh codends.

The information given in the design guides will allow gear designers and managers
to get a quick overview of the theoretical selectivity to various different netting designs.
Designs can be optimized theoretically with relatively low cost, before they are tested
practically in expensive sea trials. It is however important that gear designs are tested at
sea before design parameters are fixed, e.g. by introduction into the legislation, since gear
selectivity is affected by parameters like fish behaviour, vessel size, ground gear, sea
state (Wileman et al., 1996), which cannot be accounted for in the FISHSELECT
simulations. But use of the morphological data collected and the mesh penetration models
developed during the project can be integrated into more complete predictive cod-end
selection models like PRESEMO (Herrmann, 2005).
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Abstract

Plaice is caught in demersal fisheries both as target species and as by-catch. For a sustainable
exploitation of a resource like plaice, choice of netting that optimizes catches and minimizes
discards is important. In mixed species fisheries, this is a complex process resulting in a trade off
between catches and discards of the different species. FISHSELECT is a simulation tool that makes
it possible to predict the selective properties of a netting panel prior to testing at sea. In the present
study we use the FISHSELECT methodology to identify the morphological characteristics and
corresponding cross-sections of plaice that are expected to affect the selective properties in different
mesh sizes and types. The simulations are validated against selective parameters obtained in field
experiments.

Keywords: mesh penetration; modeling; Plaice; Pleuronectes platessa; fish morphology;
FISHSELECT; selectivity

1. Introduction

It is well established that the interaction between shape of the mesh and cross section shape of the
fish is a main factor in determining the selective properties of a codend. During the last decades, the
consequences of this interaction have been investigated in experiments comparing the selective
properties of diamond mesh codends versus square mesh codends. These studies find that square
mesh codends are more selective for round fish species but less selective for flat fish species. The
reason for the difference in selective properties of diamond and square meshes is argued to be
linked to the morphology of the fish (e.g. Clark, 1963; Efanov et al., 1987; Fonteyne and M'Rabet,
1992; Madsen et al., 2006).

When compared to diamond mesh codends with the same mesh size, a square mesh codend is thus
found to have a larger length at 50% retention (L50) and lower selection range (SR) for several
species of round fish e.g. cod (Gadus morhua) and haddock (Melanogrammus aeglefinnus) (e.g.
Cooper and Hickey, 1989; Halliday et al., 1999). This effect was also observed by Thorsteinsson (,
1992) who, in a catch comparison experiment, found square mesh codends to reduce by-catch of
small herring (Clupea harengus), capelin (Mallotus villosus) and whiting (Merlangius merlangus).
For flatfish however, L50 is found to be lower in a square mesh codend than in a diamond mesh
codend with the same mesh size. This effect has been documented for: yellowtail flounder
(Limanda ferruginea), American plaice (Hippoglossoides platessoides), witch flounder
(Glyptocephalus cynoglossus) and winter flounder (Pseudopleuronectes americanus) (He, 2007;
Simpson, 1989; Walsh et al., 1992). While the effect of mesh shape on L50 of flatfish is
unambiguous, there is no clear tendency for the effect on SR (He, 2007; Simpson, 1989; Walsh et
al., 1992).

FISHSELECT is a novel methodology where morphological features relevant for mesh penetration
are identified and linked to the selectivity of different mesh configurations (Herrmann et al (Al)).
The method improves the understanding of the interaction between the fish and the netting panels
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and it provides estimates on the selective properties of codends prior to testing at sea. The present
study focus on plaice (Pleuronectes platessa) on which published selectivity data are sparse.

We use the FISHSELECT to theoretically estimate selectivity of plaice in codends made up of mesh
shapes used today (diamond and square) as well as alternative mesh designs in order to identify the
most advantageous nettings for this species.

2. Materials and methods

2.1 Laboratory experiments

In February 2007, plaice were collected by use of gill nets in Skagerrak. During the following
laboratory experiments, the plaice were kept in tanks where mortality was low. Only live,
undamaged fish were used in the experiments. When they were removed from the tanks, they were
Killed in a solution of ethylene-glycol-mono-phenyl-ether commonly used for anaesthetization of
fish.

Templates, plates with holes simulating 118 different mesh types, were used in the penetration
experiments (see Herrmann et al. (A1)). The mesh shapes examined were diamond, square,
rectangular and hexagonal and for each shape and size, they were laid out with a series of different
openings in order to reflect the mesh configurations expected to be found in a codend (Table 1). The
templates used, follow the descriptions in Krag et al. (A2). Note that a square mesh is considered
the same as diamond mesh with 90 degree opening angle.

Table 1. Mesh sizes and opening angles investigated. Definition of opening angle is outlined in
Herrmann et al (A1)
Diamond Hexagonal Rectangle

Number of meshes 64 36 18
Min mesh size 77.7 69.8 100.4
Max mesh size 200.4 200.6 273.0
Min opening angle 14.4 86.1 90.0
Max opening angle 90.0 180.0 90.0

Besides length, weight and gender, three cross-sections (CS1, CS2 and CS3) were measured on
each fish with the MorphoMeter (see Fig 2 and description in Herrmann et al. (A1)). The position of
each of the cross sections was based on experience from initial experiments, where the parts of the
fish, that might prevent mesh penetration, were identified. CS1 is positioned on the highest point of
the head. CS2 by the anal spine and CS3 at position with the maximum width of the body excluding
the fins (Fig. 1). The length of the fish was measured to the nearest millimeter below.
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Fig. 2. Plaice in MorphoMeter. CS1is being measured.

In the penetration experiments, the templates were placed horizontally and it was tested whether the
fish, could pass through a given mesh or not under the force of gravity. Fish were oriented head
down and turned to the optimal orientation with the highest chance of penetration (Fig. 3). The pass
through experiments complies with the methodology outlined by Herrmann et al. (Al).

Fig. 3. Penetration experiment. Plaice in a hexagonal mesh. Note the deforming fins.

2.2 Data analysis

Each cross section outlined by the MorphoMeter was scanned and the contour extracted with the
image analysis function in the FISHSELECT software tool. To reduce the number of parameters
needed to describe the shape of the cross-section, five geometric shapes were fitted to the contour
data; an ellipsoid, a half ellipsoid, a triangle, a symmetrical trapezoid and an asymmetrical
trapezoid. Each CS was fitted to all geometric shapes and the mean difference between each
geometric shape and the outline in question was averaged over all fish. Depending on the
geometric shape, the outlines of the cross-sections are thus described by a limited number of
parameters, and we establish a relationship between these parameters and the length of the fish.
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As outlined in the FISHSELECT protocol (Herrmann et al. (Al)), a series of penetration models
with different degrees of compression of the different cross-sections, possible exclusion of fins as
well as inclusion and exclusion of cross-sections, were tested. The models are used to simulate
whether fish from the experiment will be able to pass through the meshes in the templates or not. In
order to identify the best model, simulated results are held against the experimental results and the
degree of agreement (DA) is established. DA ranges from 0 - 100% agreement between the model
and the experimental results.

2.3 Validation of the penetration model

Selection parameters from field experiments were used to validate the chosen penetration model
and to justify its use for predicting selectivity of a real codend. Unfortunately, selection data are
sparse on plaice and to our knowledge data from just two studies are accessible (Allan, 2006
(bottom trawl experiment); van Beek et al., 1981 (beam trawl experiment)). Besides these data, we
have unpublished otter trawl data on selection of plaice in a nominal 70 mm square mesh codend
and a nominal 90 mm diamond mesh codend. To validate the penetration model we simulate the
selective properties of these codends and compare the output with the estimates obtained in the
field. With regards to fish, we use the relationships between fish length and cross-section
parameters to produce a virtual population of 2000 plaice with stochastically varying cross-section
shapes as outlined in Herrmann et al. (Al).

2.4 Production of a design guide

To predict the basic selective properties for different netting designs, we used the virtual population
of fish created in section 2.3. In the FISHSELECT software, simulations were carried out for a
series of mesh configurations by using the properties of these fish combined with the penetration
model. The output of this exercise is a design guide that contains expected basic selective properties
both of the nettings used today and of other designs that might have a potential in future fisheries.

3. Results
A total of 70 plaice measuring 18-46 cm were investigated (see size distribution in Fig. 4). Of these,
56 were females and 4 were roe fish.

20

15 ~

10 ~

No. of fish

10 20 30 40 50
Length (cm)

Fig. 4. Length distibution of fish used in the penetration experiment
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3.1 Cross-section shape

Mean difference between the outlines of the cross-sections and the 5 geometric shapes ranged from
0.42 to 3.02 mm (Table 2). CS1, CS2 and CS3 all had the highest resemblance (mean difference at
0.42, 0.50 and 0.65 mm respectively) with an asymmetric trapezoid. The asymmetric trapezoid is
therefore used to describe the shape of the cross-sections in the following analyses.

CSs1 CS2 CS3

ELL mean diff. 1.42 mean diff. 1.74 mean diff. 3.02

sd mean diff. 0.07 sd mean diff. 0.08 sd mean diff. 0.17
P . e

mean diff. 0.63 mean diff. 0.79 mean diff. 1.62

sd mean diff. 0.02 sd mean diff. 0.02 sd mean diff. 0.06
TRI .Cl\ TN e

mean diff. 0.82 mean diff. 0.86 mean diff. 0.98

sd mean diff. 0.05 sd mean diff. 0.05 sd mean diff. 0.04
TRA 0N T N T

mean diff. 0.52 mean diff. 0.58 mean diff. 0.73

sd mean diff. 0.02 sd mean diff. 0.04 sd mean diff. 0.02
AR LN ol e

mean diff. 0.42 mean diff. 0.5 mean diff. 0.65

sd mean diff. 0.03 sd mean diff. 0.04 sd mean diff. 0.04

Table 2. The three cross-sections (CS1, CS2 and CS3) fitted to five geometric shapes; ellipsoid
(ELL), half ellipsoid (HEL), triangle (TRI), symmetrical trapezoid (TRA) and asymmetric trapezoid
(ATR). Mean difference (mm) between the geometric shape and the outline in question, averaged
over all fish is shown together with the standard deviation (sd)(mm) of the estimate.

3.2 Morphological relationships

The asymmetric trapezoid can be described by four parameters: W1, W2, h and e (Fig. 5). Parameter
data were plotted versus fish length (1), and for each cross section a power function of fish length
was fitted to parameter data (Fig. 6). For the relationships between length and parameters W1 and h,
the power function fitted data well with R? above 0.75. Parameters W2 and e are sensitive to actual
shape and more variable and values of R? are therefore lower.
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Fig. 6. Morphological relationships between length () of fish and cross-section parameters

assuming an assymetric trapezoid shape. A power function (x = a ¢ 1°) was fitted to data. The
functions are plotted (solid lines) and the 95% confidence limits are indicated (dotted lines).

3.3 Penetration experiment

Results from the penetration experiment make up a matrix of 8260 cells, each indicating success or
failure for a given fish to penetrate a given mesh. Data was checked and 8 obviously erroneous
results were replaced by question marks. They were handled as missing values in the data matrix in
the following analysis.

During the penetration experiment, it was experienced that, depending on the opening angle and
shape of the mesh, the height of the head was the limiting factor in some cases, whereas the width
and height of the body was limiting in other cases. Furthermore, the fins were found to be highly
deformable and the fish body tended to curve slightly perpendicularly to the spine. Information on
height and width can be extracted directly from the three cross-sections while different modes of
compression of the cross-sections can be used to simulate features like body curving and
deformable fins.

3.4 Identification of the best penetration model

An initial screening of a broad range of compression modes was performed as a first step in the
search for the best penetration model. Each fish from the experiment is described by three
asymmetric trapezoids representing the three cross sections. In the penetration models, each of the
three cross sections were assigned one of four levels of compression along the width axis (w-axis)
ranging from 0% to 60%. The same levels were used for compression along the height axis (h-axis)
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and finally areas of the trapezoids were cut away, where the nominal height (h) was below one of
four levels from 0% to 75%. This cropping of the pointed parts of the trapezoid is equivalent to
ignoring the fins or other soft parts.

The FISHSELECT fall-through simulation program was then run in order to test various models
including one to three cross-sections, all subjected to the levels of compression and cropping
described above. The results of the simulations for each model were compared to the experimental
results and DA was quantified (Table 3). When using only one cross-section to predict, whether a
fish will penetrate a mesh or not, the highest DA (94.4%) is found for CS3. This indicates that in
most cases, mesh penetration is determined by the maximum width of the fish. Combining CS3
with CS1 increases DA to 96.2% indicating that in some cases, the height of the head is limiting
mesh penetration. Including all three cross-sections, only increases DA with 0.07 %. It is therefore
concluded that most of the information relevant for mesh penetration that can be extracted from the
cross sections CS1 and CS3.

DA Cs1 CS2 CS3
CS1 78.2% - -
CS2 93.1% 92.1%

CS3 96.2 % 95.9% 94.4 %

Table 3. Degree of agreement (DA) between simulation of mesh penetration and results from the
penetration experiment. The simulations include information on CS1, CS2 and CS3 alone or in
combination obtained in the initial screening.

The penetration models that take both CS1 and CS3 into account were sorted with regard to DA.
This revealed that highest DA’s were obtained with no compression along the h-axis of CS1 and no
compression along the w-axis of CS3. In order to find the best penetration model, the levels of
compression and cropping of both CS1 and CS3, were increased. The best penetration model had a
DA of 96.8% and was obtained with the following combination:

CS1: 40% compression on the w-axis, zero compression on the h-axis and cropping areas of the
trapezoid where height is less than 70% of h (Fig. 8A).

CS3: Zero compression on the w-axis, 25% compression on the h-axis and cropping areas where
height is less than 22% of h (Fig. 8B).

The robustness of this model was supported by the fact that small changes in degree of cropping
and compression of either CS1 or CS3 only resulted in minor changes in DA. An investigation of
DA’s obtained with the different mesh shapes further confirms the robustness of the model since
variation in DA between the shapes is low (diamond: DA=96.5%, hexagonal: DA=97.0% and
rectangle: DA=96.9%).
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Fig. 8. CS1 (A) and CS3 (B). Backgrounds are scanning pictures of plaice cut over at the position of
the cross section and underformable bonestructures indicated (dotted line). The cross section was
captured by use of the morphometre prior to cutting (triangles) and the assymmetric trapezoids were
fitted (solid line). The best penetration model results in reductions of the cross sections (dashed
line).

3.5 Validation of penetration model

The penetration model found to have the highest DA was used to predict the selective properties of
codends, on which we have data from field experiments (Table 4).

van Beeket vanBeeket vanBeeket vanBeeket  Allan, 2006 Allan, 2006 Unpubl. Unpubl.
al. 1981 al. 1981 al. 1981 al. 1981
Codend
Mesh shape diamond diamond diamond diamond diamond diamond diamond square
Mesh size (mm) 90.4 109.1 122.3 137.2 119.64 129.42 925 68.5
Material Nylon Nylon Nylon Nylon Brezline® PE  Brezline® PE PE Nylon
Twine thickness (mm) n.a. n.a. n.a. n.a. 5 5 5 3
No. of twines 1 1 1 1 2 2 2 1
No. of hauls 24 26 24 20 5 9 18 6
No. of meshes around n.a. n.a. n.a. n.a. 100 100 92 92
Catchweight (kg) 276 212 192 84 517-636 267-652 33-1488 180-420
Experiment
L50 (cm) 19.0 22.9 254 30.0 29.09 31.94 2191 13.93
SR (cm) 3.2 35 5.6 5.4 21 2.22 2.49 2.27
SF (L50 / Meshsize) 2.10 2.10 2.07 2.19 2.43 2.47 2.37 2.03
Simulation
OA (degree) n.a. n.a. n.a. n.a. 20-50 20-50 20-50 80-130
L50 (cm) n.a. n.a. n.a. n.a. 26.25 28.65 20.05 12.74
SR (cm) n.a. n.a. n.a. n.a. 2.36 251 1.64 1.64

Table 4. Properties of the experiementally tested codends, their estimated selective parameters and
the corresponding simulated selective parameters. Mesh sizes were measured with an ICES gauge
with a 4 kg spring load.

The virtual population of 2000 fish was created and to ensure that the entire selective range of all
investigated meshes is covered, the length distribution of the virtual population was constructed as a
uniform distribution ranging from 20 to 600 mm (fig 9).

100
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No. of fish

Fig. 9 Length distribution of fish in the virtual population.
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This fish population was used as input in the model in combination with the mesh sizes from the
tested codends. Depending on the mesh shape and the codend geometry each mesh size will take on
a range of different mesh configurations, either by different opening angles (diamond meshes) or by
different distances between the tension bars (square and rectangular meshes). The model output is a
range of L50’s illustrating the effect of mesh configuration on L50 (Fig. 10).
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Fig. 10. Comparison of the L50 values obtained from field experiements (solid line) with simulated
L50 values (hatched line) for a range of opening angles (OA)I. Stretched mesh sizes are: A.92.5 mm
(Unpublished diamond mesh data), B. 119.6 mm (Allan 2006, diamond mesh), C. 129.4 mm (Allan
2006, diamond mesh), D. 68.5 mm (Unpublished square mesh data), E. 90.4 mm (Beek et al. 1991,
diamond mesh), F. 109.1 mm (van Beek et al. 1991, diamond mesh), G. 122.3 mm (van Beek et al.
1991, diamond mesh) and H. 137.2 (van Beek et al. 1991, diamond mesh). Further details about the
codends are listed in table 4. Dotted line indicates the L50 value obtained, when assuming a fully
deformable mesh. Grey area indicates the expected mesh openings in the tested gears.

For diamond meshes, the highest L50’s are found for opening angles ranging from 30 to 50 degrees
(Fig. 10A-C and 10E-H)). In square meshes, the low tension bars perpendicular to the towing
direction may transform the mesh into the shape of a hexagon. The highest L50 for square mesh
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netting is found when the opening angle of a corresponding hexagonal mesh is 40 to 80 degrees
(Fig. 10D).

In FISHSELECT simulations, the bars of the meshes are assumed to be undeformable. In order to
justify this assumption, contrasting case is illustrated by making the shape of the mesh identical to
the shape of the cross-section of the fish. L50 of such a deformable netting depends only on the
mesh size, but is independent of the opening angle and initial mesh shape (Fig. 10A-10H).

When fishing, the mesh opening angles of a diamond mesh codend are determined by the number of
meshes around, the distance from the accumulated catch and the catch size (Herrmann et al. 2007).
The number of meshes around is unknown for the beam trawl experiment (van Beek et al., 1981)
and opening angles can therefore not be estimated. Without knowledge of the actual mesh
configurations in the codends it is not possible to estimate values of SR and L50. For all four beam
trawl codends, the experimentally obtained L50 lies within the range of simulated L50 (Fig. 10E-
H).

The range of opening angles to be expected in the rear end of the trawl in the other diamond mesh
experiments referred to in this study have been estimated by methods outlined in (A2). Starting at
the edge of the accumulated catch to 1.7 m in front of this, the opening angles will range from 20 —
50 degrees. In this range, the simulated L50 values (hatched line) are lower by 5 to 20% than the
experimental value (solid line) (Fig. 10A-C).

With the deformable netting assumption,L50 is overestimated in the diamond mesh codends by 2 to
4 % in the otter trawl experiment and by 17-23% in the beam trawl experiments (Fig. 10A-C and
10E-H).

Mesh geometry is expected to be less variable in square mesh netting than in diamond mesh netting
and square meshes often assumed to be fully open (e.g. Robertson and Stewart, 1988). Though less
pronounced than for diamond meshes, the geometry of meshes in a square mesh codend do vary.
Based on underwater photos (Robertson, 1986) and photos from flume tank testing, the square mesh
act similar to hexagonal meshes with opening angles estimated to be between 80 and 130 degrees.
An undeformed square mesh corresponds to an opening angle of 180 degrees. Simulated L50 values
for this range of mesh openings varies from 2 % above the experimentally estimated L50 value to
19 % below (Fig. 10D). If the meshes are assumed fully deformable, they take shape after the cross
section of the fish. This would result in a L50 value, which is higher than any of the L50 values
simulated for undeformable meshes, and it also exceeds the experimentally estimated L50 value, by
14 %.

Based on the estimates of mesh geometry in the tested otter trawl codends, and the assumption that
all opening angles of the codend netting are present in equal frequency, we are able to simulate the
selective properties for the tested codends (Table 4). For the diamond mesh codends the result is an
underestimation of L50 by 8.5 to 10.3% while estimates of SR ranged from being 34.1% below to
13.1% above the experimental value. Simulations for the square mesh codend underestimate L50 by
8.5% and SR by 27.8% (Table 4).

3.6 Design guide

The penetration model was used to generate selection parameters for a series of mesh configurations
based on three basic mesh shapes; diamond, rectangle and hexagonal. For diamond and hexagonal,
each mesh size was investigated with different opening angles (fig 11A and 11B). For rectangles,
each mesh size was investigated with different proportion between the bar lengths (Fig 11C).
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L50 (cm) versus meshsize and opening angle
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Fig. 11A. Isoline plot showing L50s in diamond meshes as a result of variation in mesh size (bar
lenght) and opening angle. Stretched mesh size equals 2 times bar length and an opening angle of

90 degrees results in a square mesh.

For diamond mesh (Fig. 11A), the retention of plaice is high until an opening angle around 20

degrees, but then L50 rises steeply. Max L50 is reached around an opening angle of 35-40 degrees

where after it slowly decreases concurrently with the largest diagonal of the mesh.

L50 (cm) versus mesh size and opening angle

|
/

QM

T T T T T T T
80 100 120 140 160 180 200

< mesh size (mm) D

O

150
|

opening angle (degree)
100
!

Fig. 11B. Isoline plot showing L50s in hexagonal meshes as a result of variation in mesh size (bar
lenght) and opening angle. An opening angle of 180 degrees results in a square mesh.
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For hexagonal meshes, L50 is very low at small opening angles (Fig. 11B). At small opening
angles, the height of the head (CS1) is limiting mesh penetration, but L50 increases steeply as the
opening angle increases and peaks around an opening angle of 50 degrees. At this opening angle,
width of the body (CS3) becomes the limiting factor for mesh penetration. When increasing the
opening angle of a hexagonal mesh, the longest diagonal shortens until an opening angle of 140
degree. At a further increase in the opening angle another diagonal becomes the longest and it
increases slightly, which is reflected in the value of L50.

L50 (cm) versus mesh size and squareness factor
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Fig. 11C. Isoline plot showing L50s in rectangular meshes as a result of variation in mesh size (bar
length) and shape (squareness). A squareness factor of 100% results in a square mesh.

In rectangular meshes, mesh opening is determined by the squareness factor, which is defined as the
ratio between the short and the long mesh bars. At high values of the squareness factor, the optimal
orientation of plaice is with its width along the mesh diagonal and at small values, optimal
orientation is parallel to the long mesh bar. L50 increases rapidly with mesh opening (Fig. 11C) at
small values of squareness factor, when the height of the head is the limiting factor in mesh
penetration. From a value of the squareness factor of approximately 20% the width of the body and
thus the diagonal of the mesh becomes the limiting factor. The diagonal decreases to a squareness
factor value of 50% after which it levels off.

Selective parameters of plaice in a grid is estimated by use of rectangular meshes where the long
bar is held constant (400 mm) and the short bar corresponds to the bar distance. With bar distances
from 20-40 mm, L50 / bar distance equals 14.

For meshes with the same stretched size, rectangular meshes have the lowest value of L50 of the
mesh shapes investigated here, while maximum L50 for diamond and hexagonal meshes are similar.

4. Discussion
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The morphological measurements of CS1 and CS3 could explain 96.8 % of the results obtained by
laboratory experiments on mesh penetration of plaice. Furthermore, these cross-sections could be
approximated with the geometric shape of an asymmetric trapezoid with good accuracy. It was also
found that for both cross-sections the associated cross-section parameters that determine mesh
penetration are well-correlated with the length of the fish. Based on the above, it is concluded that
these cross-sections are adequate in the analysis of mesh penetration.

Cropping away parts of the cross-sections as well as deforming them along one of the axes, is a
method to modify the trapezoids to make them better fit the real shape of the fish during
penetration. The actual compression of the soft parts is limited, but they are deformable and may
alter the cross-section shape when forced through a mesh as well as when they are placed on the
table for measuring. The compression and cropping used in the best penetration model may thus
appear to be crude, but it does preserve the non-deformable properties of the bone structures (Fig.
8).

The virtual fish population we have created consists of fish ranging from 20 to 600 mm. Their
morphological measures are based on the relationships obtained from the fish examined in the
present experiment, where fish lengths ranged from 180 to 460 mm. The shapes of both the smallest
and largest fish are thus based on extrapolations. For the small fish, this is justified by the fact that
metamorphosis, where plaice takes on the shape of a flatfish, is completed at a length of 13-14 mm
(Russell, 1976) and we thus assume the relationships to be valid from this stage. Variation in all
parameters between individuals increase with fish size but since variation in the parameters is
incorporated in the creation of the virtual fish population, the extrapolation to large fish is assumed
to be justified.

Whether a fish penetrates the codend or not depends both on the morphology and the behaviour of
the fish. In this study we focused exclusively on the influence of morphology, since regardless of
the behaviour of a fish, it will only be able to penetrate a mesh, if it is large enough. The selection
parameters predicted by FISHSELECT are therefore expected to be maximum values for a
corresponding codend.

The values of L50 simulated for the beam trawl experiments are approximately equal to the values
obtained in the field experiments. This indicates that under the given conditions, plaice fully exploit
the chance of escape, and L50 can be predicted from the morphology alone. But in the case of the
otter trawl experiments, the predicted values of L50 are consistently 8.5-10.3 % lower than the
values obtained by field experiments. An underestimate of L50 values challenges the very concept
of FISHSELECT and we therefore need to confront the basic assumptions of the methodology. The
crudest assumption must be that we set the muscle force of the fish to be comparable to the pull of
gravity. Both forces increase with the size of the fish, but whether they are comparable is likely to
be species-specific and in particular determined by the swimming mode of the fish. If the actual
muscle force of the fish is larger than the pull of gravity, the consequence will be that
FISHSELECT consistently underestimates the L50. The use of dead fish in the penetration
experiments also induces the risk of missing a change in cross section shape caused by the muscle
contraction. In the case of flatfish such as plaice, an increased flexion of the body affects the cross
section shape. In combination with scales, such a change in shape is likely to aid the fish through
the mesh to an extent that cannot be predicted by FISHSELECT alone. In the present study, fish are
simulated to attempt escape once. If the actual number of attempts is higher, the chance that a fish
meets a mesh having the optimal configuration increases as does L50 as shown by Herrmann and
O’Neill (, 2005).
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The difference in results between the beam trawl and the otter trawl experiment is uncertain. One
otter trawl experiment was performed as a twin trawl experiment (Unpubl. diamond) while all the
rest were covered codend experiments. The selectivity ogives in the beam trawl experiments are
drawn by eye on pooled data while the SELECT method (Millar, 1992) in combination with Fryer’s
model (Fryer, 1991) has been used on two of the otter trawl experiments (Allan, 2006). Both
unpublished data sets have been analyzed using the SELECT method one on stacked data (Unpubl.
diamond) and one on pooled data (Unpubl. square). These differences can not systematically
explain the differences found in the selective parameters. Remaining is the factor of fishing gear
and towing speed. Previous experiments have shown that length distribution of plaice caught in
beam trawls is comparable to that of otter trawls. But the same experiments showed that the
proportion of undersized plaice in otter trawls were somewhat though not substantially smaller than
in beam trawls (Dahm et al., 1996). Towing speed in the beam trawl experiment was 5 knots while
towing speed in the otter trawl experiments was 3.5 knots (Allan, 2006) and 2.5 knots (Unpubl.). At
high towing speed, the relative swimming speed of the fish and thus its ability to actively navigate
to the panels of the codend is reduced. Furthermore, the number of attempts is potentially higher
when the travel time of the fish through the codend is longer. The effect of towing speed on codend
selectivity has previously been investigated for haddock, but not proven (Dahm et al., 2002).

The assumption of undeformable meshes is based on the belief that stiffness of the mesh bars under
tension in a codend is so large that fish cannot deform the bars with muscle power. This assumption
is supported by Allan (, 2006) who, for plaice, finds no connection between selection parameters
and twine tenacity.

With regard to SR, the differences between FISHSELECT estimates and results obtained in the
otter trawl experiments vary. In general though, plaice has a relatively low SR compared to round
fish. Among other things, SR is determined by variation within the fish population, variation in
mesh configurations within the codend, contact frequency between fish and netting and the handling
of between haul variation in L50. In the FISHSELECT simulations, the range of opening angles
most likely to occur in a trawl codend have little variation in L50 (Fig. 10 & 11). This offers an
explanation to why SR in general is low for plaice. SR in the beam trawl experiments is
substantially higher than those in the otter trawl experiments.

The disagreement between the experimentally estimated selective properties of the beam trawl and
the otter trawl makes the justification of the use of FISHSELECT in predicting mesh penetration of
plaice uncertain.

For all mesh shapes, highest L50 was obtained for mesh configurations that had highest
resemblance with the cross section of a plaice. The corresponding mesh opening was approximately
30 and 50 degrees for diamond mesh and hexagonal mesh respectively and for rectangular meshes,
squareness factor of the optimal mesh was 20%. This supports previous findings indicating that
square mesh codends have a poor size selectivity of flat fish compared to diamond meshes.

The fish used in the present experiment were caught in February in the North Sea and previous
experiments have shown that some spatial and temporal variation should be expected (Ozbilgin et
al., 2006). In the present experiment, 6% of the fish were roe fish and if these are excluded from the
analysis, DA increases by 0.1% to 96.9%. This indicates that the found penetration model is
relatively robust to small changes in population structure.

Different fisheries are characterized by different types of vessels as well as different types and sizes
of trawls and footgear and all these factors have been shown to influence the selective properties of
the gear (e.g. Engés and Godg, 1989; Ozbilgin et al., 2006; Tschernij and Suuronen, 2002). The
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selectivity parameters obtained for mesh configurations listed in the design guide should therefore
be regarded as a guidelines only and before introducing new gear types into any fishery, their
selective properties should be tested by a vessel from the fleet in question.
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A note on the FISHSELECT results for haddock

Haddock were caught by chartering a commercial trawler in November 2007.
Approximately 200 live individuals were brought to tanks in the laboratory. Of these
individuals 80 were used in the FISHSELECT experiments. Fig. 1 shows the size
structure of these individuals.

Fig. 1.

Because the body of haddock is very deformable (see Fig 6) we decided to hang the
individuals vertically when measuring two of the three cross-sections CS2 and CS3 (fig
2).

Fig. 2.

To do this a special fixture from which the fish could be hung with a hook in the mouth
was produced (fig. 3) and the mechanical MorphoMeter was mounted horizontally.
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For cross-section 1 at the head we had to place the haddocks horizontally and the
MorphoMeter vertically to avoid that the gill lids (operculum) bend out and bias the
measurement (Fig. 4).

Fig. 4.

Fig. 5 shows the work in the laboratory with scanning of the cross-section replica using
the flatbed scanner and acquiring the data in a laptop computer.

Fig. 5.

Fig. 6 shows details of the fall-through experiments, when the fish pass through the
meshes in the mesh template plates and the data are entered into the FISHSELECT
software installed in a laptop computer.
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Fig. 6.

21 different mesh template plates were used in the fall-through experiments with a total
of 132 different mesh hole shapes: diamond (type=D), square (type=S), rectangle
(type=R) and hexagonal (type=H)). With 80 haddock in the experiment this makes 10560
fall through results. Table 1 shows the parametric data (mesh number/ID, meshsize,
opening angle) for all the 132 mesh template holes used in the experiment with the syntax
developed for the FISHSELECT software tool. The data listed are not nominal measures
but obtained by scanning each mesh hole, digitizing the contour using the built-in image
analysis functionality in the FISHSELECT software tool. The parametric description is
obtained by fitting one of the shape types listed above to the contour using the built-in
functionality.

Table 1.

ID=1;Type=D;m=77.69;0a=30.54;I1D=2; Type=D;m=78.01;0a=55.58;ID=3; Type=D;m=80.27;0a=87.01;
ID=4;Type=D;m=88.20;0a=25.8;1D=5; Type=D;m=88.47;0a=30.92;1D=6,; Type=D;m=88.80;0a=37.32;
ID=7;Type=D;m=88.35;0a=39.69;ID=8; Type=D;m=88.71;0a=45.85;1D=9; Type=D;m=89.75;0a=50.1;
ID=10;Type=D;m=89.26;0a=57.29;ID=11; Type=D;m=90.05;0a=60.08;I1D=12; Type=D;m=89.76;0a=61.79;
ID=13;Type=D;m=90.59;0a=69.79;1D=14; Type=D;m=89.26;0a=76.33;1D=15; Type=D;m=90.38;0a=81.45;
ID=16;Type=D;m=89.70;0a=85.36;ID=17; Type=D;m=91.16;0a=89.99;ID=18; Type=D;m=100.78;0a=19.87;
ID=19;Type=D;m=98.31,;0a=56.16;1D=20; Type=D;m=99.84,0a=86.21;ID=21;Type=D;m=109.42;0a=20.31;
ID=22; Type=D;m=109.56;0a=55.22;1D=23; Type=D;m=109.18;0a=86.48;1D=24; Type=D;m=118.27;0a=19.67;
ID=25;Type=D;m=114.16;0a=26.49;1D=26;Type=D;m=118.83;0a=31.73;1D=27; Type=D;m=117.90;0a=35.61;
ID=28;Type=D;m=118.35;0a=41.37;1D=29; Type=D;m=118.23;0a=46.22;1D=30; Type=D;m=119.86;0a=50.09;
ID=31;Type=D;m=118.94;0a=57.41;1D=32; Type=D;m=120.37;0a=60.67;|D=33; Type=D;m=119.71;0a=65.01;
ID=34;Type=D;m=118.48;0a=71.46;1D=35;Type=D;m=121.59;0a=77.86;1D=36; Type=D;m=120.31,;0a=81.51;
ID=37;Type=D;m=120.52;0a=86.74;1D=38; Type=D;m=126.68;0a=19.89;1D=39; Type=D;m=128.99;0a=56.63;
1D=40;Type=D;m=129.98;0a=86.59;1D=41;Type=D;m=140.39;0a=19.84;1D=42; Type=D;m=138.48;0a=55.95;
1D=43;Type=D;m=140.23;0a=85.85;1D=44;Type=D;m=163.35;0a=14.39;1D=45; Type=D;m=158.72;0a=20.57;
1D=46;Type=D;m=158.13;0a=25.07;1D=47;Type=D;m=159.35;0a=30.48;1D=48; Type=D;m=157.85,0a=35.52;
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1D=49;Type=D;m=159.03;0a=40.22;1D=50; Type=D;m=160.04;0a=46.09;1D=51; Type=D;m=159.03;0a=51.43;
ID=52;Type=D;m=160.76;0a=56.13;1D=53; Type=D;m=160.54;0a=60.74;1D=54; Type=D;m=160.56,;0a=66.13;
ID=55;Type=D;m=161.10;0a=71.33;1D=56;Type=D;m=160.77;0a=76.62;1D=57; Type=D;m=159.68,0a=80.65;
ID=58; Type=D;m=160.97;0a=85.57;1D=59; Type=D;m=177.19;0a=15.68;1D=60; Type=D;m=180.96,0a=56.47;
ID=61;Type=D;m=182.90;0a=86.00;1D=62; Type=D;m=195.97;0a=15.85;1D=63; Type=D;m=200.40;0a=55.71;
ID=64;Type=D;m=200.30;0a=86.89;1D=65; Type=S;b=34.67;|D=66; Type=S;b=40.07;1D=67; Type=S;b=50.14;
ID=68;Type=S;b=60.23;1D=69; Type=S;b=69.69;1D=70; Type=S;b=80.08;ID=71; Type=S;b=89.95;
ID=72;Type=S;b=100.27;1D=73;Type=R;b=90.59;a=9.81;ID=74; Type=R;b=90.96;a=14.49;
ID=75;Type=R;b=91.35;a=19.33;ID=76;Type=R;b=91.05;a=29.19;ID=77;Type=R;b=91.23;a=49.01;
ID=78;Type=R;b=91.79;a=68.83;1D=79; Type=R;b=120.42;a=8.99;1D=80; Type=R;b=121.67;a=14.85;
ID=81;Type=R;b=122.15;a=19.38;ID=82; Type=R;b=121.61;a=29.57;1D=83; Type=R;b=122.40;a=48.84;
1D=84;Type=R;b=121.93;a=69.02;1D=85; Type=R;b=202.66;a=9.89;1D=86;Type=R;b=203.93;a=14.28;
ID=87;Type=R;b=203.45;a=19.02;1D=88; Type=R;b=200.19;a=29.96;1D=89; Type=R;b=203.26;a=49.13;
ID=90;Type=R;b=203.62;a=69.37;1D=91; Type=H;b=17.49;k=35.25;0a=142.05;1D=92; Type=H;b=17.61;k=36.17;0a=130.44;
ID=93;Type=H;b=18.06;k=36.51;0a=103.65;1D=94; Type=H;b=17.02;k=35.71;0a=86.08;
1D=95;Type=H;b=20.25;k=39.95;0a=147.81;1D=96; Type=H;b=20.35;k=39.75;0a=126.92;
ID=97;Type=H;b=19.96;k=39.31;0a=107.59;1D=98; Type=H;h=19.98;k=40.81;0a=91.84;

ID=99; Type=H;b=25.37;k=50.15;0a=143.40;1D=100; Type=H;h=24.91;k=49.24,;0a=126.33,;
ID=101;Type=H;b=26.22;k=48.60;0a=102.92;1D=102; Type=H;b=26.04;k=48.05;0a=89.54;
ID=103;Type=H;h=29.74;k=59.42;0a=143.88;1D=104; Type=H;b=30.53;k=60.21;0a=128.98,;
ID=105;Type=H;b=29.86;k=59.42;0a=105.49;1D=106; Type=H;b=29.94;k=59.80;0a=88.85;
ID=107;Type=H;b=35.15;k=68.93;0a=142.28;1D=108; Type=H;b=34.18;k=70.03;0a=128.34;
ID=109;Type=H;b=35.29;k=69.42;0a=106.33;1D=110; Type=H;b=35.62;k=69.47;0a=89.76;
ID=111;Type=H;b=40.78;k=80.51;0a=145.98;1D=112; Type=H;b=40.66;k=79.42;0a=129.65;
ID=113;Type=H;b=40.34;k=80.04;0a=105.87;1D=114; Type=H;b=41.03;k=80.19;0a=88.19;
ID=115;Type=H;bh=49.89;k=99.69;0a=141.66;1D=116; Type=H;b=50.59;k=99.35;0a=127.28,;
ID=117;Type=H;b=50.47;k=99.31;0a=106.32;1D=118; Type=H;b=50.97;k=98.67;0a=88.05;
ID=119;Type=D;m=66.38;0a=26.86;1D=120; Type=D;m=67.25;0a=29.74;1D=121;Type=D;m=67.66;0a=37.95;
ID=122;Type=D;m=67.59;0a=41.83;1D=123; Type=D;m=67.81;0a=44.22;1D=124;Type=D;m=67.61,0a=51.56;
1D=125;Type=D;m=68.85;0a=55.10;1D=126; Type=D;m=69.35;0a=63.60;1D=127; Type=D;m=70.11,0a=64.87;
1D=128;Type=D;m=68.44,0a=69.86;1D=129; Type=D;m=69.33;0a=74.24;1D=130; Type=D;m=68.80;0a=79.65;
ID=131;Type=D;m=70.12;0a=85.60;1D=132; Type=D;m=69.69,0a=89.67;

For each haddock the three cross-section contours on the images, of the Morphometer
were digitized and it was found that an ellipse provided a reasonable description of the
shapes. Fig. 7 shows the digitized contour for the cross-section at the head of one
haddock. Left: the contour obtained by edge detection in the scanned image of the
mechanical Morphometer. Right: The ellipse fitted to the digitized shape.
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Fig. 7.

The relationships between the fish length and the parameters of the ellipse (height and
width) for each cross-section were obtained by regression analysis according to the
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FISHSELECT methodology. For the 80 individuals we found the following overall fit
statistics (Table 2).

Table 2.

Cross-section Mean deviation sd mean deviation Maximum deviation sd Maximum deviation
No. (mm) (mm) (mm) (mm)

1 0.39 0.03 1.53 0.13

2 0.40 0.02 1.53 0.10

3 0.39 0.01 1.50 0.03

The data and the regression lines for the length to width and height are shown in Fig. 8
and Table 3.

FishParameters D@g‘

Weight versus length Girth versus length Girth versus weight

girth (mm)

0 100 200 300 400 500 0 100 200
length (mm) length (mmj} weight (g)

Height versus length Height versus width

Width versus length

400 500 0 20 4 60

0 100 200 300 400 500 0 100 200 0
width {(mm)

360
length (mm) length (mm)
Height versus width

Width versus length Height versus length

10
100
90
80
70
= 60
50
40
30
20
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mm)

height

0 100 200 301 400 500 0 100 200 300 400 500 0 20 40 60
length (mm) length (mm) width (mm)

Width versus length Height versus length Height versus width

height (mmj
height (mm)

width (mm)

0 100 200 301 400 500 0 100 200 30 400 500
length (mm} length (mm})

width (mm})

Table 3.
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D1:Coef=0.00000307;5d=0.00000018;P0=3.2000;R2=0.99;"Weight versus length"
D2:Coef=0.25660519;5d=0.01003369;P0=1.1100;R2=0.98;"Girth versus length"
D3:Coef=20.57947177;5d=0.57427209;P0=0.3500;R2=0.99;"Girth versus weight"
Section 1

Type=ELL

D4:Coef=0.07786109;5d=0.00321705;P0=1.0800;R2=0.98;"Width versus length"
D5:Coef=0.17277102;5d=0.00711065;P0=1.0000;R2=0.98;"Height versus length"
D6:Coef=1.94938520;5d=0.09554160;P0=0.9100;R2=0.97;"Height versus width"
Section 2

Type=ELL

D4:Coef=0.04289129;5d=0.00191786;P0=1.1700;R2=0.98;"Width versus length"
D5:Coef=0.11238330;5d=0.00541593;P0=1.0900;R2=0.98;"Height versus length"
D6:Coef=2.20524949;5d=0.11951399;P0=0.9200;R2=0.98;"Height versus width"
Section 3

Type=ELL

D4:Coef=0.02819856;5d=0.00145803;P0=1.2400;R2=0.98;"Width versus length"
D5:Coef=0.08871715;5d=0.00409883;P0=1.1400;R2=0.98;""Height versus length"
D6:Coef=2.44087015;5d=0.13811091;P0=0.9100;R2=0.98;"Height versus width"

Fig. 8 shows that the FISHSELECT regression models can describe the relationships
well, including the between-individual-variation. This is further confirmed the very high
R2 values (minimum 0.98) in Table 3.

The next step was to find a penetration model that with single cross-sections alone or
more than one in combination could describe the ability of cod to penetrate meshes of
different size and shape. This included defining to which extent the cross-sections can be
compressed. To identify the best model we simulate the experimental 10 560 fall-through
results obtained for the 80 haddock used in the experiment. Models assuming different
levels of symmetrical and asymmetrical compression for the cross-sections 1-3 alone
were first applied to simulate the experimental results. More than 60 000 different models
were tested requiring simulation of more than 630 000 000 fall-through results to be
compared with the experimental results. This required large amounts of computer power
to carry this work out in a few weeks. Therefore the work was split up in blocks that
could be run simultaneously in parallel on several computers, which were procured to the
project. The best results were obtained with a model assuming a stiff mesh and using
cross-section 1 (CS1 at the head) alone with 13% compression in the width and 0%
compression in the height. For this model 97.9% of the simulated fall-through trials were
in agreement with the experimental ones. Using this model extended with conditions
including CS2 and/or CS3 did not lead to a better degree of agreement (DA)-values. The
best results for these combinations were found when using large compression values for
both CS2 and particular CS3 (the cross-section having maximal girth). Thus it was
concluded that it would still be the less deformable and less compressible, but smaller,
cross-section CS1 that was decisive for penetration through a non-deformable mesh.
Since a DA=97.9% without taking any measurement uncertainty into account is
considered a very fine, the model based on CS1 alone is used for predicting the basic
selective properties of different mesh shapes, mesh sizes and grids for haddock. Fig. 9
illustrates the asymmetrical compression used for cross-section 1 on a typical haddock.
The outer curve represents ellipse fitted to the measured cross—section, while the inner
curve represents the ellipse used in the optimal penetration model in which the width can
be compressed 13%.
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Fig. 9

The regression results for CS1 (Table 3) show that the power (po) for both width and
height is very close to 1.0 making it easy to compare this model approximately with the
one used by in PRESEMO (Herrmann 2005a; O’Neill and Herrmann 2007) based on
Jones (1963) not taking compression in to account.

Our model taking the 13% compression of width into account and approximating the
power relation by a linear relation (power = 1.0) gives length to height and width relation
factor-values of hf=0.1728 and wf=0.0677 whereas Jones (1963) had values for an
elliptical shape at hf=0.172 and wf=0.103. The uncompressible height factors were thus
nearly identical whereas the compressible width factor is much smaller than the value
found by Jones and used by Herrmann (2005) and O’Neill and Herrmann (2005b) in
PRESEMO. It will especially be interesting to find out how our new and improved
estimates, of which morphological features of haddock are decisive for mesh penetration,
will affect the predictions made especially in O’Neill and Herrmann (2007). But we can
conclude that assuming an elliptical cross-section shape for haddock (see Table 2) and
taking only one cross-section into account for haddock as assumed in Herrmann (2005b)
seems to be a reasonable approximation.

We have also done simulations using our penetration model for haddock and the
regression relationships between length and width and height for cross-section 1 and the
between-individual-variations of those relationships to estimate the basic selection
parameters of diamond meshes of different mesh size and openness for haddock. With the
morphological relationships we created a virtual population of haddock of 2000
individuals uniformly distributed in length between 30 mm to 800 mm to insure that there
were individuals in the selective range for all diamond meshes of various mesh sizes in
range 70 to 200 mm with opening angles from 10 to 90 degree. Fig. 10 shows an isoline-
plot for the 50% retention length, L50, for this variable range.
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L50 (cm) versus meshsize and opening angle
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Fig. 10.

The simulated basic L50 values along the dashed thick vertical line in Fig. 10
corresponds to those of a mesh size of 100 mm for different mesh openness angles, oa.
Experimental results by Lowry and Robertson (1996) and O’Neill and Kynoch (1996)
showed values for individual hauls of L50 in the range from 22.3 to 30.3 cm. In Fig. 10
this range is marked by horizontal dashed lines. Thus the range in L50 corresponds to a
range in mean opening angle from approximately 30 to 47 degrees. This is not unrealistic
for mesh openness just ahead of the catch accumulation line based on data from
Herrmann et al. 2007. This area in a cod-end is where most escape attempts is observed
to take place (Wileman et al. 1996). Further the dependency of basic L50 on mesh
openness can explain the huge between-hauls-variation in selectivity often observed
experimentally for diamond mesh cod-ends and the relatively large selection range SR
compared to what could be expected from the between-individuals-variation in the
morphological parameters. Thus Fig. 10 illustrates the importance of controlling the mesh
openness for diamond mesh cod-ends in order to get a well defined selectivity.
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Similar plots as in Fig. 10 can be created for other mesh types like squares, rectangles and
hexagonal shaped using the penetration model and the virtual population for example to
investigate if other mesh type could have more beneficial selective properties with regard
to haddock. But it has not been possible within the timeframe of this project to conduct
such an analysis.
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A note on the FISHSELECT results for turbot

Turbot where caught in May 2007 by gillnets and by trawl using a research vessels
(“Havfisken™). 31 living individuals were brought to tanks in the laboratory and used in
the FISHSELECT experiments. Fig. 1 shows the size structure for these individuals.

Population Structure

Size Structure inumber fish versus length)

number fish
w

220
length {mmj

Fig. 1.

The cross section of the sole was measured three places alone the length: on the head
representing the maximal stiff height (CS1), on the body representing the maximal width
(CS3) and just behind the gill between CS1 and CS3. The measurements were carried out
on a table using a single mechanical Morphometer due to the large width of turbots (Fig.
2).

Fig. 2.

Due to the width of large turbots special wide mechanical Morphometer was used for
some individuals. It was assembled using two single morphometers. Fig. 3 shows the
work in the laboratory with this including the scanning of the cross sections.
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Fig. 3.

Fig. 4 shows the work in the laboratory with fall through experiments of the fish through
the meshes in the mesh plates. The right hand picture illustrate that the turbot cross
sections are very stiff compared to other species of flat fish maybe leading to a simple
penetration model without much deformation to account for.
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Fig. 4.

21 different mesh plates were used in the fall through experiments with a total of 132
different mesh holes (shapes: diamond (type=D), square (type=S), rectangle (type=R) and
hexagonal (type=H)). With 31 sole in the experiment this makes 4092 fall through
results. Table 1 summarizes the data for the individual 132 meshes used in the
experiment using the developed syntax in the FISHSELECT software tool. The data
listed is not nominal measures but is actual measures obtained by scanning each mesh
hole, digitizing the contour using build in image analysis functionality in the
FISHSELECT software tool as well as obtaining a parametric description using build in
functionality for this.

Table 1.

ID=1;Type=D;m=77.69;0a=30.54;1D=2;Type=D;m=78.01,0a=55.58;1D=3; Type=D;m=80.27;0a=87.01,
ID=4;Type=D;m=88.20;0a=25.8;1D=5; Type=D;m=88.47;0a=30.92;1D=6; Type=D;m=88.80;0a=37.32;
ID=7;Type=D;m=88.35;0a=39.69;1D=8; Type=D;m=88.71;0a=45.85;1D=9; Type=D;m=89.75;0a=50.1;
ID=10;Type=D;m=89.26;0a=57.29;ID=11;Type=D;m=90.05;0a=60.08;1D=12; Type=D;m=89.76;0a=61.79;
ID=13;Type=D;m=90.59;0a=69.79;1D=14; Type=D;m=89.26;0a=76.33;ID=15; Type=D;m=90.38;0a=81.45;
ID=16;Type=D;m=89.70;0a=85.36;1D=17; Type=D;m=91.16;0a=89.99;1D=18; Type=D;m=100.78;0a=19.87;
ID=19;Type=D;m=98.31,0a=56.16;1D=20;Type=D;m=99.84;0a=86.21,1D=21;Type=D;m=109.42;0a=20.31;
ID=22;Type=D;m=109.56;0a=55.22;1D=23; Type=D;m=109.18;0a=86.48;1D=24; Type=D;m=118.27;0a=19.67;
ID=25;Type=D;m=114.16;0a=26.49;1D=26;Type=D;m=118.83;0a=31.73;ID=27; Type=D;m=117.90;0a=35.61;
ID=28;Type=D;m=118.35;0a=41.37;1D=29; Type=D;m=118.23;0a=46.22;1D=30; Type=D;m=119.86;0a=50.09;
ID=31;Type=D;m=118.94;0a=57.41;1D=32; Type=D;m=120.37;0a=60.67;1D=33; Type=D;m=119.71,0a=65.01;
ID=34;Type=D;m=118.48;0a=71.46;1D=35;Type=D;m=121.59;0a=77.86;1D=36; Type=D;m=120.31;0a=81.51;
ID=37;Type=D;m=120.52;0a=86.74;1D=38; Type=D;m=126.68;0a=19.89;1D=39; Type=D;m=128.99;0a=56.63;
ID=40;Type=D;m=129.98;0a=86.59;1D=41;Type=D;m=140.39;0a=19.84;1D=42; Type=D;m=138.48;0a=55.95;
ID=43;Type=D;m=140.23;0a=85.85;1D=44;Type=D;m=163.35;0a=14.39;1D=45; Type=D;m=158.72;0a=20.57;
1D=46;Type=D;m=158.13;0a=25.07;1D=47;Type=D;m=159.35;0a=30.48;1D=48; Type=D;m=157.85,0a=35.52;
1D=49;Type=D;m=159.03;0a=40.22;1D=50; Type=D;m=160.04;0a=46.09;1D=51; Type=D;m=159.03;0a=51.43;
ID=52;Type=D;m=160.76;0a=56.13;1D=53; Type=D;m=160.54;0a=60.74;1D=54; Type=D;m=160.56;0a=66.13;
ID=55;Type=D;m=161.10;0a=71.33;1D=56;Type=D;m=160.77,0a=76.62;1D=57; Type=D;m=159.68,0a=80.65;
ID=58; Type=D;m=160.97;0a=85.57;1D=59; Type=D;m=177.19;0a=15.68;1D=60; Type=D;m=180.96,0a=56.47;
ID=61;Type=D;m=182.90;0a=86.00;ID=62; Type=D;m=195.97;0a=15.85;1D=63; Type=D;m=200.40;0a=55.71;
ID=64;Type=D;m=200.30;0a=86.89;1D=65;Type=S;h=34.67;1D=66; Type=S;b=40.07;ID=67; Type=S;b=50.14;
1D=68;Type=S;b=60.23;1D=69; Type=S;b=69.69;1D=70; Type=S;b=80.08;ID=71; Type=S;b=89.95;
ID=72;Type=S;b=100.27;1D=73; Type=R;b=90.59;a=9.81;1D=74; Type=R;b=90.96;a=14.49;
ID=75;Type=R;b=91.35;a=19.33;ID=76;Type=R;b=91.05;a=29.19;ID=77; Type=R;b=91.23;a=49.01;
ID=78;Type=R;b=91.79;a=68.83;1D=79; Type=R;b=120.42;a=8.99;1D=80; Type=R;b=121.67;a=14.85;
ID=81;Type=R;b=122.15;a=19.38;1D=82; Type=R;b=121.61;a=29.57;1D=83; Type=R;b=122.40;a=48.84;
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ID=84;Type=R;b=121.93;a=69.02;1D=85;Type=R;b=202.66;a=9.89;1D=86; Type=R;b=203.93;a=14.28;
ID=87;Type=R;b=203.45;a=19.02;1D=88; Type=R;b=200.19;a=29.96;1D=89; Type=R;b=203.26;a=49.13;
ID=90;Type=R;b=203.62;a=69.37;1D=91; Type=H;b=17.49;k=35.25;0a=142.05;1D=92; Type=H;b=17.61;k=36.17;0a=130.44;
ID=93; Type=H;b=18.06;k=36.51;0a=103.65;1D=94; Type=H;b=17.02;k=35.71;0a=86.08;

ID=95; Type=H;b=20.25;k=39.95;0a=147.81;1D=96; Type=H;b=20.35;k=39.75;0a=126.92;
ID=97;Type=H;b=19.96;k=39.31;0a=107.59;1D=98; Type=H;b=19.98;k=40.81;0a=91.84;

ID=99; Type=H;b=25.37;k=50.15;0a=143.40;1D=100; Type=H;b=24.91;k=49.24,0a=126.33;
ID=101;Type=H;b=26.22;k=48.60;0a=102.92;1D=102; Type=H;b=26.04;k=48.05;0a=89.54;

ID=103; Type=H;b=29.74;k=59.42;0a=143.88;1D=104; Type=H;b=30.53;k=60.21;0a=128.98;

ID=105; Type=H;b=29.86;k=59.42;0a=105.49;1D=106; Type=H;b=29.94,;k=59.80;0a=88.85;
ID=107;Type=H;b=35.15;k=68.93;0a=142.28;1D=108; Type=H;b=34.18;k=70.03;0a=128.34;

ID=109; Type=H;b=35.29;k=69.42;0a=106.33;1D=110; Type=H;b=35.62;k=69.47;0a=89.76;
ID=111;Type=H;b=40.78;k=80.51;0a=145.98;ID=112; Type=H;b=40.66;k=79.42;0a=129.65;
ID=113;Type=H;b=40.34;k=80.04;0a=105.87;1D=114; Type=H;b=41.03;k=80.19;0a=88.19;
ID=115;Type=H;b=49.89;k=99.69;0a=141.66;1D=116; Type=H;b=50.59;k=99.35;0a=127.28,;
ID=117;Type=H;b=50.47;k=99.31;0a=106.32;ID=118; Type=H;b=50.97;k=98.67,0a=88.05;
ID=119;Type=D;m=66.38;0a=26.86;1D=120; Type=D;m=67.25;0a=29.74;1D=121;Type=D;m=67.66;0a=37.95;
ID=122;Type=D;m=67.59;0a=41.83;1D=123; Type=D;m=67.81;0a=44.22;1D=124,;Type=D;m=67.61,0a=51.56;
ID=125;Type=D;m=68.85;0a=55.10;1D=126;Type=D;m=69.35;0a=63.60;1D=127; Type=D;m=70.11,0a=64.87;
ID=128;Type=D;m=68.44,0a=69.86;1D=129; Type=D;m=69.33;0a=74.24;1D=130; Type=D;m=68.80;0a=79.65;
ID=131;Type=D;m=70.12;0a=85.60;1D=132; Type=D;m=69.69;0a=89.67;

For each sole the three cross sections were digitized and it was found that an
asymmetrical trapezoid provided the best description of the shapes. Fig. 5 shows the
detection of contour in the scanned image of the mechanical MorphoMeter of the body of
one turbot. While Fig. 6 show the fits of an asymmetrical trapezoid to the digitized
contours of the three cross sections.

Fig. 6.

This procedure was carried out for each individual and regression describing the
relationships between the length and the parameters the asymmetrical trapezoid (bottom
width, top width, height and top translation) for each cross section were obtained
according to the FISHSELECT methodology. For the 31 individuals fitting an
asymmetrical trapezoid to the cross section we found the following overall fit statistics
(Table 2).
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Table 2

Cross section Mean deviation sd mean deviation Maximum deviation sd Maximum deviation
No. (mm) (mm) (mm) (mm)

1 0.68 0.08 2.80 0.27

2 0.94 0.06 4.54 0.33

3 0.92 0.07 4.05 0.27

Making the regressions for the length to parameter values leads to the results shown in
Fig. 7-9 and Table 3.
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Table 3.

D1:Coef=0.00000971;5d=0.00000087;P0=3.1200;R2=0.96;"Weight versus length"
D2:Coef=0.34010986;5d=0.01455621;P0=1.2700;R2=0.96;"Girth versus length"
D3:Coef=39.02153109;sd=1.74532492;P0=0.4000;R2=0.97;"Girth versus weight"
Section 1

Type=ATR

D4:Coef=0.26295767;5d=0.01818224;P0=1.1100;R2=0.85;"Width1 versus length"
D5:Coef=0.09484399;5d=0.01099674;P0=1.1200;R2=0.69;"Width2 versus length"
D6:Coef=1.19084706;5d=0.17480314;P0=0.7700;R2=0.55;"Width2 versus width1"
D7:Coef=0.04323858;5d=0.00285988;P0=1.1000;R2=0.88;""Height versus length"
D8:Coef=0.40568664;5d=0.04984409;P0=0.8200;R2=0.57;"e versus length"
Section 2

Type=ATR

D4:Coef=0.22421273;5d=0.01274989;P0=1.1800;R2=0.91;"Width1 versus length"
D5:Coef=0.21741873;5d=0.04599627;P0=0.9900;R2=0.33;"Width2 versus length"
D6:Coef=0.36675934;5d=0.07290400;P0=0.9800;R2=0.44;"Width2 versus width1"
D7:Coef=0.02813538;5d=0.00191477;P0=1.1800;R2=0.91;"Height versus length"
D8:Coef=0.04546273;5d=0.00828235;P0=1.2500;R2=0.49;"e versus length"
Section 3

Type=ATR

D4:Coef=0.19444402;5d=0.00802288;P0=1.2200;R2=0.96;"Width1 versus length"
D5:Coef=0.41525501;5d=0.04731338;P0=0.9300;R2=0.63;"Width2 versus length"
D6:Coef=1.38920992;5d=0.15382754;P0=0.7700;R2=0.65;"Width2 versus width1"
D7:Coef=0.03841474;5d=0.00334379;P0=1.1100;R2=0.88;"Height versus length"
D8:Coef=0.00528345;5d=0.00081122;P0=1.6400;R2=0.76;"e versus length"

Fig. 7-9 shows that the FISHSELECT regression models can describe the relationships
reasonable including the between individuals variation. The R2-values are in general on
an acceptable level for all parameters and very good for widths at the bottom of the cross
sections and for the heights (see Table 3).

Several penetration model building on CS1, CS2 and CS3 alone and in combinations
assuming different levels of symmetrical or asymmetrical compression as well as cutting
of height being below a certain percentage of the maximal height was tested against the
experimental fall through results. More than 200 000 models were tested. Based on
comparing the degree of agreement for these models it became clear that for turbot it was
sufficient only to take CS3 into account. Further it was found that no compression in the
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height did lead to the best results which complied well with the observations make during
the fall through experiments. Therefore, to fine tune the model a series of penetration
models for only CS3 assuming zero compression in width and height and only differing
by assuming different percentage of width cut. In Fig. 10 we plot the number of
disagreements width the experimental fall through experiments for the different CS3
models only taking cut into account. In the Fig. 10 it is seen that the lowest number of
disagreements 44 is found assuming 21% cut while a model based on zero cut would lead
to 105 disagreements. Thus a model based on only the morphological parameters without
cross section deformation as would be the case without using the FISHSELECT
methodology to identify the most appropriate model would have 2.4 times (105/44) as
many disagreements. This illustrates the power of using the FISHSELECT methodology.
Thus we base predictions on the best on these models. The 44 disagreements correspond
to a level of agreement at 98.9% based a total of 4092 experimental fall through results.
We consider this level of agreement to be very fine.

no of disagreements versus % height cut in width of CS3
110
[ 2 28 28 2% 2% 4 *
@ 100 - .
5] % *e
5 % ..
o . .
()] -
g 80 . .
S *
S 70 L 2R 4 *
H *
2 60 . .
I PS *
> *
S 50 - . o .
* * ® *
40 T T T T T T T 1
0 5 10 15 20 25 30 35 40
% height cut in width of CS3
Fig. 10

Fig. 11 illustrates the use of different levels of cut on a typical turbot cross section 3. Top
without cut, in centre the model selected for prediction and at bottom cut increased by
10% relative to the model selected.

Cut 0%

Cut 21%
C Cut 31% ™~

Fig. 11

Based on the regression models for the relationship for the parametric description of the
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cross section sizes and shapes versus length including the between individuals variation a
virtual population of 2000 turbots was created with lengths being uniformly distributed
between 30 mm and 600 mm. Together with the selected penetration model this virtual
population was applied to predict the basic selective properties for stiff diamond shaped
meshes through simulations using the FISHSELECT software tool. Mesh sizes were in
the range 70 mm to 200 mm in steps of 10 mm thus making a total of 14 different mesh
sizes. For each mesh size mesh openness angles from 10 degrees to 90 degrees in steps of
5 degrees were simulated. This makes 17 different opening angles (OA) for each mesh
size. This makes a total of 238 different diamond meshes. For each of these meshes it was
then simulated weather or not each of the 2000 virtual turbots could pass through the
mesh. In total this makes 476 000 simulated penetration attempt results. This takes 2-4
days to run on a desktop computer depending on its processor. By processing these
results using the design guide functionality in the FISHSELECT software tool the 2000
results for each mesh is automatically applied to create a retention data file similar to the
file format obtained for cod-end selecting by experimental fishing using the covered cod-
end method. This involves sorting the penetration results into length classes 10 mm width
each containing the results for the number of the fish in the virtual population width
length £ 5 mm of the middle point in the length class. Table 4 shows a part one (up to
length 25.5 cm) of one of these retention data files. In the Table noRet. represents the
number of fish in the length class that was simulated to be able to pass through the mesh.
While noTotal is the total number of fish of the 2000 with length within that specific
length class.

Table 4.
Length noRet. noTotal
35 38
45 31
55 40
6.5 51
75 48
85 31
95 19
10.5 36
115 36
12.5 31
135 35
145 37
155 43
16.5 34
175 24
18.5 35
19.5 34
20.5 26
215 35
225 42
235 27
245 38
255 50

U0 O O O O O O O O O O O o o o o
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The tool then automatically fit a logistic function to the retention data for each mesh
applying a maximum likelihood estimator build into the software tool. The result of this
process is a file containing estimates of the basic 50% retention length L50 and the
selection range SR for each mesh according to the FISHSELECT methodology. Table 5
contains the first part of this file.

Table 5.

M oa L50 SR

70 10 6.67 0.46
70 15 8.38 0.71
70 20 9.49 0.07
70 25 10.09 0.81
70 30 10.76 0.89
70 35 11.2 0.74
70 40 11.53 0.62
70 45 11.72 0.66
70 50 11.74 0.57
70 55 11.74 0.57
70 60 11.69 0.6

70 65 11.41 0.51
70 70 11.18 0.66
70 75 10.87 0.56
70 80 10.67 0.6

70 85 10.23 0.63
70 90 9.95 0.56
80 10 7.47 0.66
80 15 9.44 0.17
80 20 10.52 0.87
80 25 11.45 0.82
80 30 12.15 0.64
80 35 12.79 0.67
80 40 13.02 0.57
80 45 13.12 0.57

The data in the of which Table 5 is a part of represents the design guide for diamond
shaped stiff meshes with respect to Turbot. m is the mesh size in mm and oa the full mesh
opening angle in degrees. L50 and SR are in units cm. The design guide data can be
presented by a so called iso plot for L50 which consists of curves with equal L50
estimates for combinations of mesh size and opening angle. Fig. 12 shows this.
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L50 (cm) versus meshsize and opening angle

60

opening angle (degree)

40

<> meshsize (mm) <>

Fig. 12.

Inspecting Fig. 12 is evident that the legal 90 mm mesh size for Kattegat-Skagerak is not
in balance with the minimum landing size MLS at 30 cm for Turbot in the trawl fishery
as this would require a mesh size of more than 200 mm. From Fig. 12 thus it is seen that
we predict that the legal mesh size would at best lead to retention of approximately 50%
of the individuals being sized 47% of MLS. From Fig. 12 it is also seen that the retention
properties depend on the opening angle thus the maximum is between 40 to 55 degrees
openness.
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A note on the FISHSELECT results for Lemon Sole

Lemon Soles where caught by gillnets and by trawl fishing from a research vessels
(“Havfisken) and from a commercial vessel in May 2007. 69 living individuals were

brought to tanks in the laboratory and used in the FISHSELECT experiments. Fig. 1
shows the size structure for these individuals.

Population Structure |Z“E“‘Z|

Size Structure (number fish versus length)
20

=]

number fish
= =

170 180

250 260 270 280 250 300 3o 320 330 340
length (mmj

Fig. 1.

The cross section of the lemon sole was measured three places alone the length: on the
head representing the maximal stiff height (CS1), on the body representing the maximal
width (CS3) and just behind the gill between CS1 and CS3. The measurements were

carried out on a table using a single mechanical Morphometer. Fig. 2 shows the position
of the cross sections.

| L = | =y

T ’ [
T3> . Aep, JTJ
1 G [
‘i

CS1 CS2 @ CS3

Fig. 2.
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Fig. 3 shows the work in the laboratory with acquiring the cross sections including
scanning of the Morphometer using the flatbed scanner and saving the data in a laptop
computer.

Fig. 3.

Fig. 4 shows the work in the laboratory with fall through experiments of the fish through
the meshes in the mesh plates. The right hand picture illustrate that the lemon sole cross
sections are flexible which maybe necessary to take into account when defining a suitable
penetration model.
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Fig. 4.

21 different mesh plates were used in the fall through experiments with a total of 132
different mesh holes (shapes: diamond (type=D), square (type=S), rectangle (type=R)
and hexagonal (type=H)). With 31 sole in the experiment this makes 4092 fall through
results. Table 1 summarizes the data for the individual 132 meshes used in the
experiment using the developed syntax in the FISHSELECT software tool. The data
listed is not nominal measures but is actual measures obtained by scanning each mesh
hole, digitizing the contour using build in image analysis functionality in the
FISHSELECT software tool as well as obtaining a parametric description using build in
functionality for this.
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Table 1.

ID=1;Type=D;m=77.69;0a=30.54;ID=2;Type=D;m=78.01;0a=55.58;1D=3; Type=D;m=80.27;0a=87.01;
ID=4;Type=D;m=88.20;0a=25.8;1D=5; Type=D;m=88.47;0a=30.92;1D=6,; Type=D;m=88.80;0a=37.32;
ID=7;Type=D;m=88.35;0a=39.69;1D=8; Type=D;m=88.71;0a=45.85;1D=9; Type=D;m=89.75;0a=50.1;
ID=10;Type=D;m=89.26;0a=57.29;ID=11;Type=D;m=90.05;0a=60.08;1D=12;Type=D;m=89.76;0a=61.79;
ID=13;Type=D;m=90.59;0a=69.79;1D=14; Type=D;m=89.26;0a=76.33;1D=15; Type=D;m=90.38;0a=81.45;
ID=16;Type=D;m=89.70;0a=85.36;1D=17; Type=D;m=91.16;0a=89.99;1D=18; Type=D;m=100.78;0a=19.87;
ID=19;Type=D;m=98.31,0a=56.16;1D=20;Type=D;m=99.84;0a=86.21,1D=21;Type=D;m=109.42;0a=20.31;
ID=22;Type=D;m=109.56;0a=55.22;1D=23; Type=D;m=109.18;0a=86.48;1D=24; Type=D;m=118.27;0a=19.67;
ID=25;Type=D;m=114.16;0a=26.49;1D=26;Type=D;m=118.83;0a=31.73;ID=27; Type=D;m=117.90;0a=35.61;
1D=28;Type=D;m=118.35;0a=41.37;1D=29; Type=D;m=118.23;0a=46.22;1D=30; Type=D;m=119.86;0a=50.09;
ID=31;Type=D;m=118.94;0a=57.41;1D=32; Type=D;m=120.37;0a=60.67;|D=33; Type=D;m=119.71;0a=65.01;
ID=34;Type=D;m=118.48;0a=71.46;1D=35;Type=D;m=121.59;0a=77.86;1D=36; Type=D;m=120.31;0a=81.51;
ID=37;Type=D;m=120.52;0a=86.74;1D=38; Type=D;m=126.68;0a=19.89;1D=39; Type=D;m=128.99;0a=56.63;
ID=40;Type=D;m=129.98;0a=86.59;1D=41;Type=D;m=140.39;0a=19.84;1D=42; Type=D;m=138.48,0a=55.95;
1D=43;Type=D;m=140.23;0a=85.85;1D=44;Type=D;m=163.35;0a=14.39;1D=45; Type=D;m=158.72;0a=20.57;
1D=46;Type=D;m=158.13;0a=25.07;1D=47;Type=D;m=159.35;0a=30.48;1D=48; Type=D;m=157.85,0a=35.52;
1D=49;Type=D;m=159.03;0a=40.22;1D=50; Type=D;m=160.04;0a=46.09;1D=51; Type=D;m=159.03;0a=51.43;
ID=52;Type=D;m=160.76;0a=56.13;1D=53; Type=D;m=160.54;0a=60.74;1D=54; Type=D;m=160.56,0a=66.13;
ID=55;Type=D;m=161.10;0a=71.33;1D=56;Type=D;m=160.77,0a=76.62;1D=57; Type=D;m=159.68;0a=80.65;
ID=58; Type=D;m=160.97;0a=85.57;1D=59; Type=D;m=177.19;0a=15.68;1D=60; Type=D;m=180.96,0a=56.47;
ID=61;Type=D;m=182.90;0a=86.00;1D=62; Type=D;m=195.97;0a=15.85;1D=63; Type=D;m=200.40;0a=55.71;
ID=64;Type=D;m=200.30;0a=86.89;1D=65;Type=S;h=34.67;1D=66; Type=S;b=40.07;ID=67; Type=S;b=50.14;
ID=68;Type=S;b=60.23;1D=69; Type=S;b=69.69;1D=70; Type=S;b=80.08;ID=71; Type=S;b=89.95;
ID=72;Type=S;b=100.27;1D=73; Type=R;b=90.59;a=9.81;1D=74; Type=R;b=90.96;a=14.49;
ID=75;Type=R;b=91.35;a=19.33;ID=76;Type=R;b=91.05;a=29.19;ID=77; Type=R;b=91.23;a=49.01;
ID=78;Type=R;b=91.79;a=68.83;ID=79; Type=R;b=120.42;a=8.99;|D=80; Type=R;b=121.67;a=14.85;
ID=81;Type=R;b=122.15;a=19.38;ID=82; Type=R;b=121.61;a=29.57;1D=83; Type=R;b=122.40;a=48.84;
ID=84;Type=R;b=121.93;a=69.02;1D=85; Type=R;b=202.66;a=9.89;1D=86; Type=R;b=203.93;a=14.28;
ID=87;Type=R;b=203.45;a=19.02;1D=88; Type=R;b=200.19;a=29.96;1D=89; Type=R;b=203.26;a=49.13;
ID=90; Type=R;b=203.62;a=69.37;1D=91; Type=H;b=17.49;k=35.25;0a=142.05;1D=92; Type=H;b=17.61;k=36.17;0a=130.44;
ID=93;Type=H;b=18.06;k=36.51;0a=103.65;1D=94; Type=H;b=17.02;k=35.71;0a=86.08;
ID=95;Type=H;b=20.25;k=39.95;0a=147.81;1D=96; Type=H;b=20.35;k=39.75;0a=126.92;
ID=97;Type=H;b=19.96;k=39.31;0a=107.59;1D=98; Type=H;b=19.98;k=40.81;0a=91.84;

ID=99; Type=H;b=25.37;k=50.15;0a=143.40;1D=100; Type=H;h=24.91;k=49.24;0a=126.33,;
ID=101;Type=H;b=26.22;k=48.60;0a=102.92;1D=102; Type=H;b=26.04;k=48.05;0a=89.54;
ID=103;Type=H;b=29.74;k=59.42;0a=143.88;1D=104; Type=H;b=30.53;k=60.21;0a=128.98;
ID=105;Type=H;b=29.86;k=59.42;0a=105.49;1D=106; Type=H;b=29.94;k=59.80;0a=88.85;
ID=107;Type=H;b=35.15;k=68.93;0a=142.28;1D=108; Type=H;b=34.18;k=70.03;0a=128.34;

ID=109; Type=H;b=35.29;k=69.42;0a=106.33;1D=110; Type=H;b=35.62;k=69.47;0a=89.76;
ID=111;Type=H;b=40.78;k=80.51;0a=145.98;1D=112; Type=H;b=40.66;k=79.42;0a=129.65;
ID=113;Type=H;b=40.34;k=80.04;0a=105.87;1D=114; Type=H;b=41.03;k=80.19;0a=88.19;
ID=115;Type=H;b=49.89;k=99.69;0a=141.66;1D=116; Type=H;b=50.59;k=99.35;0a=127.28;
ID=117;Type=H;b=50.47;k=99.31;0a=106.32;1D=118; Type=H;b=50.97;k=98.67;0a=88.05;

ID=119; Type=D;m=66.38;0a=26.86;1D=120; Type=D;m=67.25;0a=29.74;1D=121; Type=D;m=67.66;0a=37.95;
ID=122;Type=D;m=67.59;0a=41.83;1D=123; Type=D;m=67.81;0a=44.22;1D=124;Type=D;m=67.61;0a=51.56;
ID=125;Type=D;m=68.85;0a=55.10;1D=126; Type=D;m=69.35;0a=63.60;1D=127; Type=D;m=70.11,0a=64.87;
ID=128;Type=D;m=68.44,0a=69.86;1D=129; Type=D;m=69.33;0a=74.24;1D=130; Type=D;m=68.80;0a=79.65;
ID=131;Type=D;m=70.12;0a=85.60;1D=132; Type=D;m=69.69;0a=89.67;

For each lemon sole the three cross sections were digitized and it was investigated how
well the basic shapes ELL (ellipse), HEL (half ellipse), TRI (triangle), TRA (symmetrical
trapezoid) and ATR (asymmetrical trapezoid). Table 2 (CS1), 3 (CS2) and 4 (CS3) list
the main fit statistic from this based on all 69 lemon soles in this study. It was found that
an asymmetrical trapezoid provided the best description of the shapes giving the smallest
max mean deviation between digitized shapes and the parametric fitted basic shapes. Fig.
5 shows the detection of contour in the scanned image of the mechanical Morphometer of
the body of one lemon sole. While Fig. 6 Show the fits of an asymmetrical trapezoid to
the digitized contours of the three cross sections for one individual.
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Fig. 6.

Traditionally ellipses are used for cross section descriptions for use in models predicting
mesh penetration. Fig. 7 compared with Fig. 6 together with the mean fit statistics in
Tables 2-4 highlights that this is a much poorer description than using the asymmetrical
trapezoid to describe cross section shapes on lemon sole.
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Table 2: CS1
SHAPE MODEL mean dif. (mm) sd mean dif (mm) max dif (mm) sd max dif. (mm)
ELL 1.38 0.09 4.25 0.39
HEL 0.6 0.03 2.68 0.16
TRI 0.63 0.07 2.61 0.27
TRA 0.4 0.04 1.96 0.21
ATR 0.4 0.06 1.76 0.19
Table 3: CS2
SHAPE MODEL mean dif. (mm) sd mean dif (mm) max dif (mm) sd max dif. (mm)
ELL 2.82 0.2 8.42 0.53
HEL 1.45 0.09 5.8 0.46
TRI 0.95 0.04 3.92 0.08
TRA 0.68 0.02 3.67 0.04
ATR 0.79 0.02 3.19 0.08
Table 4: CS3
SHAPE MODEL mean dif. (mm) sd mean dif (mm) max dif (mm) sd max dif. (mm)
ELL 3 0.27 8.93 0.72
HEL 1.62 0.16 6.51 0.65
TRI 1.07 0.12 4.78 0.51
TRA 0.79 0.09 4.45 0.48
ATR 0.96 0.11 3.84 0.43

This procedure was carried out for each individual and regression describing the
relationships between the length and the parameters the asymmetrical trapezoid (bottom
width, top width, height and top asymmetry) for each cross section were obtained
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according to the FISHSELECT methodology. This gives the results shown in Fig. 8-10

and Table 5.
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Width1 versus length Width2 versus length
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Table 5.

D1:Coef=0.00000346;5d=0.00000023;P0=3.2000;R2=0.96;"Weight versus length"
D2:Coef=0.49047194;5d=0.02357244;P0=1.1400;R2=0.91;"Girth versus length"
D3:Coef=47.41672523;5d=2.06283801;P0=0.3400;R2=0.92;"Girth versus weight"
Section 1

Type=ATR

D4:Coef=0.27325530;5d=0.02508555;P0=0.9700;R2=0.64;"Width1 versus length"
D5:Coef=0.12686085;5d=0.02012733;P0=0.9100;R2=0.37;"Width2 versus length"
D6:Coef=0.73229375;5d=0.10861488;P0=0.8100;R2=0.44;"Width2 versus width1"
D7:Coef=0.06838360;5d=0.00429731;P0=0.9700;R2=0.81;"Height versus length"
D8:Coef=0.03554790;5d=0.00688111;P0o=1.1400;R2=0.34;"e versus length"
Section 2

Type=ATR

D4:Coef=0.18725930;5d=0.00967605;P0o=1.1500;R2=0.90;"Width1 versus length"
D5:Coef=0.42251624;5d=0.05756452;P0=0.7800;R2=0.36;"Width2 versus length"
D6:Coef=1.43779781;5d=0.19067206;P0=0.6600;R2=0.39;"Width2 versus width1"
D7:Coef=0.01299451;5d=0.00110928;P0=1.2700;R2=0.76;"Height versus length"
D8:Coef=0.00939051;5d=0.00120658;P0=1.4900;R2=0.67;"e versus length"
Section 3

Type=ATR

D4:Coef=0.24409267;5d=0.01167987;P0=1.1100;R2=0.90;"Width1 versus length"
D5:Coef=0.63539813;5d=0.09215714;P0=0.7100;R2=0.30;"Width2 versus length"
D6:Coef=1.41941765;5d=0.19713565;P0=0.6600;R2=0.36;"Width2 versus width1"
D7:Coef=0.01191480;5d=0.00100657;P0=1.2800;R2=0.77;""Height versus length"
D8:Coef=0.03056311;5d=0.00405550;P0=1.2900;R2=0.60;"e versus length"

Fig. 8-10 shows that the FISHSELECT regression models can describe the relationships

reasonable including the between individuals variation. The R2-values are in general not
very high but a reason for that could well be the relative small range for length compared
to the between individual variation in the relationships (see Table 5).

Several penetration models build on CS1, CS2 and CS3 alone and in combinations
assuming different levels of symmetrical or asymmetrical compression as well as cutting
of height being below a certain percentage of the maximal height was tested against the
experimental fall through results. More than 200000 models were tested. Based on
comparing the degree of agreement for these models it if was found that the best
agreement was found for the following model (Table 6):
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Table 6.

Fish Cross Section 1

Section used=Yes
Escapement Model=Stiff
Scale Down=0.0

width cut of, hc=0.0
Scale width=0.52

Scale Height=1.0

Fish Cross Section 2

Section used=No
Escapement Model=Stiff
Scale Down=0.0

width cut of, hc=0.0
Scale width=1.0

Scale Height=1.0

Fish Cross Section 3

Section used=Yes
Escapement Model=Stiff
Scale Down=0.0

width cut of, hc=32.0
Scale width=1.0

Scale Height=0.7

For this model which is combining CS3 with CS1 the number of disagreements are 338
of the 9108 experimental fall through results. This corresponds to a DA at 96.3%. This
model uses the head (CS1) height stating that it should not be compressible while the
head width is scaled largely down (down to 52%). Further it uses the widest cross section
(CS3) stating that it should be cut in width for height below 32% and that the height
should be scaled down to 70%. Fig. 11 illustrates this model.

CS1 CS3

For the three cross sections alone the smallest number of disagreements for the models
tested was: 2510~DA= 72.4% for CS1; 493~DA= 94.6% for CS2; 478~DA=94.8%. Thus
compared to the combined model the best based on CS3 alone would result in 41.4%
more disagreements for the fall through experiments carried out. As DA at 96.3% was
considered to be acceptable we could continue to make predictions based on this model.
Based on the regression models for the relationship for the parametric description of the
cross section sizes and shapes versus length including the between individuals variation a
virtual population of 2000 lemon soles was created with lengths being uniformly
distributed between 30 mm and 600 mm. Together with the selected penetration model
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this virtual population was applied to predict the basic selective properties for stiff
diamond shaped meshes through simulations using the FISHSELECT software tool.

Mesh sizes were in the range 70 mm to 200 mm in steps of 10 mm thus making a total of
14 different mesh sizes. For each mesh size mesh openness angles from 10 degrees to 90
degrees in steps of 5 degrees were simulated. This makes 17 different opening angles for
each mesh size. This makes a total of 238 different diamond meshes. For each of these
meshes it was then simulated weather or not each of the 2000 virtual lemon soles could
pass through the mesh. In total this makes 476000 simulated penetration attempt results.

Processing these results using the design guide functionality in the FISHSELECT
software tool a table containing estimates of the basic 50% retention length L50 and the
selection range SR for each of the 238 different meshes was created. Based on the
information in this table an isoplot for L50 was created (Fig. 12).

L50 (cm) versus meshsize and opening angle

b

60

opening angle (degree)
40

<> meshsize (mm) <>

Fig. 12.
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Inspecting Fig. 12 is evident that the legal 90 mm mesh size for Kattegat-Skagerak is not
in balance with the minimum landing size MLS at 26 cm for Lemon sole in the trawl
fishery as L50 is predicted to be below 22 cm depending on the opening angle. To release
at least 50% of the individuals through penetration would at least require a mesh size
between 110 and 120 mm according to our predictions. From Fig. 12 it is also that the
retention properties depend on the opening angle thus the maximum for lemon sole is
found for approximately 40 degrees openness.

The same procedure can be carried out for other mesh types based on the results

presented here. But it has not been possible to carry out this within the limits of this
project.
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A note on the FISHSELECT results for sole

In May 2007, soles were caught by gillnets and by trawl fishing from a research vessels
(“Havfisken™). Approximately 100 live soles were brought to tanks in the laboratory
where they were kept. The fish were anaesthetized when removed from the tanks. Of this
batch of fish, 74 were used in the FISHSELECT experiments. Fig. 1 shows the size
structure for these individuals.

E Population Structure

Size Structure inumber fish versus length

160 180 200 220 240 260 280 300
length (mmj

Fig. 1. Size distribution of the soles investigated in the experiment.

Three cross sections were measured at fixed positions along the length of the sole (Fig 2).
Cross section 1 (CS1): On the head representing the maximal non-deformable height
Cross section 2 (CS2): On the body representing the maximal width

Cross section 3 (CS3): Just behind the gill between CS1 and CS3.

cs1 B T

CS2

CSs3 )

Fig. 2. Position of the 3 cross sections.
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The measurements were carried out on a table using a single mechanical MorphoMeter
(Fig. 3). Each cross section was digitized by use of a flat bed scanner and the
FISHSELECT software which transfers the outlines of the cross section to a system of
co-ordinates (Fig 4+6).

||II I,.I'T\W'ﬂm |

Eig. 3. Experimental setup for use of the MorphoMeter when measuring the cross sections of sole. In this
case cross section 3 is being measured and on the close-up, the position of the other cross sections is
indicated by arrows.

Fig. 4. Experimental setup of the process of scanning the MorphoMeter with the outline of the cross section
and acquiring the data in a laptop computer.

Templates with 132 holes of different shape and size were used in the penetration
experiments. The holes illustrates meshes and the shapes investigated were diamond,
square, rectangle and hexagonal. For each shape and size, a series of different openings
were laid out in order to reflect the mesh configurations found in a codend.

Table 1 summarizes the data for the 132 meshes investigated by use of syntax developed
as part of the FISHSELECT software tool. The data listed is not nominal measures but is
actual measures obtained by scanning each mesh hole, digitizing the contour using build
in image analysis functionality in the FISHSELECT software tool as well as obtaining a
parametric description using build in functionality for this.
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Table 1. Data on the 132 meshes investigated. ID: unique mesh id, Type: mesh shape (diamond=D,
square=S, rectangular=R, hexagonal=H), m: stretched mesh size, oa: opening angle, b and k: bar length, a:
2" bar length when the bars are unequal. A detailed description of mesh configurations is given in the
paper describing the methodology of FISHSELECT.

ID=1;Type=D;m=77.69;0a=30.54;I1D=2; Type=D;m=78.01;0a=55.58;1D=3; Type=D;m=80.27;0a=87.01,
1D=4;Type=D;m=88.20;0a=25.8;1D=5;Type=D;m=88.47;0a=30.92;1D=6; Type=D;m=88.80;0a=37.32;
ID=7;Type=D;m=88.35;0a=39.69;ID=8;Type=D;m=88.71;0a=45.85;1D=9; Type=D;m=89.75;0a=50.1,
ID=10;Type=D;m=89.26;0a=57.29;ID=11;Type=D;m=90.05;0a=60.08;I1D=12; Type=D;m=89.76;0a=61.79;
ID=13;Type=D;m=90.59;0a=69.79;1D=14;Type=D;m=89.26;0a=76.33;1D=15;Type=D;m=90.38;0a=81.45;
ID=16;Type=D;m=89.70,0a=85.36;1D=17; Type=D;m=91.16;0a=89.99;1D=18; Type=D;m=100.78;0a=19.87;
ID=19;Type=D;m=98.31,;0a=56.16;1D=20; Type=D;m=99.84,0a=86.21;ID=21;Type=D;m=109.42;0a=20.31;
ID=22;Type=D;m=109.56;0a=55.22;1D=23; Type=D;m=109.18;0a=86.48;1D=24;Type=D;m=118.27,0a=19.67;
ID=25;Type=D;m=114.16;0a=26.49;1D=26;Type=D;m=118.83;0a=31.73;|D=27; Type=D;m=117.90;0a=35.61;
1D=28;Type=D;m=118.35;0a=41.37;1D=29; Type=D;m=118.23;0a=46.22;1D=30; Type=D;m=119.86;0a=50.09;
ID=31;Type=D;m=118.94,0a=57.41;1D=32;Type=D;m=120.37,0a=60.67;1D=33; Type=D;m=119.71,0a=65.01;
ID=34;Type=D;m=118.48;0a=71.46;1D=35;Type=D;m=121.59;0a=77.86;|D=36; Type=D;m=120.31;0a=81.51;
ID=37;Type=D;m=120.52;0a=86.74;1D=38; Type=D;m=126.68;0a=19.89;1D=39; Type=D;m=128.99;0a=56.63;
1D=40;Type=D;m=129.98;0a=86.59;1D=41;Type=D;m=140.39;0a=19.84;1D=42; Type=D;m=138.48,0a=55.95;
ID=43; Type=D;m=140.23;0a=85.85;1D=44; Type=D;m=163.35;0a=14.39;1D=45; Type=D;m=158.72;0a=20.57;
ID=46;Type=D;m=158.13;0a=25.07;1D=47;Type=D;m=159.35;0a=30.48;1D=48; Type=D;m=157.85;0a=35.52;
1D=49;Type=D;m=159.03;0a=40.22;1D=50; Type=D;m=160.04,0a=46.09;1D=51; Type=D;m=159.03;0a=51.43;
ID=52;Type=D;m=160.76;0a=56.13;1D=53; Type=D;m=160.54;0a=60.74;1D=54; Type=D;m=160.56,0a=66.13;
ID=55;Type=D;m=161.10;0a=71.33;1D=56;Type=D;m=160.77;0a=76.62;1D=57; Type=D;m=159.68;0a=80.65;
ID=58;Type=D;m=160.97,0a=85.57;1D=59; Type=D;m=177.19;0a=15.68;1D=60; Type=D;m=180.96,0a=56.47;
ID=61;Type=D;m=182.90;0a=86.00;1D=62; Type=D;m=195.97;0a=15.85;1D=63; Type=D;m=200.40;0a=55.71;
ID=64;Type=D;m=200.30;0a=86.89;1D=65;Type=S;b=34.67;1D=66; Type=S;b=40.07;ID=67; Type=S;b=50.14;
ID=68;Type=S;b=60.23;1D=69; Type=S;b=69.69;1D=70; Type=S;b=80.08;ID=71;Type=S;h=89.95;
ID=72;Type=S;b=100.27;1D=73;Type=R;b=90.59;a=9.81;1D=74; Type=R;b=90.96;a=14.49;
ID=75;Type=R;b=91.35;a=19.33;ID=76;Type=R;b=91.05;a=29.19;ID=77; Type=R;b=91.23;a=49.01;
ID=78;Type=R;b=91.79;a=68.83;ID=79; Type=R;b=120.42;a=8.99;1D=80; Type=R;b=121.67;a=14.85;
ID=81;Type=R;b=122.15;a=19.38;ID=82; Type=R;b=121.61;a=29.57;ID=83; Type=R;b=122.40;a=48.84;
1D=84;Type=R;b=121.93;a=69.02;1D=85; Type=R;b=202.66;a=9.89;1D=86; Type=R;b=203.93;a=14.28;
ID=87;Type=R;b=203.45;a=19.02;1D=88; Type=R;b=200.19;a=29.96;1D=89; Type=R;b=203.26;a=49.13;
ID=90; Type=R;b=203.62;a=69.37;1D=91; Type=H;b=17.49;k=35.25;0a=142.05;1D=92; Type=H;b=17.61;k=36.17;0a=130.44;
1D=93;Type=H;b=18.06;k=36.51;0a=103.65;1D=94; Type=H;b=17.02;k=35.71;0a=86.08;
ID=95;Type=H;b=20.25;k=39.95;0a=147.81;1D=96; Type=H;b=20.35;k=39.75;0a=126.92;
ID=97;Type=H;b=19.96;k=39.31;0a=107.59;1D=98; Type=H;b=19.98;k=40.81;0a=91.84;

1D=99; Type=H;b=25.37;k=50.15;0a=143.40;1D=100; Type=H;b=24.91;k=49.24;0a=126.33;
ID=101;Type=H;bh=26.22;k=48.60;0a=102.92;1D=102; Type=H;b=26.04;k=48.05;0a=89.54;

ID=103; Type=H;b=29.74;k=59.42;0a=143.88;1D=104; Type=H;b=30.53;k=60.21;0a=128.98;
ID=105;Type=H;b=29.86;k=59.42;0a=105.49;1D=106; Type=H;b=29.94;k=59.80;0a=88.85;
ID=107;Type=H;b=35.15;k=68.93;0a=142.28;1D=108; Type=H;b=34.18;k=70.03;0a=128.34;

ID=109; Type=H;b=35.29;k=69.42;0a=106.33;1D=110; Type=H;b=35.62;k=69.47;0a=89.76;
ID=111;Type=H;b=40.78;k=80.51;0a=145.98;1D=112; Type=H;b=40.66;k=79.42;0a=129.65;
ID=113;Type=H;b=40.34;k=80.04;0a=105.87;1D=114; Type=H;b=41.03;k=80.19;0a=88.19;
ID=115;Type=H;b=49.89;k=99.69;0a=141.66;1D=116; Type=H;b=50.59;k=99.35;0a=127.28;
ID=117;Type=H;b=50.47;k=99.31;0a=106.32;1D=118; Type=H;b=50.97;k=98.67;0a=88.05;
ID=119;Type=D;m=66.38;0a=26.86;1D=120; Type=D;m=67.25;0a=29.74;1D=121;Type=D;m=67.66;0a=37.95;
ID=122; Type=D;m=67.59;0a=41.83;1D=123; Type=D;m=67.81;0a=44.22;1D=124; Type=D;m=67.61;0a=51.56;
ID=125;Type=D;m=68.85;0a=55.10;1D=126; Type=D;m=69.35;0a=63.60;1D=127; Type=D;m=70.11,0a=64.87;
ID=128;Type=D;m=68.44,0a=69.86;1D=129; Type=D;m=69.33;0a=74.24;1D=130; Type=D;m=68.80;0a=79.65;
ID=131;Type=D;m=70.12;0a=85.60;1D=132; Type=D;m=69.69;0a=89.67;

Head first and under the force of gravity, each fish was guided through all the meshes and
success or failure of penetration was recorded (Fig 5). This resulted in a total of 9768
penetration results.
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Fig. 5. Images from the penetration p'eriment testing whether a given fish is able to penetrate a given
mesh in the templates. The right hand picture illustrate that the fins and some part of the body of the sole is
very flexible and it should be expected that a suitable penetration model needs to account for this.

For each sole the three cross sections were digitized (Fig. 6) and it was found that an
asymmetrical trapezoid provided the best description of the shapes (Fig. 7). An image
analysis tool in FISHSELECT extracts the contour in the scanned image of the
mechanical Morphometer and translates the contour into a system of co-ordinates (Fig.
6). Subsequently a number of different geometrical shapes are fitted to the outline of the
cross section and for all three cross sections, an asymmetrical trapezoid fitted best (Fig.
7)

et n

o

Fig. D'igitized outline of one of the cross séct}ofis measured by fhé Morph'olMeter

CS1 CS2 CS3

Fig. 7. Asymmetrical trapezoids fitted to the outlines of all three cross sections.
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This procedure was carried out for each individual and for the 74 individuals fitting an
asymmetrical trapezoid to the cross section we found the following overall fit statistics

(Table 2).

Table 2. Overall fit statistics of fitting an asymmetrical trapezoid to cross section outlines.

Cross section Mean deviation sd mean deviation Maximum deviation sd Maximum deviation
No. (mm) (mm) (mm) (mm)

1 0.49 0.01 2.10 <0.01

2 0.63 0.01 2.65 0.04

3 0.68 <0.01 2.77 0.04

Regression describing the relationships between the fish length and the parameters of the
asymmetrical trapezoid (bottom width, top width, height and top asymmetry) for each
cross section were obtained according to the FISHSELECT methodology.

Making the regressions for the length to width and height leads to the results shown in
Fig. 8-10 and Table 3.

Width1 wersus length

Width2 versus length
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Height versus length

Fig. 8. CS1
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Table 3.

D1:Coef=0.00000047;5d=0.00000006;P0=3.5200;R2=0.91;"Weight versus length"
D2:Coef=0.59323483;5d=0.03579144;P0=1.0700;R2=0.86;"Girth versus length"
D3:Coef=54.08053886;sd=2.70676533;P0=0.2900;R2=0.91;"Girth versus weight"
Section 1

Type=ATR

D4:Coef=0.15919327;5d=0.01146446;P0=1.0600;R2=0.79;"Width1 versus length"
D5:Coef=0.05465890;5d=0.00579444;P0=1.1000;R2=0.67;"Width2 versus length"
D6:Coef=1.16970908;5d=0.14759143;P0=0.7700;R2=0.51;"Width2 versus width1"
D7:Coef=0.01833819;5d=0.00119357;P0=1.1600;R2=0.86;""Height versus length"
D8:Coef=0.24803478;5d=0.05407921;P0=0.7700;R2=0.20;"e versus length"
Section 2

Type=ATR

D4:Coef=0.21705087;5d=0.01224145;P0=1.0900;R2=0.88;"Width1 versus length"
D5:Coef=0.00107347;5d=0.00021336;P0=1.8400;R2=0.60;"Width2 versus length"
D6:Coef=0.01398639;5d=0.00267729;P0o=1.6900;R2=0.68;"Width2 versus width1"
D7:Coef=0.00423337;5d=0.00036033;P0=1.4500;R2=0.83;""Height versus length"
D8:Coef=0.69219883;5d=0.17354220;P0=0.6800;R2=0.13;"e versus length"
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Section 3

Type=ATR

D4:Coef=0.23779199;5d=0.01312788;P0=1.0800;R2=0.88;"Width1 versus length"
D5:Coef=0.00077241;5d=0.00017106;P0=1.9000;R2=0.57;"Width2 versus length"
D6:Coef=0.01285822;5d=0.00294252;P0=1.7000;R2=0.60;"Width2 versus width1"
D7:Coef=0.00413309;5d=0.00037569;P0=1.4500;R2=0.84;"Height versus length"
D8:Coef=0.35995251;5d=0.08678130;P0=0.8000;R2=0.18;"e versus length"

Fig. 8-10 shows that the FISHSELECT regression models can be used to reasonably
describe the relationships between fish length and cross section parameters including the
between individuals variation. The R2-values however could be better (see Table 3).
Especially e versus has a low R2 value indicating that there is no clear relationship
between the two. As e contains the skewness of the trapezoid, the lack of relationship
between this parameter and fish length may indicate that it could be sufficient to use a
symmetrical trapezoid for the shape descriptions. But within the time period of the
project it has not been possible to analyze this in sufficient detail.

Without a final decision on whether the cross section description could be simplified to a
symmetrical trapezoid in stead of an asymmetrical, initial analysis to find a suitable
penetration model was started using the latter description. Using more than 200 single
cross section models cut based on fin cut algorithms implemented in the FISHSELECT
software tool and based on asymmetrical compressions in height and width it is a very
computer resource demanding task to identify the best penetration model.

At the time of reporting, the preliminary models had a DA (degree of agreement) above
95.1% and there are still a couple of weeks of computing time left before all initial
models have been run.

95.1% is relatively high and is very likely that the final model will have a higher DA. We
are therefore confident that we will succeed in finding a sufficiently accurate model when
the data analysis is complete. In the future, this model will allow making predictions for
sole based on this study.

A7 7




f'\ShSE|9c’

>y )-

A8




Note on Nephrops (Nephrops Norvegicus)

A study of size selection of Nephrops using the FISHSELECT methodology has been
initiated as part of the project. The study is carried in corporation with another project
(SELTRA). In the current project the data collection and laboratory work has been
carried out as well as initial analysis of data from a pilot experiment in the laboratory
with the purpose to specify the main laboratory work. The analysis of the data from the
main laboratory work is expected to be carried out in SELTRA and reported there.

Method.

Experimental fishing has provided parameter estimates for size selection of Nephrops.
For example, it has been estimated for a full square mesh cod-end with mesh size 70 mm
for pooled data that L50 = 42.0 mm and SR = 15.5 mm (= 47.0 — 32.5) (see Fig. 1). We
use this information as basis for the initial part of the study. Compared to the relatively
active escapement process of the fish investigated in this project, we expect that
Nephrops size selection through the meshes in towed gears is a more random process. A
fish attempting to penetrate a mesh in a towed fishing gear is thus assumed to be able to
orientate itself optimal for penetration. For Nephrops we expect that this will not
necessary be the situation. Our hypothesis is that the average size selection process of
Nephrops in towed gears is controlled by contact with the meshes at different
orientations. This means that in order to predict size selection of Nephrops by the
FISHSELECT methodology we need to identify the different orientations (contact
modes) for the Nephrops and estimate to which level each of these modes contribute to
the average size selection. Assuming that the contributions of the different contact modes
are approximately the same for different netting gear designs we can use results for a
limited number of designs to estimate the relative contributions of the different contact
modes in all gear types. This may include eliminating modes found not to contribute
significantly to the overall process. The contact modes found to be contributing to the
selective process are run in the “standard” FISHSELECT methodology to establish the
basic selective properties for a large number of different mesh designs and grids.

A subsequent analysis combine these results and based on a comparison with field data,
the program provides each contact mode with a level of importance ranging form zero to
one. The higher the level, the more important is the specific contact mode estimated to be
in the selective process in a trawl. These information enables prediction of the basic size
selective properties for different mesh designs and grids with respect to Nephrops. Even
if it’s not be possible to establish very precise predictions on the level of importance, the
basic selective properties for the separate contact modes, should provide useful
information about the upper and lower limits for the size selective properties of different
gear designs with respect to Nephrops. It should also provide useful knowledge about
basic mechanisms likely to be involved in size selection of Nephrops.
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Retention of Nephrops in 70 mm square mesh
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Pilot experiment.

For the FISHSELECT pilot experiment we used the following 8 contact modes (Fig. 2):

In the pilot experiment, a subset of only 43 meshes was used. These meshes reflected the
mesh configurations relevant for the codends on which we had field data. For the square
mesh codend (70mm), we had retention data in the entire selective range and these data
were therefore used as reference data when estimating the level on importance for the
different contact modes. This square mesh codend is made of very soft material with
tensionless mesh bars easy to distort (Fig. 3). The mesh designs therefore also included
hexagonal shapes emulating squares distorted in tensionless mesh bars perpendicular to

the towing direction.
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Table 1 lists the mesh designs used for the penetration experiments in the pilot
experiment.

Table 1

ID=1;Type=D;m=90;0a=15;ID=2;Type=D;m=90;0a=20;ID=3; Type=D;m=90;0a=25;
ID=4;Type=D;m=90;0a=30;ID=5;Type=D;m=90;0a=35;1D=6;Type=D;m=90;0a=40;
ID=7;Type=D;m=90;0a=45;ID=8; Type=D;m=90;0a=50;ID=9; Type=D;m=90;0a=55;
ID=10;Type=D;m=90;0a=60;ID=11;Type=D;m=90;0a=65;ID=12;Type=D;m=90;0a=70;
ID=13;Type=D;m=90;0a=75;ID=14;Type=D;m=90;0a=80;ID=15;Type=D;m=90;0a=85;
ID=16;Type=D;m=90;0a=90;ID=17;Type=S;b=30;ID=18;Type=S;b=35;ID=19; Type=S;b=60;
ID=20;Type=R;b=200;a=35;ID=21;Type=R;b=200;a=40;1D=22;Type=H;b=15;k=30;0a=145;
ID=23;Type=H;b=15;k=30;0a=130;1D=24;Type=H;b=15;k=30;0a=105;
ID=25;Type=H;b=15;k=30;0a=90;ID=26;Type=H;b=15;k=30;0a=80;ID=27;Type=H;b=15:k=30;0a=60;
1D=28;Type=H;b=15;k=30;0a=40;1D=29; Type=H;b=17.5;k=35;0a=145;1D=30;Type=H;b=17.5;k=35;0a=130;
ID=31;Type=H;b=17.5;k=35;0a=105;1D=32;Type=H;b=17.5;k=35;0a=90;ID=33; Type=H;b=17.5;k=35;0a=80;
ID=34;Type=H;b=17.5;k=35;0a=60;ID=35; Type=H;b=17.5;k=35;0a=40;ID=36;Type=H;b=30;k=60;0a=145;
ID=37;Type=H;b=30;k=60;0a=130;ID=38; Type=H;b=30;k=60;0a=105;ID=39; Type=H;b=30;k=60;0a=90;
ID=40;Type=H;b=30;k=60;0a=80;1D=41;Type=H;b=30;k=60;0a=70;1D=42; Type=H;b=30;k=60;0a=60;
1ID=43;Type=H;b=30;k=60;0a=40,

We used 20 individual in the pilot experiment ranging from 18 mm to 61 mm in carapace
length. Fig. 4 shows the length structure for the individuals used in the pilot experiment.

B8 Population Structure E@ |

Size Structure (number fish versus length)
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Fig. 4

With 20 individuals, 43 meshes and 8 different contact modes the penetration experiment
for the pilot study yielded of 20x43x8= 6880 results.
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A facility in the FISHSELECT software tool enabled us to link results from the
penetration experiments to information on carapax length. This enabled us to use the
penetration results to create retention data for each mesh and each of the contact modes 1
to 8. The resulting retention data could then be used to estimate the basic selective
properties either separately or by combining results from different meshes, modes or

both. Table 2 shows the retention data for the different modes based on the penetration

results for the 20 Nephrops for a full open 70 mm square mesh (mesh id 18 in Table 1).

Table 2

Length

18.5
19.5
20.5
28.5
345
36.5
37.5
45.5
46.5
55.5
57.5
59.5
61.5

no total

1
1
2
4
1
1
2
2
2
1
1
1
1
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* only one individual the is other missing value. Retention in % can be obtained by
division of the retention with “no total”.

For comparative purposes, fig. 5 plots the retention curves for the data in table 2
(squares) together with the field data shown in Fig. 1 (triangles).
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Fig. 5. The black triangles represent the experimental data from Fig. 1 while the white
squares represent the penetration results for the individual modes 1 to 8.

To get an idea of the level of importance of the different contact modes, we subsequently
compared the estimated L50 and SR with the experimentally obtained estimates. Even for
a minor study like this, contact modes, meshes and different levels of importance quickly
adds up to a large number of combinations that turned out to be impossible to analyze by

means of the functionalities already implemented in the FISHSELECT software tool. We
therefore developed and implemented functionalities to carry out this analysis

automatically.

The core of this analysis was to define a function to rank the quality of the results for all

combinations investigated. The reference was the parameter values obtained in the field

and the combinations resulting in high resemblance with these parameters should be

ranked first. We used the following function:
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Cri simL,, — refl,, ’ N SimSR — refSR ) ()
refL,, refSR

In (1) refL50 and refSR represent the experimentally obtained results and simL50 and
simSR represent the simulated parameters estimated for the combination being evaluated.
For a perfect match with the experimental results (simL50 = refL50 and simSR = refSR),
the value will be zero. For a poorer match, the function will undertake increasing values.
The Cri-value is thus used to rank the quality of the different combination of modes and
meshes.

Initially we investigated the situation assuming that all codend meshes were full open
(perfect square) while all 8 contact modes were tested at three levels of importance (0, 3,
6). This makes 3® = 6561 combinations. Table 3 shows the top 17 match from this initial
investigation.

Table 3

w1=0.00;w2=28.57,w3=0.00;w4=28.57;w5=28.57,w6=14.29;w7=0.00;w8=0.00;Cri=0.017933;L50=41.62;SR=15.74
w1=0.00;w2=14.29;w3=14.29;w4=28.57;w5=28.57,w6=14.29;w7=0.00;w8=0.00;Cri=0.017933;L.50=41.62;SR=15.74
w1=0.00;w2=0.00;w3=28.57;w4=28.57,w5=28.57;w6=14.29;w7=0.00;,w8=0.00;Cri=0.017933;L.50=41.62;SR=15.74
w1=0.00;w2=28.57,w3=0.00;w4=28.57;w5=14.29;w6=28.57;w7=0.00;w8=0.00;Cri=0.017933;L50=41.62;SR=15.74
w1=0.00;w2=14.29;w3=14.29;w4=28.57;w5=14.29;w6=28.57,w7=0.00;w8=0.00;Cri=0.017933;L.50=41.62;SR=15.74
w1=0.00;w2=0.00;w3=28.57;w4=28.57,w5=14.29;w6=28.57,w7=0.00;,w8=0.00;Cri=0.017933;L.50=41.62;SR=15.74
w1=14.29;w2=0.00;,w3=28.57;w4=28.57,w5=0.00;w6=28.57;w7=0.00;w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
w1=14.29;w2=14.29;w3=14.29;w4=28.57;w5=0.00;w6=28.57,w7=0.00;w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
w1=14.29;w2=28.57;w3=0.00;,w4=28.57;w5=0.00;w6=28.57,w7=0.00;,w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
w1=14.29;w2=0.00;,w3=28.57;w4=28.57,w5=14.29;w6=14.29;w7=0.00;,w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
wi1=14.29;w2=14.29;w3=14.29;w4=28.57;w5=14.29;w6=14.29;w7=0.00;w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
w1=14.29;w2=28.57;w3=0.00;,w4=28.57;w5=14.29;w6=14.29;w7=0.00;w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
w1=14.29;w2=0.00;,w3=28.57;w4=28.57,w5=28.57;w6=0.00;w7=0.00;w8=0.00;Cri=0.020866;,L.50=41.21;SR=15.36
w1=14.29;w2=14.29;w3=14.29;w4=28.57;w5=28.57,w6=0.00;w7=0.00;w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
w1=14.29;w2=28.57;w3=0.00,w4=28.57;w5=28.57;,w6=0.00,w7=0.00;,w8=0.00;Cri=0.020866;L.50=41.21;SR=15.36
w1=18.18;w2=18.18;w3=9.09;w4=18.18,w5=18.18;w6=18.18;w7=0.00;w8=0.00;Cri=0.021854;L.50=42.37;SR=15.81
w1=18.18;w2=9.09;w3=18.18;w4=18.18,w5=18.18;w6=18.18;w7=0.00;w8=0.00;Cri=0.021854;L.50=42.37,SR=15.81

w1 to w8 is the relative level of importance for contact mode 1 to 8 in the specific run.
The sum of w1 to w8 is thus 100% and as the number of levels was set to 3, the
maximum number of different values within that run will also be 3.

L50 and SR are the simulated selection estimates — the reference data from the field were:
L50=42 mm and SR = 15.5 mm. Inspecting the results for the top matches show that the
modes investigated, when weight appropriately, make it possible to obtain estimates on
selectivity that are relatively close to those obtained in the field. And keep in mind that
this initial analysis was based on one mesh (full open) and 3 levels of importance only.
Inspecting the relative levels of importance show that mode 7 and 8 are attributed with
zero in the combinations that have the highest rank indicating that they explain no or very
little of the process of selection. For mode 7 and 8 the first contribution (11.11 %) is
found at rank no. 53 and 250 respectively.
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When investigating at the combinations giving the poorest parameter estimates, it is seen
that mode 7 and mode 8 are attributed with high levels of importance (Table 4):

Table 4

w1=0.00;w2=0.00;w3=0.00;,w4=0.00;w5=16.67;w6=16.67,w7=33.33;w8=33.33;Cri=1.768735;L50=19.35;SR=41.61
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=33.33;,w7=33.33;w8=33.33;Cri=1.768735;L50=19.35;SR=41.61
w1=20.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=0.00;,w7=40.00;w8=40.00;Cri=1.779267;L50=6.21;SR=39.71
w1=0.00;w2=0.00;w3=0.00;,w4=0.00;w5=0.00;w6=40.00;w7=20.00;w8=40.00;Cri=1.782853;L.50=23.42;SR=42.27
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=20.00;w6=20.00;w7=20.00;w8=40.00;Cri=1.782853;L.50=23.42;SR=42.27
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=40.00;,w6=0.00;,w7=20.00;w8=40.00;Cri=1.782853;L.50=23.42;SR=42.27
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=50.00;w6=0.00;w7=0.00;w8=50.00;Cri=1.800089;L.50=28.91;SR=42.98
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=50.00;w7=0.00;w8=50.00;Cri=1.800089;L.50=28.91;SR=42.98
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=50.00;w6=0.00;w7=0.00;w8=50.00;Cri=1.800089;L.50=28.91;SR=42.98
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=25.00;w6=25.00;w7=0.00;w8=50.00;Cri=1.800089;L.50=28.91;SR=42.98
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=50.00;w7=0.00;w8=50.00;Cri=1.800089;L.50=28.91;SR=42.98
w1=25.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=0.00;w7=25.00;w8=50.00;Cri=1.861638;L50=9.12;SR=41.68
w1=33.33;w2=0.00;,w3=0.00;w4=0.00;w5=0.00;w6=0.00;w7=0.00;,w8=66.67;Cri=2.007938;L.50=13.26;SR=44.76
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=20.00;w7=40.00;w8=40.00;Cri=2.191681;L50=3.40;SR=46.34
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=20.00;w6=0.00;w7=40.00;w8=40.00;Cri=2.191681;L50=3.40;SR=46.34
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=25.00;w6=0.00,w7=25.00;w8=50.00;Cri=2.308304;L.50=6.82;SR=48.84
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=25.00;w7=25.00;w8=50.00;Cri=2.308304;L.50=6.82;SR=48.84
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=33.33;w6=0.00;w7=0.00;w8=66.67;Cri=2.331343;1.50=12.96;SR=50.01
w1=0.00;w2=0.00;w3=0.00;w4=0.00;w5=0.00;w6=33.33,w7=0.00;w8=66.67;Cri=2.331343;L50=12.96;SR=50.01

Based on these results we conclude that it is unlikely that mode 7 and 8 play any major
contribution in size selection of Nephrops in real fishery.

The plots in fig. 5 also back up this conclusion as modes 7 and 8 show full retention
down to at least 20 mm. At this carapax length, field data have zero retention (Fig. 2).

We therefore chose to eliminate mode 7 and 8 from further analysis. In order to simplify
the model, we aim at reducing the number of modes as far as possible without loosing
vital information. We therefore look into more detail at the effect of model 1 to 6. In table
3 we observe that each of these modes contribute to the results in the highest ranked
combinations. Based on this alone, it is therefore not possible to eliminate any of these
modes. It is likely though, that the selective effects of some of these modes are similar,
and for predictive purposes it is therefore not necessary to distinct between them. Such
similarities are investigated by looking into the penetration results for the 6 modes across
the 43 meshes applied in this pilot experiment. Having tested 20 individuals on 43
meshes the amount of penetration results for each mode is 860. Table 5 summarizes the
percentages difference in penetration results for mode 1 to 6.

Table 5
mode\mode 1 2 3 4 5 6
1 - 32% 42% 5% 5% 5%
2 - - 10% 32% 37% 37%
3 - - - 41% 47% 47%
4 - - - - 6% 5%
5 - - - - - 0%
6 - - - - - -

From Table 5 it is evident that mode 5 and 6 have similar properties with regards to their
ability to penetrate the 43 meshes. We assume that it is more likely for Nephrops to meet
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the meshes of a towed gear in mode 5 than mode 6. Furthermore the results of mode 5 are
evaluated to be more independent of the person performing the experiment as the legs of
the Nephrops automatically orient correctly, we choose to eliminate mode 6. Mode 5 is
now the most optimal mode for mesh penetration and data for this mode will provide
useful information for size selection of Nephrops as it provides an upper limit for
penetration. This comply with the field data as can be seen by investigating Fig. 5 for
mode 5. For mode 5 we have data indicating full retention at length around 55 mm which
fits well with full retention in the field data.

The deviation of results for mode 4 compared to mode 5 is small (6%). Therefore we also
eliminate mode 4 also because we find the mode tail spread out to be unlikely and also
difficult to handle experimentally. Thus now we are down to modes 1, 2, 3 and 5. In
modes 1 to 3, the tail is flexed up which we find to be very likely. Based on the results in
Table 5, we could choose to eliminate mode 1 for mode 5 as the deviation in results is
only 5%. But inspection of the simulated L50’s of the two modes reveals high deviation
for some meshes. Table 6 list the difference between estimates of L50 between modes 1
and 5 using 5 as basis.

Table 6

deviation L50
mesh id (%) mesh id deviation L50 (%)
1 23 1
2 24 0
3 17 25 0
4 -1 26 22
5 16 27 0
6 28 2
7 29 19
8 20 30 19
9 22 31 0
10 24 32 17
11 6 33 0
12 3 34 17
13 6 35 0
14 6 36 0
15 6 37 0
16 6 38 0
17 16 39 0
18 1 40 0
19  missing value 41 3
20 0 42 0
21 0 43 -1

22 19

Table 6 shows that L50 for several of the meshes investigated in the pilot experiment is
more than 15% larger for mode 5 than for mode 1. Looking at Fig. 2 to inspect the
morphology being involved in the penetration attempts this makes sense. For two meshes,
it is predicted that L50% is 1% smaller for mode 1 than for mode 5. We expect this to be
due to the experimental uncertainty by only using 20 individuals in the pilot experiment
which highlights the importance of using more individuals in the main experiment. Based
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on the findings described above, we conclude that we cannot represent mode 1 by mode
5.

From Table 5 it is clear that we cannot represent mode 2 or 3 by mode 1 or 5 (deviations
between 32 and 47%). Looking at Fig. 5 for mode 2 and 3 indicates that they could well
play a role in the size selection process because their upper limit for zero retention seem
to fit well with the field data. Combining mode 1 and mode 5 with either mode 2 or mode
3 would thus provide explanation for the selection process in the entire selective range.
The only way to reduce the number of modes further is to replace one of modes 2 or 3 by
the other. Based on Table 5, deviation between the two is 10% and this does not support
such a reduction.

Based on experiences from the laboratory it is evaluated that mode 2 is the more stable of
the two as Nephrops in mode 3 tended to roll into mode 2. Therefore we choose to drop
mode 3. We thus end up with three modes (1, 2 and 5) on which we will base further
studies of the size selection of Nephrops. Of these, mode 5 will be representing the upper
morphological limit for the size selection of Nephrops.

After having selected the modes expected to be fully explanatory for the process of
selection, the next step is to estimate their individual level of importance. We therefore
rerun the simulations for the full open square based on modes 1, 2 and 5 but now with 10
different levels of importance making 10°=1000 combinations. Table 7 shows the results
for the 20 best matches:

Table 7

w1=72.73;w2=27.27,w5=0.00;Cri=0.013267;L.50=42.35;SR=15.66
w1=71.43;w2=28.57;w5=0.00;Cri=0.025162;L.50=42.01;SR=15.89
w1=75.00;w2=25.00;w5=0.00;Cri=0.028947;L.50=42.95;SR=15.22
w1=66.67;w2=25.00;w5=8.33;Cri=0.029155;1.50=43.20;SR=15.41
w1=63.64;w2=27.27;w5=9.09;Cri=0.029172;L50=42.62;SR=15.89
w1=62.50;,w2=25.00;w5=12.50;Cri=0.031429;L50=43.32;SR=15.50
w1=60.00;w2=26.67;w5=13.33;Cri=0.032238;L.50=42.91;SR=15.87
w1=58.33;w2=25.00;w5=16.67;Cri=0.034774,;L.50=43.44;SR=15.59
w1=56.25;w2=25.00;w5=18.75;Cri=0.037070;L50=43.51;SR=15.64
w1=64.29;w2=28.57,w5=7.14;Cri=0.037784;L50=42.22;SR=16.08
w1=70.00;w2=30.00;w5=0.00;Cri=0.041589;L50=41.63;SR=16.13
w1=53.33;,w2=26.67;w5=20.00;Cri=0.042708;L50=43.11;SR=16.02
w1=50.00;w2=25.00;w5=25.00;Cri=0.043847;L.50=43.69;SR=15.77
w1=54.55;w2=27.27,w5=18.18;Cri=0.044130;L50=42.89;SR=16.10
w1=52.94,w2=23.53;w5=23.53;Cri=0.048762;L50=44.03;SR=15.40
w1=69.23;w2=30.77;w5=0.00;Cri=0.049699;L50=41.42;SR=16.24
w1=57.14;w2=28.57;w5=14.29;Cri=0.050090;L.50=42.43;SR=16.26
w1=45.00;w2=25.00;w5=30.00;Cri=0.050203;L50=43.84,SR=15.88
w1=47.37;w2=26.32;w5=26.32;Cri=0.050440;L.50=43.39;SR=16.09
w1=61.54,w2=23.08;w5=15.38;Cri=0.051150;L50=43.90;SR=15.13

Inspecting Table 7 support the thesis that combining just modes 1, 2 and 5 when
simulating selectivity of Nephrops. Interestingly we observe that mode 1 seem to
contribute most while the mode with the most optimal orientation (mode 5) contribute the
least. For several results on the top 20 list mode 5 does not contribute at all (w5=0.0)
including all results in top 3. This indicates that a major part of the Nephrops does not
meet the mesh panel in optimal orientation for mesh penetration. Rather it seems like the
dominant mode will be the one with the tail flexed (mode 1) or modes with similar
selective properties. Fig. 6 plots combination with the highest rank in Table 7.
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Fig. 6

From 6 it seems that by combination of mode 1, 2 and 5 we can simulate the selection
observed in the field.

When looking at the three modes separately i.e. 100% contribution from one mode, it is
evident that none of the modes can stand alone in explaining the selective process. The
value of the function Cri are thus 33 to 75 times higher than the values of the best
combination of the three modes (Table 7) which illustrates the much poorer
representation of the field data. Results for this are shown in Table 8.

Table 8

w1=100.00;w2=0.00;w5=0.00;Cri=1.005082;L50=46.50;SR=0.01
w1=0.00;w2=100.00;w5=0.00;Cri=1.117350;L50=21.01;SR=0.01
w1=0.00;w2=0.00;w5=100.00;Cri=1.006449;L50=47.01;SR=0.01

From Table 8 it is clear that selection range (SR) for the “clean” modes is very low
compared to what is observed in the field. Results shown in Table 7 and 8 indicate that a
likely explanation for the relatively large SR usually observed in field experiments testing
selectivity of Nephrops is likely to be that different contact modes coming in to play.

For the full open square mesh, the simulated L50 (mode 1 and mode 5) is not very
different from the one obtained in the field. These simulations are based on the 20
individuals only and prior to using the model to predict the selective properties of
nettings for which we have no reference data, a main experiment using more individuals
needs to be conducted.

Before we close the analysis of the pilot data we take a brief look at the effect of square
meshes not being fully open. Flume tank observation on the mesh openings for the
codend in question, has indicated that it the meshes can be closed down to a
corresponding hexagonal shape with opening angle at 80 degrees. The justification for
using the hexagonal shape is, that the soft material used for the netting is easily distorted
in the tensionless bars by individuals trying to pass through the mesh. To make an initial
test of this effect, we conducted an extra run of simulations combining selection of modes
1, 2 and 5 in both of the extreme mesh openings; the full open square and the 80 degrees
corresponding hexagonal shaped (mesh id 18 and mesh id 33). This results in 6 “modes”
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(2 meshes times the contact modes). To limit computing time, we reduced the number of
levels to 5 making 5°=15625 combinations. Table 9 shows the best 20 matches for this.

Table 9

w1=36.36,w2=9.09;w3=27.27;w4=0.00;w5=27.27,w6=0.00;Cri=0.006276;L.50=41.85;SR=15.42
w1=50.00;w2=16.67,w3=16.67;w4=0.00;w5=16.67;w6=0.00;Cri=0.006798;L50=41.91;SR=15.60
w1=25.00;w2=16.67;w3=33.33;w4=0.00;w5=16.67;w6=8.33;Cri=0.008274;L50=41.68;SR=15.45
w1=25.00;w2=16.67;w3=33.33;w4=8.33;,w5=16.67;w6=0.00;Cri=0.008274;L.50=41.68;SR=15.45
w1=20.00;w2=20.00;w3=40.00;w4=10.00;w5=10.00;w6=0.00;Cri=0.008714,;1.50=42.34;SR=15.55
w1=20.00;w2=20.00;w3=40.00;w4=0.00;w5=10.00;w6=10.00;Cri=0.008714;L.50=42.34;SR=15.55
w1=27.27,w2=9.09;w3=36.36;w4=0.00;w5=27.27,w6=0.00;Cri=0.010090;L.50=42.12;SR=15.65
w1=18.18;w2=27.27,w3=36.36,w4=18.18;w5=0.00;w6=0.00;Cri=0.010400;L50=41.84,SR=15.35
w1=18.18;w2=27.27;w3=36.36,w4=9.09;,w5=0.00;w6=9.09;Cri=0.010400;1.50=41.84;SR=15.35
w1=18.18;w2=27.27;w3=36.36;w4=0.00;w5=0.00;w6=18.18;Cri=0.010400;L.50=41.84;SR=15.35
w1=30.77;w2=7.69;w3=30.77,w4=0.00;,w5=30.77;w6=0.00;Cri=0.011252;L.50=41.54,SR=15.54
w1=28.57;w2=28.57,w3=28.57,w4=7.14,w5=0.00;w6=7.14;Cri=0.012513;L.50=41.61;SR=15.63
w1=28.57,w2=28.57;w3=28.57,w4=0.00;w5=0.00;w6=14.29;Cri=0.012513;L.50=41.61;SR=15.63
w1=28.57;w2=28.57;w3=28.57,w4=14.29;w5=0.00;w6=0.00;Cri=0.012513;L50=41.61;SR=15.63
w1=30.00;w2=20.00;w3=30.00;w4=10.00;w5=10.00;w6=0.00;Cri=0.012958;L.50=42.05;SR=15.30
w1=30.00;w2=20.00;w3=30.00;w4=0.00;,w5=10.00;w6=10.00;Cri=0.012958;L50=42.05;SR=15.30
w1=33.33;w2=11.11;w3=33.33;,w4=0.00;w5=22.22;w6=0.00;Cri=0.014762;L50=42.62;SR=15.50
w1=0.00;w2=0.00;w3=60.00;w4=0.00;w5=40.00;w6=0.00;Cri=0.016032;L50=42.36;SR=15.71
w1=36.36,w2=27.27;w3=27.27,w4=9.09;w5=0.00;,w6=0.00;Cri=0.017698;L.50=42.36;SR=15.74
w1=36.36;w2=27.27,w3=27.27,w4=0.00;,w5=0.00;w6=9.09;Cri=0.017698;1.50=42.36;SR=15.74

In Table 9 the contact mode factors wl to wo is sequenced to represent: (mesh id18 in
mode 1), (mesh id18 in mode 2), (mesh id18 in mode 5), (mesh id33 in mode 1), (mesh
1d33 in mode 2), (mesh 1d33 in mode 5). The inclusion of the another mesh configuration
further reduced the value of Cri indicating that the simulated parameters are very close to
the parameters obtained in the field (Table 8). When plotting retention data (Fig. 7) the
similarity between simulated results (squares) and field data (triangles) is evident.

Fig. 7 plots the best ranked combination of Table 9 against the experimental dataset.
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Fig. 7

These results are very convincing but it is clear that a better set penetration data based on
a large number of Nephrops having higher resolution in length classes is needed before
we try to refine the analysis further.
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Main experiments.

Based on the pilot experiment we decided to base to main experiment on contact modes
1, 2 and 5 only while we increased the number of meshes to 160. Table 10 shows the
mesh data using the syntax for mesh description used in the FISHSELECT software tool.

Table 10

ID=1;Type=D;m=70;0a=15;ID=2;Type=D;m=70;0a=20;ID=3; Type=D;m=70;0a=30;1D=4;Type=D;m=70;0a=35;
ID=5;Type=D;m=70;0a=40; ID=6;Type=D;m=70;0a=45;ID=7;Type=D;m=70;0a=50;ID=8; Type=D;m=70;0a=55;
ID=9;Type=D;m=70;0a=60;ID=10;Type=D;m=70;0a=65;ID=11;Type=D;m=70;0a=70;ID=12;Type=D;m=70;0a=75;
ID=13;Type=D;m=70;0a=80;1D=14;Type=D;m=70;0a=85;ID=15;Type=D;m=70;0a=90;ID=16;Type=D;m=80;0a=15;
ID=17;Type=D;m=80;0a=20;ID=18;Type=D;m=80;0a=25;ID=19; Type=D;m=80;0a=30;ID=20; Type=D;m=80;0a=55;
ID=21;Type=D;m=80;0a=85;ID=22;Type=D;m=90;0a=15;ID=23; Type=D;m=90;0a=20;1D=24; Type=D;m=90;0a=25;
ID=25;Type=D;m=90;0a=30;ID=26;Type=D;m=90;0a=35;ID=27; Type=D;m=90;0a=40;ID=28; Type=D;m=90;0a=45;
ID=29;Type=D;m=90;0a=50;1D=30;Type=D;m=90;0a=55;ID=31;Type=D;m=90;0a=60;1D=32; Type=D;m=90;0a=65;
ID=33;Type=D;m=90;0a=70;ID=34;Type=D;m=90;0a=75;ID=35; Type=D;m=90;0a=80;ID=36;Type=D;m=90;0a=85;
ID=37;Type=D;m=90;0a=90;1D=38; Type=D;m=100;0a=20;ID=39; Type=D;m=100;0a=55;1D=40;Type=D;m=100;0a=85;
ID=41;Type=D;m=110;0a=20;1D=42;Type=D;m=110;0a=55;1D=43;Type=D;m=110;0a=85;1D=44; Type=D;m=120;0a=15;
ID=45;Type=D;m=120;0a=20;ID=46;Type=D;m=120;0a=25;ID=47;Type=D;m=120;0a=30;ID=48; Type=D;m=120;0a=35;
ID=49;Type=D;m=120;0a=40;1D=50;Type=D;m=120;0a=45;ID=51;Type=D;m=120;0a=50;ID=52; Type=D;m=120;0a=55;
ID=53;Type=D;m=120;0a=60;1D=54;Type=D;m=120;0a=65;ID=55;Type=D;m=120;0a=70;ID=56;Type=D;m=120;0a=75;
ID=57;Type=D;m=120;0a=80;ID=58; Type=D;m=120;0a=85;ID=59; Type=D;m=130;0a=20;ID=60; Type=D;m=130;0a=55;
ID=61;Type=D;m=130;0a=85;1D=62;Type=D;m=140;0a=20;ID=63;Type=D;m=140;0a=55;1D=64; Type=D;m=140;0a=85;
ID=65;Type=D;m=160;0a=15;1D=66;Type=D;m=160;0a=20;1D=67;Type=D;m=160;0a=25;ID=68; Type=D;m=160;0a=30;
ID=69;Type=D;m=160;0a=35;ID=70;Type=D;m=160;0a=40;ID=71;Type=D;m=160;0a=45;ID=72; Type=D;m=160;0a=50;
ID=73;Type=D;m=160;0a=55;1D=74;Type=D;m=160;0a=60;1D=75;Type=D;m=160;0a=65;1D=76;Type=D;m=160;0a=70;
ID=77;Type=D;m=160;0a=75;1D=78; Type=D;m=160;0a=80;1D=79; Type=D;m=160;0a=85;ID=80; Type=D;m=180;0a=15;
ID=81;Type=D;m=180;0a=55;ID=82;Type=D;m=180;0a=85;ID=83; Type=D;m=200;0a=15;ID=84; Type=D;m=200;0a=55;
ID=85;Type=D;m=200;0a=85;ID=86;Type=S;b=100;1D=87; Type=S;b=90;1D=88; Type=S;b=80;1D=89; Type=S;b=70;
ID=90;Type=S;b=60;ID=91;Type=S;b=50;ID=92; Type=S;b=40;1D=93; Type=S;b=35;1D=94;Type=S;b=30;
ID=95;Type=R;b=90;a=10;ID=96;Type=R;b=90;a=15;ID=97; Type=R;b=90;a=20;ID=98; Type=R ;b=90;a=30;
ID=99;Type=R;b=90;a=50;1D=100;Type=R;b=90;a=70;ID=101;Type=R;b=120;a=10;ID=102; Type=R;b=120;a=15;
ID=103;Type=R;b=120;a=20;ID=104;Type=R;b=120;a=30;ID=105;Type=R;b=120;a=50;1D=106;Type=R;b=120;a=70;
ID=107;Type=R;b=200;a=10;ID=108; Type=R;b=200;a=15;ID=109; Type=R;b=200;a=20;ID=110;Type=R;b=200;a=30;
ID=111;Type=R;b=200;a=35;ID=112;Type=R;b=200;a=40;ID=113;Type=R;b=200;a=45;ID=114;Type=R;b=200;a=50;
ID=115;Type=R;b=200;a=60;1D=116;Type=R;b=200;a=70;1D=117;Type=H;b=50;k=100;0a=145;
ID=118;Type=H;b=50;k=100;0a=130;ID=119; Type=H;b=50;k=100;0a=105;ID=120; Type=H;b=50;k=100;0a=90;
ID=121;Type=H;b=50;k=100;0a=60;ID=122;Type=H;b=50;k=100;0a=40;ID=123;Type=H;b=15;k=30;0a=145;
ID=124;Type=H;b=15;k=30;0a=130;1D=125;Type=H;b=15;k=30;0a=105;1D=126;Type=H;b=15;k=30;0a=90;
ID=127;Type=H;b=15;k=30;0a=80;ID=128; Type=H;b=15;k=30;0a=60;ID=129; Type=H;b=15;k=30;0a=40;
ID=130;Type=H;b=17.5;k=35;0a=145;ID=131;Type=H;b=17.5;k=35;0a=130;ID=132;Type=H;b=17.5;k=35;0a=105;
ID=133;Type=H;b=17.5;k=35;0a=90;1D=134;Type=H;b=17.5;k=35;0a=80;1D=135;Type=H;b=17.5;k=35;0a=60;
ID=136;Type=H;b=17.5;k=35;0a=40;1D=137;Type=H;b=20;k=40;0a=145;ID=138; Type=H;b=20;k=40;0a=130;
ID=139;Type=H;b=20;k=40;0a=105;ID=140;Type=H;b=20;k=40;0a=90;ID=141;Type=H;b=25;k=50;0a=145;
ID=142;Type=H;b=25:;k=50;0a=130;1D=143;Type=H;b=25;k=50;0a=105;1D=144;Type=H;b=25;k=50;0a=90;
ID=145;Type=H;b=30;k=60;0a=145;ID=146;Type=H;b=30;k=60;0a=130;ID=147;Type=H;b=30;k=60;0a=105;
1D=148;Type=H;b=30;k=60;0a=90;1D=149; Type=H;b=30;k=60;0a=80;ID=150; Type=H;b=30;k=60;0a=70;
ID=151;Type=H;b=30;k=60;0a=60;1D=152;Type=H;b=30;k=60;0a=40;ID=153; Type=H;b=35;k=70;0a=145;
ID=154;Type=H;b=35:;k=70;0a=130;ID=155;Type=H;b=35;k=70;0a=105;ID=156;Type=H;b=35;k=70;0a=90;
ID=157;Type=H;b=40;k=80;0a=145;ID=158; Type=H;b=40;k=80;0a=130;ID=159;Type=H;b=40;k=80;0a=105;
ID=160;Type=H;b=40;k=80;0a=90;

Fig. 8 shows a photo of the mesh plates.

A8 12




Fig. 8

In total we analyzed 70 individuals yielding a total of 3x70x160=33600 penetration
results. Fig. 9 shows the length distribution of the Nephrops used in the main experiment.

= Population Structure

HEE
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400 500

Length (1/10 mm)

Fig. 9

As we also wish to link mesh penetration to the morphology of Nephrops we have
identified different morphological measures besides length, sex and weight. We acquire
these by use of a small Mechanical MorphoMeter and the flatbed scanner. Some of the
measures are read directly from pictures obtained by placing the Nephrops directly on the
scanner. Thus for each of the 70 Nephrops we made 7 scans. Two of the scans included
using the mechanical MorphoMeter and were directly linked the decisive cross sections
for contact modes 1 (Fig. 10) and 5 (Fig. 11).
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Fig. 11

Fig. 12 shows scannings of Nephrops made without the MorphoMeter.
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Fig. 12

The main experiment was carried out within this project. But we were not able to conduct
the analysis of the data within the limits of the project.

Discussion.

The analysis of the main experiment data shall include rerunning the analysis of Table 7
to 9 because more confidence can be gained on results based on the more extensive
penetration data set. The analysis shall also include comparisons with other results from
experimental fishing in order to gain a better foundation for the level of importance of the
different modes. Hopefully, these analyses will confirm that using combinations of
contact modes 1, 2 and 5 can explain experimental results obtained for other gear designs.

It is expected that between haul variation is high for this species as the selective
properties of the codend is partly determined by its geometry and Nephrops tend to pack
if there are no or very few round fish in the catch and this will affect codend geometry.
The combination of species in the specific haul is therefore expected to contribute to the
between haul variation. Another source of variation is found in cases where analysis is
based on few individuals coursed by use of sub-sampling or low catch rates. We will
attempt to estimate this variation by varying in the level of importance of the three
contact modes between hauls.

Based on the data in the main experiment, prediction on the size selective properties of
different nettings with respect to Nephrops can be made in two ways:

1) As in the pilot study where we do not link analysis to cross section morphology;

2) As in the analyses of fish species in FISHSELECT where we do link it to cross section
morphology.

The latter will, if successful give a method that is more general and more robust with
respect to extrapolation. It will also provide the deepest inside with respect to gain of
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knowledge about basic size selective mechanisms for Nephrops. On the other hand the
first is simpler and less time consuming to carry through.
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A SHORT GUIDE

TO
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FISHSELECT SOFTWARE TOOL



Introduction

This manual gives a short overview of the facilities implemented in the FISHSELECT
software tool. It shows the different windows in the tool and how to navigate between
them. It also briefly describes what the different windows can be used to do. The
software tool is implemented using the development tool Delphi from Borland Software
Corporation. FISHSELECT software tool can be run on a powerful personal computer
having a Microsoft Windows operating system.

Briefly, FISHSELECT is a methodology to assess the morphological conditions
for different species of fish and crustaceans relevant in the process of mesh (and grid)
penetration in towed fishing gears. It is based on a combination of laboratory experiments
with freshly caught individuals, data collection, data analysis and computer simulations.
The FISHSELECT software tool supports all these tasks.

The four main elements (a to d) in the FISHSELECT methodology are described below.

a. Laboratory experiments and data collection.
Length and weight are recorded for each individual. Cross sections that
potentially could influence the ability of the species to penetrate meshes or grids
are recorded with regard to shape and size. This is done by use of a specially
designed mechanical tool (MorphoMeter), scanning with a flatbed scanner and
digital image analysis. Based on different geometrical shapes, the cross sections
are automatically described by a few parameters. The values of the parameters are
linked to the length of the individuals by applying regression analysis. All data are
recorded and analysed in the FISHSELECT software tool.

Template plates with holes imitating a large number of different meshes are used.
For each individual it is tested and recorded whether or not it can pass through a
given mesh. Fish are always oriented head first and pulled by the force of gravity
alone.
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b. Simulation of laboratory experiments on mesh penetration.
By use of built-in facilities in the simulation tool, the experimental morphological
descriptions of the cross sections and information about the mesh holes are
combined and this feature enables a simulation of the experimental penetration
experiments. The model facilities allow inclusion and exclusion of different cross
sections as well as different ways to account for compression or distortion of the
cross sections during the penetration attempts.
Subsequently, the tool is used to compare the experimental results with the
corresponding simulated results. The same set of fish is run through a series of
simulations using different combinations of cross sections and different
compressions/distortions. This procedure enables the user to identify the cross
sections most important for mesh penetration of the given species. Furthermore,
this procedure improves the understanding on how and to what extent these cross
sections are compressed or distorted during penetration.

frsiaes
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In this way, it is established which cross section information to use and how to
use these to simulate penetration through any mesh for the species being studied.
These informations are compiled in what is called the penetration model.

c. Establishment of morphological relationships
There is a built-in functionality to describe the relationship between fish length
and the parameters describing the cross sections and fish length. The output
contains the fit statistics and variance of the parameter values.




Morphological relationships

This information can then be used to construct a virtual population of the species
having similar morphological characteristics with respect to mesh penetration
ability as the fish tested experimentally. The between-individuals-variation in the
relationship between length and the parameter values describing the cross sections
shapes and sizes will also be included in the virtual population.
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Estimation of basic selectivity of netting panels

Data for the virtual population of fish and data for mesh panels of interest are
combined to make a new series of simulations with the established penetration
model. The built-in functionality enables the user to estimate the basic selective
properties (selection curves) for the selected netting panels for the species being
studied. For a specific panel, it also enables a prediction of weather or not there is
a reasonable balance between the selective properties of the netting panel and the
minimum landing size (MLS) for the species.
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Thus if information on the large scale population structure of a species is available for a
particular fishery, the built-in functionality gives a first indicative prediction of the
consequences on discard / loss of marketable fish, of using the netting panel in
combination with the chosen MLS.
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Table 1 contains a list of the different windows in FISHSELECT tool and on which page
in this manual they are shown and described. To ensure the functionality of the program,
the order of filling in values, should follow the order of the list below.

Window Page
Main 7
Mesh list 8
Mesh shape 10
Fish list 11
Fish edge 12
Fish shape fit 13
Fish parameters 14
Fish size structure 15
Penetration model 16
Single simulation 17
Simulation detail 18
Multiple simulation 19
Simulation results matrix 20
Experimental results penetration 21
Experimental results matrix 22
Compare simulation and experimental penetration results 23
Compare results matrix 24
Multiple penetration models simulation 25
Combine cross section simulations 26
Compare multiple combinations models 27
Retention estimation 28
Combine retention data 29
Compare selection estimates 30
Design guide 31
Compare experimental penetration results 32
Export data 33
Settings window 34
Color dialog 35

A9



Main Window.

(=] q

F= FisHSELECT

Settings M.Escape M D. Guide GO ERELH | Combine Mul | Export
Mesh List Fish List Escape Model|  Single Sim | Multi Sim | Exp. Res Compare Fietention C | Discand loss | Multi DL View ComhineSim | ..... Close

When starting FISHSELECT from Microsoft Windows the Main Window shows up.
The user controls what goes on in FISHSELECT by using the mouse to activate the

buttons in the lower part of the window.
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Mesh List window

MeshList Form EB}

1D=1Type=0:m=77 69:0a=30.64; ~ Mesh Type
: (8 Diamond
" Square
" Rectangle

(" Hexagonale

jID=1 8;Type=D;m=100.78;0a=19.87;

e Dim ()

Updat dd
i : 2010

Insert Femove

Open Fils m!’ Sawve PointList

Short Mesh List

Scale hig mesh image

Mesh Shape Big Mesh 200

< >

=al B g AddTo Short|  Clear Shart
1D=51.Type=D:m=153.03:0a= 3
ID=52:Type=D:m=160 76:00=56.13; | | IR i

¢ > Close

Access: from Main Windows by clicking on the Mesh List button.

Use the Mesh List Window to define the different mesh shapes and sizes used in the
experiment in the laboratory and/or in the simulations.

A special syntax language and an associated interpreter for the syntax has been developed
and implemented in the software tool. The list is saved in a text-file format with the
extension MLF (Mesh List File) and data are thus accessible outside the program.

Four mesh types are implemented: D (Diamond), S (Square), R (Rectangle), H
(Hexagonal). Mesh type is selected by setting the appropriate radio button in the Mesh
Type Panel. Use the buttons Update, Add, Insert, Remove, Clear to define the mesh
list. Use button Open File to open an existing Mesh List File. Use button Save File to
save the current mesh list to a MLF file.

The Short Mesh List Panel makes it possible to select a subset of meshes from the
current mesh list. It is possible to run simulations in the Multiple Simulation Window
for that subset only instead of for the full list. Use button Add To Short to add the
marked mesh in the full mesh list to the short list. Use button Remove Short to remove
the marked mesh in the short mesh list from the short list. Use button Clear Short to
clear the short list.
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Use button Mesh Shape to access the Mesh Shape Window.
The button Big Mesh automatically saves a JPG-picture of the marked mesh in the mesh
list.
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Mesh Shape Window

S MESH SHAPES QSJ
Iarks
Open

Shape fit

SOUARE
RECTAMNGLE
HERAGONALI

[~ Showfit [v PaF
Fit Result

Type: DIAMOND
rri: 67,48

oa: 5665

per. 13497
mean dif: 0.16
rax dif - 0.41

CSF list

Pict Save

Pict. Scale (mm/pixel)x;y ~Fied scale CSF List Contral

rean dit mean=7?777?5d=7777?7
029016 . [029018 | | [ Scalefixed |3-5396E0 Ol A FEhie | Eey ‘ Add ‘ Au(uAdd‘ SaveList‘ OpEnLlst‘ S(ﬁtlstu:sll Close

[ it mean=777777.a0=777777

Access: from Mesh List Window by activating button Mesh Shape.

If measured shape data for a mesh have been saved as a set of coordinate points (x,y) in a
file complying with the MKS (MarKS file) format like that generated in the Fish Edge
Window, the file can be viewed as X,y points (the red crosses) in this window. In the
Shape fit Panel select the mesh type to try to fit to the coordinate points. The main result
from the fit is shown in the Fit Result Panel. In the example above a diamond shape is
fitted to the points. Mesh size m is found to be 67.48 mm and the opening angle oa to be
56.65 °. The mean difference between the points and the fitted diamond shape is 0.16 mm
while the maximal difference is found to be 0.41 mm. The fitting procedure is based on a
least square technique.

When opening a MKS file, the screen view is automatically scaled to optimum size. If
one wants to compare MKS files of meshes of different sizes this may be impractical.
The automatic scaling can be disabled by checking the checkbox Scale fixed.
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Fish List Window

FishList Form

TRWW 82 42w
TR =87.1 6wt
TR =78, 6%
TR =891 50w
TRow =84, 32w
TRow=71. 86w
TR =87.92:w
TR =82, 850w
TR =67.66:w
TR =76.53w
TPRow=103.

TR =82, 64wt
TR =84.1 0wt
TP =96.62:w
TP =85.500w
TR =78, 46w

<

=33PWE=328*Type=ATRow =G4, 79 w2 26.60:h=2364:2=26.73:9=211 39 Type=ATRuwl =125.05:w2=17.67:F A

Powl =125.67:w2=3010:
Powl=121.21:w2=38 52
Powl=108.99:w2=34.31:f
Powl=121.15:w2=26 4(0:F
Powl=113.75:w2=44.23:
Powl =109.08:w2=42 33
Powl=116.54:w2=2058:F
Powl =124 68:w2=20.06:
pe=ATRwl=104.88w2=30.45
i 41

=241.06*Type=ATRw] =117 73w2=16.16
=206.62*Type=ATRwl =122 20:w2=29.03
=236.79*Type=ATRwl =118 65w2=34.29
=192.81*Type=ATRwl =102 36:w2=30 42
=221.19*Type=ATRwl =129.24w2=33 65
=205.685*Type=ATRw] =105 97.:w2=30.73
=175.76*Type=ATRwl =102 95:w2=30 68
=238.47*Type=ATRowl =126 86:w2=30.33
=199.28*Type=ATRuw] =94.25:w2=25.65:1
=163.72*Type=ATRuw] =03 60:w2=24.12:H

=ATPowl =108 69wl2=22 93

32:g=235 58 Type=ATRw1=123.90:w2=26.19
1.46*Type=ATRowl=100.99w2=3814
5417 Type=ATRow=135.62:w2=48.2
8.7 3 Type=ATRow] =88 57:w2=34.00:f

ID=524 E=1754WE =47*Type=ATRw1 =62.99,w2= WEZBh 12059 1451 (=126 76:*Type=ATRw1=70.83w2=11 95:h= ¥

>

Length fmm)

370

Meight (o)

432

Cross Section 2
(" MNone

(" Ellipse
(" HaltEllipse
(" Triangle
(" Trapetz
® As Trapetz

bl T

L OX

Cross Section 1

(" Ellipse
(" Hali Ellipse
(" Triangle
(" Trapetz
® As Trapetz

Type=ATRwl =108 52:we=34.15:h=26.34:e=1

Cross Section 3
" Mone
(" Ellipse
(" HaltEllipse
(" Triangle
(" Trapetz
® As Trapet

P il )

Type=ATRwl=14112w2=27 52:h=24.27.e=4 ‘TypE:ATR,W] =162 B5w2=3173:h=22.48:e=6

Upilate ‘ Add |

Clear Insert

‘ Remave ‘

Previous MNext

|Set4Prevwnus‘ Set+MNext ‘

List Zet Cross Section Yalues

®CS1 setFie | [ Ao Swep

Con. List

cs2
SetMone [ (1) e
C33
bane Fish Dirn ()
Fish Edge ‘ Shape fit | Fish Par | Fish Struct. ‘ 201.0
Open File | Save File | Close |

Access: from Main Window by activating button Fish List.

Use the Fish List Window to organize a list of different individual fish definitions used
in the experiment in the laboratory and/or in the simulations.
A special syntax language and an associated interpreter for the syntax has been developed
and implemented in the software tool. The list is saved in a text-file format with the
extension FLF (Fish List File) which makes data accessible outside the program. Use the
buttons Update, Add, Insert, Remove, Clear to define the mesh list. Use button Open
File to open an existing Fish List File. Use button Save File to save the current fish list to

a FLF file.

Parameters defining shapes and sizes of up to three different cross sections (CS1, CS2,
CS3) can be included for each fish. The parameters of the cross sections are obtained in

the Fish Shape Fit Window.
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Fish Edge Window

E EDGEDETECT IN FILE: C:\Documents and Settings\bhe\Desktop\paper Plaice\plaice\fish1\s0003.jpg l_j@‘z‘

Intensity Object
§ [ Intensity BackGr.

B .CenlerMark(Ky)

¥
% delta Int (0.1-0.9),
0.3

| [ Mask Size-
5
[ Small Dist B

100

Paint Dist [mm]

Point 1 Point2

Picure | Pict Save

Marks
Save Save As

Calmark 2 Close ‘

Obiject ‘ EackGrnund‘ Zoorm out | Edge round ‘ Edie flat ‘ Small DistE ‘ Man. Add | Delete | Clear | Calmark 1

Access: from Fish List Window by activating button Fish Edge.

Use the Fish Edge Window to extract the Cross Section outline contour from a scanned
image of the mechanical MorphoMeter by applying the built-in image analysis functions
(buttons Edge round, Edge flat, Small Dist E., Man. Add, Delete, Clear). Click the
button Object and then click the mouse to mark the centre of the object (centre of cross
section). Use button BackGround in the same way to define the background colour
intensity (on the Morphometer Sticks). The detected contour is marked by the red crosses
(Marks). Data are saved in a text-file with extension MKS and can be accessed from
other programs as well. Remember to calibrate the pixel to mm relation by using the
calibration marks in the picture together with the facilities in the window.
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Fish Shape Fit Window

arks

Open

[4]
i

o

o

@

ELLIPSE
HALF ELLIPSE
TRIANGLE
S TRA
AS TRA

!

| Selected fit |

Pos fit

F1-
-
Pi-
Pa-

[~ Shawft [v PoF

Pict Save
Pict. Scale (mm/pixel) x:y | Fixed scale (CSF List Contral

mean dif. mean=777777,5d=777777
00880z . | 008802 | | [ Scalefxed |-322563 M AuoFishNo  opq ‘ Add ‘ AuIDAdd‘ SaveLls(‘ OpenList‘ Statistu:sll Clase

[max dif: mean=277777.5d=777777

Access: from Fish List Windows by activating button Shape Fit.

Use the Fish Shape Window to fit basic geometrical shapes to the mks-files defining the
fish cross section shape and size.

Five cross section shape types are implemented: ELL (Ellipse), HEL (half ellipse), TRI
(Triangle), TRA (Symmetrical Trapezoid), ATR (Asymmetrical Trapezoid).

The main result from the fit is shown in the Fit Result Panel. In the shown example, an
ellipsoid is fitted to the points. Cross section height (h) is found to be 61.69 mm, width
(w) is 42.83 mm and circumference (g) is found to be 165.51mm. The mean difference
between the points and the fitted ellipsoid is 0.60 mm while the maximum difference is
found to be 1.88 mm. The fitting procedure is based on a least square technique.
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Fish Parameters Window

FishParameters B@@
VWeight versus length Girth versus weight

14004 oo oo Foreeaneeeand L O ———
1.000 -

Girth versus length

e 30—

3001+

900 : ! ! !
800 Ak S =
s 700 E 500 E o0l :
£ 600 =20 E 2004
g 500 = 1504-- e
400 = | 5|
300 1004,

200
1004 oo
sl

0 100 200 300 400

length (mm) weight (g)

Width1 versus length

Width2 versus width1

width1 (mm)

0

length (mm) length (mm)

Height versus length e versus length Section View

(® Section 1 =
Save
" Section 2

" Section 3 Close ‘
Fit Results

D1:Coef=0.00000376:5d=0.00000031.Po=3.1600.R ~
D2:Coef=1.04340263 sd=006376235:Po=0.9300.R
D3:Coef=40.12024171;2d=2.31269053,Po=0.3000;|
Section 1

Type=ATR
D4:Coef=048062183;5d=0.03079266:Po=0.9100R
Db:Coef=0.01260786:5d=0.00228603:Po=1.3400:R
NR-Cagt=N 15111717-ad=1 NNA415A7 Pr=1 4000-A
< b

200
length (mm) length (mm)

Access: from Fish List Window by activating button Fish Par.

Use the Fish Parameters Window to estimate the mean and standard deviation of the
parameters describing the relations between fish length, fish weight and cross section
shape measures.

The example shows plots of the parameters, when asymmetrical trapezoids are fitted to
the cross section measures of Csl (cross section immediately behind the head) for a batch
of plaice. Use the button Fit to estimate the relationships, which are shown in the Fit
Results panel. The plots show the mean relationships (center line) and mean £2 times
standard deviation.
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Fish Size Structure Window

Population Structure

Size Structure (number fish versus length)

number fish

180 200 220

Fish Morphology File (FMF)

320
length (mm)

D1:Coet=0.00000376;5d=0.00000031;Po=31600;R2=0 5 "Weight versus length”
D2:Coet=1.38845840;50=008578828;Po=0 9600;:R2=0 80;"Girth versus length"
D3:Coet=09.60445584:50=3.40005774:Po=0.3100;R2=0.92."Girth versus weight"
Section 1

Type=ATR
D4:Coet=0.48062183;5d
D5:Coet=0.01260766:

0.88:"Wyidth1 wversus langth”
B2:"Width2 wversus length”
DE:Coef=005111717; B4 "Widthe wersus width1"
D7:Coet=0.07347430; 96;"Height versus length"
D&:Coef=012499664:5d=0.01713773;Fo=03400:R2=0 B5."a versus length"
Section 2

Tywpe=ATR

D4:Coef=066935504;5d=0.03414515:Po=08000:P2=0 82;"Width1 versus length”
D5:Coef=0.07190471:¢d=0.01750956:Po=1.0700:R2=0.39"Width2 versus length"
DE6:Coet=0.13908608;50=0.03440302;Po=1.1500:R2=0 3% "Wicth2 versus wicth1"
D7:Coet=0032656986;5d=000226435:Po=1.1300:R2=0 88:"Height versus length"
Di:Coef=0.20438035;5d=0.02390433:Po=0 8200:R2=0 63"e versus length"
Section 3

Type=ATR

D4:Coet=0.72117893:50=004090922;Po=0 8200;:R2=0 52:"Width1 versus length"
ME-™raf=fl AAEAREAT ¢ =N NAANITAT-Dr=n FRAN-DP=N WMAdh 2 s mre e lanethi

<
Qpen FMF

i

|~

Size Structure File (S3F)

rnean Length (rrm) sd length (mm)
Pop1

Pop 2:
Pop 3

Fop 4

TITTS
111]]

Fop &

min. L {mm}: |1 max. L {mm): 2000

Open S5F

Make Struct.

Save 85F

!

Access: from Fish List Window by activating button Fish Struct.
The window is used to check size structure of fish examined in the lab and to create a

virtual population of fish.
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Penetration Model Window

Escapement model : C:\Documents and Settings\bhe\Desktop\paper Plaice\Designguide\Escapement model\plaice fi... |

Fish Crass Saction 1 Fish Cross Section 1 Fish Cross Section 2 Fish Cross Section 3
Section used=Yes £l v W uzes o vsed
Escapement Model=5tiff Escapement Model Escapement Model Escapement Model
Scale Down=0.0
widlth cut of, he=70 ® Siff ®  Stiff (® Stiff
Scale width=0.6 - - 'S
Scale Height=1.0 kel Sl —_

Scale Down (%) Scale Down () Scale Down (%)

Scale width, height Scale width, height

Fish Ci 3 2 Scale width, height
Gl e oy 0.0 06 10 0.0 10 10 0.0 10 075

Section used=No

Escapement Mode|=Stiff

Scale Down=0.0 Wyidth Cut of (%4 of height) Width Cut of (% of height) Widlth Cut of (% of height)
widlth cut of. he=0.0 70 0.0 72

Scale width=1.0

Scale Height=1.0

Fish Cross Section 3

Section used<ves |CSLStiff;SD1=D.D,Cut1=?U;SW1=D.E;SH1=T 0

Escapement Mode|=Stiff
Scale Down=0.0

wicth cut of. ho=22

Scale width=1.0

Scale Height=0.75

|C52_NONE:

|CS3_Stiff:SD3=D.D,Cut3=22:SW3=1 0:5H3=0.75:

Open File Sawve File | Udate Gz

Access: from Main Window by activating button Escape Model.
The window is used to enter the penetration model that is used in the subsequent
simulations. The model is saved as a text file with the extension EMF.
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Single Simulation Window

Single Fish and Mesh Simulation B

Fish Mesh

. S . <

21139 Type=ATRw1=125.05w2=17.87h=23 62:e=47.51:9=305.74" Type=ATF & ID=1:Type=Dim=77 63,0a=30.54; ~
231 91 Type=ATRwl=125.87w2=30.10:h=18 96:2=45.06:g=302.47*Type=ATF ID 2Type Dr:m=78.01;08=55.58;

ID 2"LE 292"\NE 235”Type-ATRw1 BD E4w2 1938h 2283 7
L 31:9=215.11*Type=ATRwl =121 21.w2=38 52:h=20.42:e=41 87:g=291 51:*Type=ATF =3 Type=D:m=80.27,0a=87.01;

D=3 E=304*VE=267*Type=ATRw1 =86.65:w2=20.27:h=22.
D=4 E=265*WE =206 Type=ATRw1 =75.65:w2=22.32:h=20.
ID=5*E=322"WE =31 2*Type=ATRw1 =81 35:w2=28 25:h=24
ID=6*LE=285%WE = 253”I’ype =ATRw1=85 b2w2=35 44:h=21 58,

4B;g=221 78:*Type=ATR:w1=121 15:w2=26 40:h=23 08;2=43
21.64,0=206.26*Type=ATRwl= 113 75:w2=44253:h=1851:2=34

g=333.85 " Type=A 1D=11 Type D m= BEI UE o0a=60.08;
22.95,:6-47.88:0291 12 Type-AT 1D=12Type=D:m=89.76,0a=61.79,
21.38:2=43 80:0=295 B Type=AT 1ID=13.Type=0:m=30.5%,0a-64.7%;
19.96:2=40 46:9=204.76" Type=AT ID=14.Type=0:m=09.26:0a=76.33;
91:g=244.67*Type=AT

ID=12°E=302"WE =247 Type=ATRw1 =38 90:w2=23.72 h=22.95.2=30.1 2:=241 06, Type=ATRowl =117.7302=15.16
ID=13LE=311*WE=276"Type=ATRow] =B2.42:w2=23 74 h=24.23,e=27.93,9=206 62 Type=ATRow] =122.20:w2=28.03
ID=14*LE=301*WE=255"Type=ATRow] =37.15:w2 =26 40.h=22.52,e=30.58,9=235.79* Type=ATRow1 =118.65:w2=34.29
ID=15"LE=261*WE=171"Type=ATRuw! =78 69:w2=25 58h=20.74.e=23.74,g=192 81* Type=ATRow1 =102.36:w2=30.42
ID=16*_E=325WE = 138" Typa=ATRow] B3 15:w2= : B3:0=314.77Type=AT 6

ID=17%_E=285"WE =226" Typa=ATRow] =04 32:w2=20 3 h=21 61.6=25.76,0=205 B5*Typa=ATRw1 =105 87:w2=30.73 31:-26618"Type-AT ) [ID=17Type-Dim-8116:02-69.99;
IM=10% F=9REMAE =17 Toma=A TR =71 AR w?=17 R4 h=7N N1'a=7N 25:A=17F 7E* T mo=ATRwA =102 QR =10 RAh=17 07-0=1 R4 n=244 T7*Tomma=~aT INM=18Tvma=Nm=1MN07A'A==10 A7

Simulation Results
Overall Result Fish Cross Section 1 Fish Cross Section 2 Fish Cross Section 3

2 v
FISH_I0=10 [v Pass thraugh ¥ Pass through B Feesilina
MESH_ID=5 <x> e
[EICERN
SF-rzon ST e Gy Scale factor (%) Pass Code Scale factor (%) Pass Code
E— 11619 [+ 100 [? 72.90 [
I

<= =

Details Details Details
| Simulate [v FindScaleCh Close ‘

Access: from Main Window by activating button Single Sim. Can also be accessed
through: Multiple Simulation Window, Simulation Result Matrix Window, Compare
Simulation and Experimental Penetration Result Window, Compare Result Matrix
Window.

The window is used to test penetration of one fish in one mesh by use of the penetration
model shown in the penetration model window.
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Simulation Detail Window

= =

A@

Ficure Scale

130

Cross section 3 attempt details for fish 10 in Mesh 8 D@

scale = 6643

scale = 72,40

Save

Close

Access: from Single Simulation Window by activating button Details.
The window illustrates the scaling needed to:

- fit the original cross section to the mesh (upper row)

- fit the cross section compressed according to the penetration model, to the mesh

(middle row)

Bottom row illustrates the effect on the cross section of compression, cutting and
downscaling.
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Multiple Simulation Window

Multi Fish and Mesh Simulation

PASS=MNO:SF=87 41.AF=0;
PASS=MN0;5F=9534 AF=0;
PASS=MN0;5F=56.25:AF=0;
PASS=NO0:5F=72 92, AF=D0;
PASS=NOSF=77.08.AF=0;

Distribution Scale Factor

750

number

504--

‘ ‘ 1 T O O S
40 60 80 100 120 140 160 180 200 220 240 260 280 300
Scale Factor

PASE=NO;SF=72.82:AF=
2:PASS=YES: SF=154 BY:A]
3. PASE=YES SF=167 1A

| Use Short meshList

Simulate

- Save File ‘ SaweAsEx

Sim. Matrix Close

= Open =

Access: from Main Window by activating button Multi Sim.
The window is used to test all fish in all meshes using the penetration model shown in the
penetration model window. Results can be saved as a text file with the extension MSF.
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Simulation Results Matrix Window

®
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=
3
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3
E
A
(3]

Mesh Gr 1 ‘ Mesh Gr 2 ‘ Mesh Gr 3

MESH ID
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FZZZEZZ2Z 22222222 2> 222222 22> 2 RAZZZ22HZZ
> ZZZZZZ2Z 2222222222 22> 2222222222 2ZZZ2 2222
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FISH ID
Fish Gr1
Fish Gr2
Fish Gr 3

Access: from Multiple Simulation Window by activating button Sim Matrix.
The window shows the simulated penetration results obtained in the Multiple

Simulation Window. Y indicates success and N indicates failure. Scroll by clicking the

Mesh Gr or Fish Gr buttons.
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Experimental Results Penetration Window

nts and Settings\bhe\Desktop\paper 1 cod\cod_cleaned.EXR

FISH ID MESH ID
1 1
et SAWE DATAFOR SELECTED MESH AS SIM.F.
 YES ® NO ki Selected MeshID: [
SetVES | SetNO | Set? ‘
m w Make Single | Make Al
Clear | Add Fish | Delete Fish |

Fies. Matrix

Close

Access: from Main Window by activating button Exp. Res.

The window is used to simultaneously enter experimental results. If a fish is able to pass
through a given mesh, the SetYes button is clicked. If it doesn’t pass through the mesh
click the SetNo button. In cases where the result is assessed to be unreliable it should be
entered as a question mark. In the subsequent analyses, question marks will be treated as
missing values. The results can be saved as a text file with the extension EXR.
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Close

IX.

22

Experimental Results Matrix Window
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The window shows the experimental results. Y indicates success and N indicates failure.

Scroll by clicking the MeshGr or FishGr buttons.

Access
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Compare Simulation and Experimental Penetration Results

Window

FISH_ID=1:MESH_ID=6:PASS=NN;5F=77.08:AF=
FISH_ID=1.MESH_ID=7.PASS=NMN;ZF=77.08:AF=0;
FISH_ID=1.MESH_ID=8:PASS=NN;SF=80.03:AF=0;
FISH_ID=1:MESH_ID=0:PASS=NN:5F=55 84 AF=0:

FISH_ID=1.MESH_ID=18:PASS=MNN:5F=56 25:AF=0;

FISH_ID=1.MESH_ID=21:PASS=NN;SF=60 42:AF=0;

FISH_ID=1MESH_ID=24.PASS=NN:5F=E0 42;
FISH_ID=1MESH_ID=256:PASS=NN:5F=77 08 :
FISH_ID=1.MESH_ID=26:PAZS=MN;SF=9316:AF=0;

FISH_ID=1:MESH,

FISH_ID=1MESH_ID=38:PASS=MNN:5F=E0 42:AF=0;
FISH_ID=1:.MESH_ID=41:PASS=NN:5F=72 32:AF=0;

FISH_ID=1MESH_ID=44:PASS=NN:5F=60 42:AF=0;
FISH_ID=1:MESH_ID=45:PASS=MN;SF=85 91.AF=0;

FIRH IN=11FRH D=5 PARR=YY-RF=187 A1-AF=N

FISH_ID=1:MESH_ID=10:PASS=NY;5F=101 39.AF=0;
FISH_ID=1MESH_ID=11:PASS=NY;5F=104.02.AF=0;
FISH_ID=1.MESH_ID=12:PASS=MY:5F=104.77.AF=0:
FISH_ID=1.MESH_ID=13PASS=Y":5F=108 51.AF=0;
FISH_ID=1.MESH_ID=14.PASS=YY:E5F=107 77.AF=0
FISH_ID=1.MESH_ID=15:PASS=YY:5F=108 B1:AF=0
FISH_ID=1.MESH_ID=16.PASS="".5F=107 02:AF=0;
FISH_ID=1:MESH_ID=17.PASS=Y":5F=107 11:AF=0;

FISH_ID=1:MESH_ID=19:PASS=YY:5F=110.77 F:ﬁ,
FISH_ID=1.MESH_ID=20.PASS=YY:5F=120 31.AF=0;

FISH_ID=1.MESH_ID=22.PASS=""Y.5F=120 31.AF=0;
FISH_ID=1:MESH_ID=23.PASS=""v:5F=129 B3:AF=0;

FISH_ID=1.MESH_ID=27:PASS=NY:SF=101.02:AF=0;
ID=28:PASS=YY:5F=112 73:AF=0
FISH_ID=1.MESH_ID=29.PASS=""Y.5F=120 31:AF=0;
FISH_ID=1:MESH_ID=30.PASS="":5F=129 B3:AF=0;
FISH_ID=1.MESH_ID=31.PASS=""¥:5F=132 81:AF=0;
FISH_ID=1.MESH_ID=32:PASS=YY.5F=14219:AF=0
FISH_ID=1.MESH_ID=33.PASS=YY:5F=14219:AF=0;
FISH_ID=1.MESH_ID=34.PASS=YY:5F=142 19:AF=0;
FISH_ID=1.MESH_ID=35PASS=""Y.5F=145 31:AF=0;
FISH_ID=1MESH_ID=36.PASS=""Y.5F=145 31:AF=0;
FISH_ID=1MESH_ID=37.PASS="":5F=142 19:AF=0;

FISH_ID=1.MESH_ID=39.PASS=Y":5F=145 J1.AF=0;
FISH_ID=1.MESH_ID=40.PASS=YY.5F=154 B3 AF=0;

FISH_ID=1.MESH_ID=42.PASS=""Y.5F=154 B.AF=0;
FISH_ID=1:MESH_ID=43.PASS="":5F=167 19:AF=0;

FISH_ID=1.MESH_ID=46:PAZ3=Mv:SF=102.14AF=0;
FISH_ID=1.MESH_ID=47.PASS=YY:5F=120 31:AF=0;
FISH_ID=1.MESH_ID=48.PASS=""Y.5F=132 81.AF=0;
FISH_ID=1.MESH_ID=49.PASS=""Y.5F=145 31.AF=0;
FISH_ID=1MESH_ID=b0.PASS=""v:5F=167 19:AF=0;
FISH_ID=1MESH_ID=51:PASS=""¥:5F=170 31:AF=0;
FISH_ID=1.MESH_ID=52:PASS=Y":5F=179 69 AF=0;

Number

Distribution scalefactor for disagreements

Compare Statistics

e
W
T
CE—

N

S 8638 (97.6

D211 (24%)
mSF = 0.000106
SIS = 0.00672

agyrm = 27.0134

0
I
~
~
I

Scale limit 0.0 %
Scale limit 2.5 %
Scale limit5.0 %
Scale limit 7.5 %

Scale limit10.0 %

88

98
Scale Factor

Disagreements

|||.||||||‘
90 92 9 96

FISH_ID=1.MESH_ID=10;PASS=NY;5F=101.39:4F=0;
FISH_ID=1.MESH_ID=11,PASS=NY'5F=104.02:4F=0;
FISH_ID=1.MESH_ID=12,PASS=NY'SF=104.77:AF=0;
FISH_ID=1.MESH_ID=27:PASS=NY,SF=101.02:AF=0;
FIZH_ID=1.MESH_ID=46:PAZS=MY,SF=102.14:AF=0;

FISH_| MESH_ID=096:PASS=NY,SF=108.14:AF=0;
FISH_| MESH_ID=87.PASS=NY.5F=101.77.AF=0;
FISH_| MESH_ID: B
FISH_| MESH_ID:
FISH_| MESH_ID:
FISH_| MESH_ID:
FISH_| MESH_ID:
FISH_| MESH_ID:

FISH_ID=3MESH_ID=113:PASS="N;5F=58 48:AF=0;

FISH_ID=3MESH_
FISH_ID=4MESH_ID=60.PASS =Y SF=104 48:AF=0):

FISH_ID=EMESH_ID=60;PASS=NY,SF=100.36:AF=0;
FISH_ID=E:MESH_ID=78PASS=""MN5F=55 G4.AF
FISH_ID=E:MESH_ID=113;PASS="YN:5F=96.89:AF=0;

FISH_ID=7.MESH_ID=51:PASS=NY:5F=104 77:AF=D;

FISH_ID=7MESH_ID=104:PASE=NY:3F=102 52:AF=0;
FIZH_ID=8MESH_ID=30:PAZS=NY.SF=100.36:AF=0;
FISH_ID=8MESH_ID=101:PASS=YN;SF=08.77:AF=0;
FISH_ID=8:MESH_ID=108:PASS=YN:5F=53 53:AF=0:
FISH_ID=3MESH_ID=113PASS=YN 5F=58.02:AF=0;
FISH_ID=10;MESH_ID=108:PASS="N;5F=96 B1:AF=0;
FISH_ID=11:MESH_ID=62:PASE="vN:5F=9839:AF=0;

A

00

Number

[ T - ]

Number
e )

102 104 106 108 110

Distribution Fish ID for disagreements

20 40 60
Fish 1D

Distribution Mesh ID for disagreements

20 40 60 80 100
Mesh ID

Savecomf | Savedisf
Comp Matrix‘ " Close |

Access: from Main Window by activating button Compare.
In this window, the simulated results are held against the experimental. It gives an
overview of agreements and disagreements and is used to evaluate the tested penetration
model. The complete comparison file is shown in the left most panel and can be saved as
a text file with the extension CSE. In the compare statistics panel the number of
agreements (Y'Y and NN) and disagreements (YN, NY, ?Y and ?N) are given. The first
letter is the experimental result and the second letter is the simulated result. The
agreements are summed up and shown as the S-value while the summed up disagreement
is given as the D value. To limit the number of shown disagreements in the
Disagreement panel check a scale limit different from 0%. The higher the scale limit,
the bigger the disagreement. This feature is an important tool for data validation. The
disagreements shown in the Disagreement panel can be saved as a text file with the

extension DIS.
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Compare Results Matrix Window

Simulation Results Matrix

MESH ID Mesh Gr 1 Mesh Gr 2 Mesh Gr 3

b ladaleIa [z Ia [a ol lrelialialisliglizhialialon(er [22 [oaloalon [2g (o7 [2alzalan (31 (3231 [ra[selar (2 [3n e lan ]
s B Tl PR AT I I I I I T By 3y B S B ey B I R R Sy ey e Sy e Y IR
N NN T N T T N T N N T A N T NN TN T NPT NN
N N N N NN A N N NN N T N N N N NN NI TN NN
Tl A T o AP A B, BB s, B T s A T B, A B BB b A T o A I B BB B T s I T B RIS B B BB BT
Tl B T o, AP I B, BB, Tl T S A I B I Bt B b B T S B I S IR b, TR S B T B RIS B B IR BT
I I P, P, S IS IS I I, T T, T, T Tl I NI I IS IS I S S N N IS IS IS IR IS Tl I, I I I NI N NS NS S
N N N N N N N N N N N N T NN NI NN TN NN
ol T Tl S T I TS I P, Tl S T T TS I P T, IR I S TIE B I S R R R TS 0 5 S S R
Tl AP T s AT I B IR s, B T s A T B, I B IR b T T S RIS I S BIR  BE TR S BIES TIE  BIE B BE BIR  BE
N N N N L N N N N N NN I NN AN
Pl B, Tl Pl Pl I I P, Tl PP A Tl S I s B, I P, B Tl P A Pl S IR P B Tl S B Tl S I P B M B
Pl B, Tl P I I I, I P S, Pl P A Tl B, I P I, I P B Tl P A Pl s IR P B Tl M A Tl S R R B MRS
T AP T s AP I B, BB s, T T s, AT I B, A, B BB ol B T o BT B BB b, O TR s BT B B B B BB o BT
Tl B T o, AP I B B s, B T s I I B I B BB b B T S B I B BB B, B TR S B I RIS BRI M B
N N N N N N N N N N N N N NN N NI NN N TN N
N N N N NN N N N NN N e S T N N
N T N LN NN N L N N NN T N N N N NN ST SN N TN
Tl B T s AP I B, BB s, B T s A T B, A B BB o B T S B I B, BB b, B T S B T B, B B B IR S BT
Tl B T s AP I B B, T T s A TS B, I B BB b BB T S B I S B b B TR S B T B B e
N NN N N NN N N NN N e e N
Pl I Tl P I I I I S S S S S B, S I S B I R S 5 S e e S e S R Y
I DI D I IR IR S s T T N NI TSI IS IS I I I S SIS N I RIS R R R T 5 S S Y Y NI ey
o I T o AP I B, B, B T S A T B, I B B b B T S B I S I B TR S BT B RIS B IR BT
el B T P A I B, B, B, Tl s A T B I B, B b B T S B I B B, B Tl S B T B I B B IR M B
Pl B, Tl Py I B, I s, Pl P Tl B, I s B, I B, Tl P A Pl B I P I Tl S A Tl S I P B B P
Pl B, Tl Pl Pl B, I s, Tl P s, Tl S I P B, I P, B, Tl P A Pl B I P S Tl S A Tl S S B M
Tl A T o, AP I B, BB b, o Tl o, A T B, A B, BB o, A T o, A I B, BB, B T o B T B, I B BB o
Tl B T o, AP I B, B s, Bl T s, AT I B, I Bt B b, BB T S B I B BB b, B T S 50 S e RIS
Rl 5 BB B I S S e e R S B S B I R S S e Y S e e R
Pl B Tl Py Pl B, I P, Pl PP, A Tl B I P B, I Py B Tl A I B I I, S S 5 S 5 s R e e
AT T M A I S I I ST S 5 S S I S IS B S R 5 S 0y S e S Y Y
AT o AP I B, I, o Tl o A T B I B BB b BB T S B I S BIB ,  TB S  50  r BIR S

A T A RIS I B I B, B T s B T B I B B BB b, B T B I B B B, B T S S 5 S S e B S

A Tl P A I I I P S, Tl P A Tl B I P B, I S B I S I I S S S e S e e R

[~ es A Tl P s Pl I I P, Tl PP A Tl B I P B, R Pl B Tl P A I S IR I B T S 5 S 5 e R
AT o, AP I B, I, o T o A T B, I BB b BB T SRS R I B B b, B T S 50 S e B S
5 00309750y INNINDI NN NN R R SR NN S NI R R R NI S R RIS RN RIS R RIS R 3 e 5 ey e B ey,
A Tl MR A I I I R, I Tl MR S 5 I S B Sy B I R B 5 S ey ey S e Sy e e R e

D2l (24%) A Tl P Ay I I I P S, Tl PP Tl S I s B, Il Pl B, Tl P A I S IR I B Tl MR 5 S 5 5 R
AT T, P AT I TS I T Tl s A Tl TS I P BT R Pl I ST A I T B I I 5 S 5 S S e R

EEREREEEERE
E

EEEEEE

£

FISH ID

Fish Gr1
Fish Gr2
Fish Gr 3

5 and D view

“""l\’l\al\:‘\"\’l\’l\ag\’l\’l_'l
EEEEERREEEEE

Close

Access: from Compare Simulation and Experimental penetration Results Window
by activating button Comp. Matrix.

Matrix view of the comparison of simulated and experimental results. First letter in each
box is the experimental result, second letter is the simulated result. Scroll by clicking the
MeshGr or FishGr buttons.
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Multiple Penetration Models Simulation Window

MultiEscapeMForm

Escapement models

CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffswh0shB0.EMF A
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsicshos1 stiffswh0shB5. EMF
ChDaocuments and Setings\bhe\Desktoph\general penetration modelsyound fish modelshcsTics1 stiffswb0sh70.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesTyesT stiffswhb0sh 25 EMF
CADocuments and Settings\bhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffswhb0sh80.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsieshesT stiffswh0sh85. EMF
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsieshesT stiffswh0sh30.EMF
ChDaocuments and Setings\bhe\Desktoph\general penetration modelsyound fish modelsicsTics1 stiffswb0sh95.EMF
CADocuments and Settingsibhe\Desktopigeneral penetration modelsiround fish modelsiesThosT stiffswb0sh1 00 EMF
CADocuments and Settings\bhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffswhb5shB0.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffswhbshB5. EMF
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsicshes1 stiffswhbsh? 0.EMF
ChDaocuments and Setings\bhe\Desktoph\general penetration modelsyound fish modelsicsTics1 stiffswb5sh75.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesTesT stiffswh5shB0.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffswhbsh85. EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffswhbsh30.EMF
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsicshos1 stiffswhbsh 35 EMF
ChDaocuments and Setings\bhelDesktophgeneral penetration modelsyound fish modelsiesT\csT stiffswhbsh1 00 EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesTyesT stiffsw?0shB0.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffsw? 0shB5. EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffsw? 0sh? 0.EMF
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsiesThosT stiffsw?0sh 75 EMF
ChDaocuments and Setings\bhe\Desktoph\general penetration modelsyound fish modelshcsTics1 stiffsw/0shB0.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesTyosT stiffsw?0sh85. EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffsw? 0sh30.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsieshesT stiffsw? 0sh 95 EMF
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsicsos1 stiffsw?0sh100 EMF
ChDaocuments and Setings\bhe\Desktoph\general penetration modelsyound fish modelshcsTics1 stiffsw755hB0.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesTosT stiffsw?5shB5. EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesThesT stiffsw?5sh? 0.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsieshesT stiffsw?5sh 75 EMF
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsieshosT stiffsw?5sh80.EMF
ChDaocuments and Setings\bhe\Desktoph\general penetration modelsyound fish modelshcsTics1 stiffsw755h85.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesTyosT stiffsw?5sh30.EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsieshesT stiffsw?5sh 95 EMF
CADocuments and Settingsibhe\Desktopigeneral penetration modelsiround fish modelsiesios stiffsw?5eh1 00 EMF
CADocuments and Settingsibhe\Deskiophgeneral penetration modelsiyround fish modelsieshosT stiffswi0shB0.EMF
CADocuments and Settingsibhe\Desktopigeneral penetration modelsiround fish modelsicshosT stiffswi0shbh EMF
CADocuments and Settingsibhe\Desktophgeneral penetration modelsiround fish modelsiesTyosT stiffswi0sh?0.EMF £V

Remove Clear Run Close

Access: from Main Window by activating button M. Escape M.

In order to identify the penetration model that can be used to simulate penetration results
most accurately it is most efficient to run the different cross sections separately. This
window allows the user to run a series of different compressions and cuttings.

The output is a list of all the tested penetration models and their DA values (degree of
agreement).
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Combine Cross section Simulations Window

Combine single CS Simulations

Cross section 1 sim file

v UseC51

Fi|E|C.\Ducumems and Setlings\bhe\Desktop\paper 1 cod\cod_sim_penetrationsicodes1 stiff

CS1 Set C51 Clear

Cross section 2 sim file
v UseCs2

Fi|e|C'\DDcumems and Setingsibhe\Desktopipaper 1 codicod_sim_penetrationsicodes2stiff

CS2 Set C32 Clear

Cross section 3 sim file

[ Use 053

File]

C33 Set C33 Clear

comhbined sim data

FISH_ID=1:MESH_ID=1.PASS=NO:5F=56 25:AF=NN":
FISH_ID=1:MESH_ID=2 PASS=NO:SF=77 0GAF=MNT;
FIZH_ID=1MESH_ID=3PASE=NO:EF=85 81:AF=NY"7:
FISH_ID=1,MESH_ID=4,PASS=NOSF=43.75:AF=NN";
FISH_ID=1;MESH_ID=5,PASS=N0:SF=56.25AF=hN"?;
FISH_ID=1:MESH_ID=6:PASS=NO:5F=72 92:AF=NN":
FISH_ID=1:MESH_ID=7 PASS=NO:5F=72 92.AF=MNT;
FIZH_ID=1MEEH_ID=8PASE=N:EF=77 0GAF=NNT;
FISH_ID=1;MESH_ID=9,PASS=NO;SF=86.41;AF=NY"?;
FISH_ID=1:MESH_ID=10:PASS=N0C;SF=93 41.AF=NY"Y:
FISH_ID=1:MESH_ID=11:PASS=NC:5F=96 82.AF=NY"7:
FISH_ID=1:MESH_ID=12:PAS5=MN0:5F=38 0ZAF=NY'"T;

FIZH_ID=1:MEEH_ID=18:PAZE=MNO:EF=43 FRAF=MNNT:

FISH_ID=1:MESH_ID=21:PASS=MN0;5F=43 75:AF=NMN7:

FIZH_ID=1:MESH_ID=24:PAZE=MN0;SF=56. 25 AF=MNNT;
FISH_ID=1:MESH_ID=25:PASS=N0;SF=60 42.AF=MNNT;
FISH_ID=1:MESH_ID=26:PASS=MNC:5F=77 DB.AF=NY"?:
FISH_ID=1:MESH_ID=27:PASS=MN0:EF=87 4T AF=NY'";
FIZH_ID=1MEEH_ID=28:PASE=MNO:EF=991LAF=NYT;

FIZH_ID=1:MESH_ID=38:PAZE=MN0:EF=56 25 AF=MNT:

Clear ‘ Save ‘

FIZH_ID=1MESH_ID=13:PASE=YES SF=10411AF=YYT:
FIZH_ID=1.MESH_ID=14:PAZE=YES SF=108.23AF=Y"":
FISH_ID=1:MESH_ID=15:PASS=YES;SF=107.7 7. AF=?;
FISH_ID=1:MESH_ID=16:PASS=YES:5F=107 11:AF=Y":
FISH_ID=1MESH_ID=17:PAS5=YES:SF=108.01.AF=Y"T:

FIZH_ID=1.MESH_ID=18:PAZE=YESSF=101.77.AF= "
FISH_ID=1:MESH_ID=20:PASS=YES;5F=120.31:AF="?;

FISH_ID=1MESH_ID=22:PASS=YES SF=112 27.AF=Y"%:
FIZH_ID=1MESH_ID=23:PASE=YES BF=129. 8 AF=YT:

FISH_ID=1.MESH_ID=28:PASE=YES SF=107 45AF= "
FISH_ID=1:MESH_ID=30:PASS=YES;5F=115.36AF="?;
FISH_ID=1:MESH_ID=31:PASS=YES:5F=120.31:AF=Y":
FISH_ID=1MESH_ID=32:PAS5=YES 5F=129.03AF=Y"T:
FIZH_ID=1MESH_ID=33:PASE=YES BF=132 81AF=YYT:
FISH_ID=1.MESH_ID=34:PAZE=YES SF=132 81.AF=Y""T:
FISH_ID=1:MESH_ID=35:PASS=YES;5F=14531AF=?;
FISH_ID=1:MESH_ID=38:PASS=YES:5F=142 1%:AF=Y":
FISH_ID=1:MESH_ID=37:PAS5=YES 5F=14531AF=YT:

FISH_ID=1.MESH_ID=38:PAZE=YESSF=132 81.AF=Y""T:
FISH_ID=1;MESH_ID=40:PASS=YES;5F=154.6%AF="?;

v

Close

Access: from Main Window by activating button Combine Sim.
Simulated results based on the different cross sections can be combined in this window.

This is relevant if the user only needs to compare one or few penetration models for each
cross section. Else see Compare Multiple Combinations Models Window.
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Compare Multiple Combinations Models Window

Combine Multiple Escapemodels : Runindex = 9 of 9 B{E@

CS1 Files CS2 Files CS3Files Main compare Statistics

¥ UsaCs1 e M UseCS2 g ¥ UseCS1 Gl CS1-cs1stiftwb0h100;:CS3=cs3sHf1 .5 - 7902:0= 368,7= 2768NN= 5133:¥N= 235,N= 1237~ [;7N= LmEF=

CS1=csstfi00cut3 C53=codsiff1 0:5= 7830:0= 430:'= 269E:NN= 5134"vN= J0BN'=122,7= [:7N= D

CS1=cs1stfl00 CE3=0s3sliffl 1.5= 7808.D= 452.1'v= 2673 NN= 5135:YN= 331.N'= 121.7= .7N= LS
il | Il J i | LB J Gl | Pl J (CE1=cs 1 stiftwE0h100;CE3=cs st 1eut3. 5= 7610.00= BE0VY = 2340NM= 4670 = G4 NY= 585 7v= (:7N= DmS
C31=cs1stfl00cut} CE3=cs It 1 cutd; 3= 7539,D= 721:v= 203BNN= 4701:¥N= 165:NY= 555:7= 0.7N= 0:mSF
\cs1 5100 M3 53stffl 0MSF CS1=c515t00;CEI=cs3siffl 1 cutd: 5= 7625:0= 736:5v= 2013:NN= 471277 N= 191:N'= 544.7v'= 0:7N= DmSF=-0
\cs1 stif0cuts MSF 53stiff11cut MSF CS1=c51stiftwb0h100:C53=csIsH0NS = 731:0= 842, = 2078;NM= 5240:¥N= 92B:NY'= 15:7= [;7N= lmSF= D
\os1 stifwb0h1 00 MSF 53500 MSF CS1=cs1stfll0cul3 CE3=cs3stfi00B= 7303:0= 957:v'r'= 20B3:NN= 5240:¥N= 841:N'r= 16:7v'= [:7N= [:mSF= 001

C51=ce1stiff00;,CS3=cs3etiff00,5= 7294,0= 966.Y"v'= 2054, MM= 5240; M= 950,MY'= 16,7v'= 0;7N= 0;mSF= 0.00861

< ?

4 > < » < » i Create Clear ‘ Save ‘ Open ‘ [~ True Par Clase

Access: from Main Window by activating button Combine Mul.

This window allows combination of series of different penetration models for all cross
sections. The output lists all combination with a value of disagreement and can be saved
as a text file with the extension MCF.
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Retention Estimation Window

Retention Curve
Length noRet. noTotal WeRetained WeTotal A

Retention Rate

26 0 75 0000 0000

350 8 0000 0.000 .
45 0 3 0000 0021

55 0 75 0000 0075

BE 0 % .00 0168 0.81--
750 9 0000 0258

85 0 @ 0000 0.3% 0.8]--
95 0 87 0000 0581

105 0 54 0000 047 -
15 0 9% 0000 1089 W
125 0 8 0000 1161

135 0 57 0000 1029 = 06
145 0 B0 000D  1.38D b

155 0 72 0000 2025 = h
165 0 60 0000 2133 E

175 0 80 0000 3842 =

185 0 75 0000 3876 204l
195 0BG 0000 3972

206 0 66 000D 4398 e
215 0 9% 0000 7761 :
225 12 117 1133 11181

235 14 78 1514 @133 0.2{ -
245 25 &4 3028 10082

285 32 93 4533 13992 014
265 27 78 4172 12087

275 26 7B 495 13889

285 42 87 825 12118 [ E== T i -
205 35 60 8052 13713 : : : : : : :

308 38 B3 a.419 15.645 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
318 56 &4 16314 zean fish length (cm)

328 50 75 16234 22851

335 1 78 16558 26.442

345 73 98 27 562 37539 150 (5m) SR (om) LS (cm)
35 63 75 26373 3007

d ‘29 o8 ‘E 5 | Zalc disc & losy
365 55 BB 23778 28.446
375 it a0 42 420 43383 Save RD Save Al RD B " . Weight below (ko) Murnber below
5 86 66 35022 35002 [v' Use Fetention Limits

395 68 B9 37819 38362 | |

405 B4 G4 5320 53250 (RO el e
415 105 105 70581 70561 BlgiiElame () malber e
425 87 87 B4143 64149 [ [

435 81 a1 B 472 65472

445 63 63 54.090 54.090 Discard factor weight Discard factar nurmber
45575 75 G991 BRI omb. RO 0
465 51 51 49650 49 650 | |

475 87 a7 90.732 40.732

485 4 84 95 367 95367 Efficiency factor weight Efficiency factor number
495 96 96 113.049 113.049 | |

505 (&1} 1] 74787 74787

515 60 60 §1.060 §1.060 he

Close

Access: from Main Window by activating button Retention C.

A sigmoid selection curve is fitted to data simulated by use of a virtual population, the
mesh under investigation and the penetration model found to predict penetration most
accurately. Click the SaveAlIRD for use when creating the design guide in the Design
Guide Window.
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Combine Retention Data Window

Combine Rentiondata E

RDFiles and YWeight factor Combined retention data:

‘Weight Factor -
RD files TR Length noRet noTotal YWeFetained WeTotal
ingsiihet\Deskiopipaper 1 cochsim Galbraith (m109)cod_m1090A25. RDF 10
ings\ohe\Deskiop\paper 1 codsim Galoraith {m109),cod_m1090A38 ROF | |4’y es 075 0.000 0.000
ings\bhel\Desktop\paper 1 cochsir Galbraith (m108)cod_m1 090450 ADF 35081 0.000 0.000
45 0 3B 0.000 0.021
55 075 0.000 0.075
65 0 96 0.000 0168
750 9% 0.000 0.258
B5 0 4l 0.000 0336
95 0 87 0.000 0561
M5 0 84 0.000 0471
M5 0 9 0,000 1.089
125 0 B8 0.000 1.161
150 &7 0.000 1023
145 0 B0 0,000 1.380
185 0 72 0.000 2,025
15 0 &0 0.000 2133
175 090 0,000 3942
15 0 75 0.000 3676
195 0GB 0.000 3972
0

1133 0.000 4.395
218 0 a6 0.000 l
225 12 1z 1133 11151
235 14 75 1514 8133
245 25 a4 3028 10.092
265 32 49 45633 13.982
265 27 78 4172 12.067
275 28 78 4965 13.989
285 42 a7 G.2158 17.114
2495 35 i} 8.052 13713
305 38 B3 a.414 15.648
315 56 a4 15.314 22971
325 50 75 16.234 22.651
3358 55 78 15.558 26.442
345 73 43 27.662 37.539
365 B3 75 26,373 30.075
365 55 13 23.776 28.448
375 88 a0 42.420 43.383

ank 13 =3 AR N9% AR N0

0.0
Add Femove Clear ‘ Fieset Fact. Clear Update Transfer
Upclate
Open List I Sawve List ‘ Corn Sel Est

< | >

Access: from Retention Estimation Window by activating button Comb. RD.
Selection parameters for series of meshes present in the netting panel under investigation
(e.g. 90 mm diamond meshes with different opening angles) is combined in order to
obtain selection parameters for the entire codend. It is possible to weight the selection
parameters differently. A build in feature automatically tests different combinations of
weighting — click the Com Sel Est button!

The retention data can be fitted to a selection curve by clicking the Transfer buttom and
return to the Retention Estimation Window.
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Compare Selection Estimates

Compare Selection Estimation Results : Runindex=256 of 256

result List Reference Selection Parametar:
w1 =37 Blwa=12 50wi=12 S0wd=37 50, Crim0.01 3702, L60-29 31 :5R=7.06 7
w1=37 50w2=25 00w3=0.00:wd=37 50,Cri=0.014622: 50=28 63:5R=7.05 L5 (em) : 20,00

w1 =2857w2=28 57w3=000:w4=42 86;Cri=0 0147621 50=29.42:5R=7 02 ,7
=42 B6w2=0.000w3=28 57:w4=28 67, Cri=0 0222161 60=29.17.3R=E 85 S G O
il =B0.00w2=0.00:w3=25 00:w4=25.00:Cri=0.026284:L 50=26 42:5R=6 &6
w1 =33.33w2=22.22;w3=11.11wd=33.3%Cri=0.031446,L50-28.97.5R=6.78
w1 =4000;:w2=20.00;w3=0.00:w4=40.00;Cri=0 0336481 50=28.79:5R=7 23

‘Weight Factor Values

w1l =5000:w2=0.000w3=16 67:w4=33.33;Cri=0 0339681 60=26.75:3R=7 23 Minimum 0.0
w1 =33 33w2=16 67:w3=16 67.wd=33 33 Cri=0.034151.L50=29 27.5R=6.77

il =37.50:w2=0.00;w3=25.00:w4=37.50,Cri=0.034406:L50-29.99,5R=6.97 Mexdmum 9.0
w1 =42.86:w2=14.29,n3=14.29,w4=-28.57,Cri=0.035479,L50-28 39.5R-6.80 MNumber levels |4

w1 =40.00:w2=0.00:w3=20.00:w4=40.00;Cri=0.037990;L 50=29.88,5R=7 16

w1=26.00:w2=37 60:w3=0.00:w4=37 60:Cri=0.041 434:L50=29.02:53R=6.71

wi=33.33w2=11.11:w3-22 22:w4=33.33:Cri=0.042023:L50-29.57:5R=6.74 Results Sort Criterier
1 =50.00:w2=18 67:w3=0.00w4=33.33,Cri=0.042150.L50=27.85,5F=7.10 [+ 150
wl=25.00:w2=25 00;w3=0.00:w4=50.00;Cri=0.042929:L 50=30.20;5R=7.08 v SR
wl=28.57:w2=14.29,w3=14.29,w4=42.86;Cri=0.043941.L50=30.19;5R=6.89
ul=3333w2=33 33w3=0.00w4=33 33:Cri=0. 0442681 50=28.37.5R=6.73
1 =20.00:w2=40,00:w3=0.00w4=40,00;Cri=0.050567:L50-29.41.5F= 65
1 =25.00:w2=28 00:w3=12.50wd=37.50;Cri=0.05423%,L50-29.70:5R=6.66
wl=42 86:w2=0.00,w3=14.29:w4=42.66,Cri=0.056845;L50=29.75;53R=7 37
1=42 86:w2=14 28:13=0.00w4=42. 86 Cri=0. 0600081 50=28.97.5R=7 42
url=16.67:w2=33.33w3=0.00w4=50.00;Cri=0.060407.L50-30.47.5R=6.77
1 =33.35w2=18 67:w3=0.00w4=50,00,Cri=0.080791 L 50=29.94, SF=7 36
wl=33.33w2=0.00;w3=16.67:w4=50.00;Cri=0.065700;L50=30.85,5R=7.11
w1=33.33w2=0.00:w3=33.33:w4=33.33:Cri=0.066705:L50=30.18:5R=6 b3
url =37 50ow2=12 50:w3=25.00:wd=25.00:Cri=0.067436:L50-28 80:5R=553
w1 =30.00:w2=20.00:w3=20.00:4=30.00;Cri=0.067651:L60-29.24:5R-6.53 7 7
w1 =30.00:w2=30.00:w3=10.00:w4=30.00;Cri=0.069347.L50-28.70;5R=6.52
wl=37 B0w2=0.00:w3=37 50:w4=25.00;Cri=0.070541;L50=29.48;5R=E 52

wl=14.28:w2=42 66,w3=0.00:w4=42.66,Cri=0.070796;L60=29.66;5R=6 55 Save Res.

url =42 86:w2=28 57:w3=0.00w4=28 57.Cri=0.071122:L50=27 52.5R=6 63

1 =60.00w2=0.00w3=20.00w4=20.00,Cri=0.0736241L50-27.36,:5F=6.67

w1 =20.00:w2=20.00:w3=0.00w4=60,00;Cri=0.079975.L50=31.31.5F=E.95

wl=30.00w2=10.00;w3=30.00w4=30.00;Cri=0.080350,L50=29 78;:5R=6.47

wl=22.22:w2=33.33m3=11.11,wd=33.33,Cri=0.060757.L50=29.32;5R=6.44

1 =66 67:w2=0.000w3=0.00:w4=33.33.Cri=0.081126:L 50=27 33:5R=7.40

url=2857:w2=28 57:w3=14.29:wd=28 57:Cri=0.083041:L50-28 84:5R=5.42

w1 =25.00w2=12 50:w3=25.00wd=37 50;Cri=0.08464 3, 50-30.38:5R-6.51

1 =37.50w2=25,00:w3=12.50:w4=25.00;Cri=0.085440:L50-28.1 3:5R=6.44

w1 =50.00w2=0.00:w3=33.33:w4=16.67,Cri=0.086061;L50=28.08;5R=E.44

wl=28.57:w2=0.00,w3=28.57:w4=42.66,Cri=0.086073;L60=30.97.5R=6 63

1 =40.00:w2=0.00w3=40.00w4=20 00:Cri=0.087175:L50=29.07.5R=6. 39

url=28.57w2=14.29w3=28.57:wd=26.57:Cri=0.089727:L60-29.62:5R-5.39

u1=27.27w2=27 27:w3=18.18wd=27 27:Cri=0.095720: 50=28 97:5R=6.33

wl=20.00w2=20.00;w3=20.00w4=40.00;Cri=0.096468,L50=30 50;5R=6.43

wl=22.22w2=22 22,w3=22 22,wd=33.33;Cri=0.096776,L50=29 92;5R=6.36

w1 =76.00:w2=0.000w3=0.00:w4=26.00:Cri=0.097719.L 50=26 29:5R=5.80

1 =27 27:w2=18.18:W3=27 27:wd=27 27:Cri=0.099840: 50-29 45:5R=6.31

w1 =50.00:w2=25.00:w3=0.00w4=25.00:Cri=0.1010341L50-27.06:5F=6.47

w1=33.35w2=1111:w3=33.33w4-22.22:Cri=0.10151 3L50-29.1 2;5R=6.29

wl=28.57w2=42 86:w3=0.00:w4=28.57,Cri=0.102408;L50=28.06;5R=E.32

w1 =B0.00;:w2=0.000w3=0.00;wd=40 00:Cri=0.102739;L60=28 16;3R=7 63 b Close

MNumnber in result List Stored
20000

Access: from Combine Retention Data Window by activating button Com. Sel. Est.

In cases where the weighting of different mesh configurations e.g. opening angles in a 90
mm diamond mesh codend is unknown, it may be useful to test different combinations of
weightings against selection parameters obtained in field experiments.

It uses the meshes shown in the Combine Retention Data Window. Insert L50 and SR
in the upper right corner and define the levels of weighting that is likely to occur.
Minimum limit should be 0 which opens for the possibility that the specific mesh is
without importance for the grand result. The computing is time consuming and the
number of levels should be kept low.

The generated list is shown in the panel and is prioritized showing the combination of
weighting that results in parameter estimates closests to the ones given.

The prioritization is based on the Cri-value:

. 2 . 2
Cri— simLg, —refl, N simSR — refSR
refl, refSR

where simL50 and refL50 are simulated and reference L50 respectively. The same syntax
is used for SR. For a perfect match with the experimental results (simL50 = refL50 and
simSR = refSR) Cri will be zero.
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Design Guide Window

L OX

17.5k=35:08=165:L50=26 B0:SR=1.02:
17.5:k=35:0a=160;L50=26.51:53F=0.86:

teshlD=10:Type=H:h=17 5:k=35.0a=135.L50=28.59.5R=1.40;
teshlD=11Type=H:h=17 5k=35,0a=130L50=29.21.5R=1.33;
teshlD=12 Type=H:h=17 b:k=38:0a=125:L60=2860;5R=1.23;
MeshlD=13Type=H:h=17 5:k=3500=120;L50=29.60;5R=1.44;
MeshlD=14Type=H:h=17 5:k=35:0a=115:150=29.11:5R=1.70;
teshlD=15Type=H:h=17 5:k=35.0a=110L50=28 58:5R=1 63
teshlD=16Type=H:h=17 5:k=35,0a=105,L50=27 64:5R=1.91;
tdeshlD=17 Type=H:h=17 b:k=35:0a=100;L60=26.92;5R=1.70;

MeshlD=18Type=H:h=17 5:k=35;02=95:L50=26.09;5R=1.61;
MeshlD=19Type=Hh=17 5:k=350a=90:L50=25 46.5R=1.44;
teshlD=20.Type=H:h=17 5:k=35.0a=85:L50=24.47:5R=1.31:
teshlD=21Type=H:h=17 5:k=35,0a=80;L50=23.40;5R=1.21;
teshlD=22 Type=H:h=17 b:k=35,0a="75,L50=22 42;5R=1.55;
MeshlD=23Type=H:h=17 5:k=35;00=70;L00=21.20;5R=1.3%;
MeshlD=24Type=Hh=17 5:k=35:0a=65:L50=20.26:5FR=1.30;
teshlD=25Type=H:h=17 5:k=350a=60:L50=18.97:5R=1.24:
teshlD=26Type=H:h=17 5;k=35,0a=b5,L50=17.86:5R=1.25;
teshlD=27, Type=H:h=17 5;k=35,0a=5b0;L50=16.64:SR=1.10;
MeshlD=28.Type=H:h=17 5:k=35;02=45:L50=15.58;5R=1.20;
MeshlD=29Type=H:h=17 5:k=350a=40:L50=14.19:5R=0.8%;
teshlD=30.Type=H:h=17 5:k=350a=35:L50=12 52:5R=0.85:
teshlD=31Type=H:h=17 5:k=35,0a=30;L50=11.29;5R=0.65;
teshlD=32, Type=H:h=17 5k=35,0a=25,L50=9.75:5R=0.65;

MeshlD=33Type=H:h=17 5:k=35;00=20;L50=0.17;53R=066;

MeshlD=34Type=H:h=17 5:k=35:0a=15:L50=6.47.5R=054;

teshlD=35Type=H:h=17 5:k=350a=10:L50=4.52:5R=0.13;

teshlD=36Type=H:h=20k=40;08=180:L50=29.65:5R=1.31;
teshlD=37 Type=H:b=20,k=40;0a=175L50=29.99;5R=1.26;
MeshlD=38Type=Hh=20k=40;0a=170:L50=3017;5R=1.24;
hrshIN =30 Tuwne=Hh="M"k=4M'nA=1R51 RN=3N 47-5F=1 19"

Save

Close

Access: from Main Window by activating button D. Guide.
The features build in in this window, creates the design guide. The list of L50’s and SR’s
can be plotted as an isoplot. When clicking the Create List button, the program prompts

for one of the retention data files created in the Retention Estimation Window.
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Compare Experimental Penetration Results Window

) (|
Compare Experimental result sets ‘L”ggl
e Disagreements (File] datalisted)
‘C\Documents and Setings\bhet\Deskiopypaper 1 codhood EXR FISH_ID=60:MESH_ID=41.PASS=YES:
setfile
File 2

‘C\Documents and Settings\bhe\Desktopipaper 1 codicod_cleaned EXR

setfile

“Disagreement Analysis

|0f885[||s 1 different

Save Close

Access: from Main Window by activating button Comp. Exp.

In order to validate the penetration experiment a number of fish should repeatedly be
tested. To test whether a change in results happen e.g. as a consequence of degradation of
the fish, the two files listing the experimental results are held against each other.
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Export Data Window

replace * =

; for export

MeshlD=39Twnr=N'm=8"nA=3011 N=2? 24-5R=1 73

MeshlD) 38 Twae TrreAlnac 3000 5N-22 24581 23

Sawve

source File export File
tashlD=1:Type=0:m=70:0a=10;Lb0=8.02;5F=057; A MeshlD;1; Type:Dom; 70,01 0,L50;8.02,5R;0.57; A
teshlD=2Type=0:m=70:0a=15L50=11.06,3F=0.56; MeshlD:2 Type:Dim;70;0a;15:L50;11.06;2R;0.56;
MeshlD=3;Type=0:m=70;08=20;L50=13 59,5R=0.76; MeshlD:3 Type:Dim: 7002 20:L50:13.59:5R:0.78;
MeshlD=4Type=0:m=70:0a=25150=1612.:5R=1.06: MeshlD:4 Type:Dim:70:08:25:L50:16.12:5R:1 06;
MeshlD=5Type=0om=70:0a=30:L50=17 §9.:5R=0.80: MeshlD:5: Type:Com:70:0e 30:L50:17.69: 5 R:0.80:
teshlD=6Type=0:m=70;0a=35Lb0=19.81,3R=1.02; tMeshlD:B Type:Dim: 70 0a:35:L560;19.81;8R1.02;
teshlD=7Type=0:m=70;0a=40;L50=21 35,3R=0.93; MeshlD: 7 Type:Dim: 70 0a;40:L50;21. 35;:8R;0.93;
MeshlD=8;Type=0:m=70;08=45,L50=22 96;5R=1.07; MeshlD:8 Type:Dim:70:0a;45:L50;22.96:5R;1.07;
MeshlD=%Type=0:m=70:0a=50;L50=24 13.5R=088: MeshlD:8; Type:Dim:70:0a;50:L50;:24.13:5R:0 68;
tMeshlD=10:Type=0rm=70:0a=55:150=25.00:5R=0.91; MeshlD:10:Type:Dim:7 0:oa55L50:25.00:5R:0.91:
teshlD=11Type=0:m=7008=60,L560=28.70;3R=1.27; MeshlD; 11 Type.Dim; 70,05, 60,L50,25. 70,51 27
teshlD=12 Type=0:m=70;08=65:L50=28.04;5R=2.05; MeshlD; 12 TypeDim;70,08,65,L50,26.04,5F, 2.05;
MeshlD=13Type=0im=700a=70;L50=26.17,5R=2.45; MeshlD:1 3 Type,Dim:70:oa 70,L50:26.1 7SR, 2.45;
MashlD=14Type=0:m=700a=75:150=25 81.5R=2 35; MeshlD:1 4. Type:Dim:70:0a 75, L50:25 81:5R;2 35
teshlD=15:Type=0:m=70:0a=80:L50=25.30:5R=1.84: MeshlD:15:Type:Dim:7 0oa80L50:25.30:5R:1.69:
teshlD=18Type=0:m=70;0a=85:L560=26.26:3R=1.20; MeshlD; 16 Type.D;m;70,05,85,L50,25. 26,51 210
teshlD=17 Type=0:m=70;08=90,L50=28.08;3F=0.50; MeshlD; 17 TypeDim;70,02,90,L50,26.06,5F,0.90;
MeshlD=18:Type=0:m=00:0a=10:L50=8 84:5R=0.70: MeshlD:18; Type:D:m:AE0:0a;10;L50:8.84:5R:0.70;
MeshlD=18Type=0:m=800a=15:150=12 03;5R=073; MeshlD:13: Type: Dim:G0:0a15:L50;12 03:5R:0.73:
tMeshlD=20:Type=0rm=80:08=20:L50=15.44:5R=1.1k: MeshlD:20:Type:Dim:E00a20:L50:15.44:5R:1.16:
teshlD=21Type=0:m=00;08=25:L60=1770;3R=0.74; MeshlD;21. Type.D:m;80,08,25,L50,17. 70,5, 0.74;
MeshlD=22 Type=0:m=00;0a=30:L50=20.37:3R=1.05; MeshlD;22: Type DimBioa;30:L50;20 37;3R;1 .05;
MeshlD=23Type=0:m=0800a=35:150=22 24:5R=1.0%; MeshlD:23: Type:D:m:B0:0a.35:L50:22 24:5R.1.09:
MashlD=24Type=0:m=80:0a=40:150=24 20:5R=0 55 MeshlD:24. Type:D:m:B0:0a:40;L50:24 20:5F:0.96:
teshlD=25:Type=0rm=80:08=45:L50=25.73:5R=1.22: MeshlD:25:Type Dim:G00a 45, L50:25.73:5R:1.22:
teshlD=26Type=0:m=00;0a=b0;L560=28.64:3R=1.41; MeshlD; 26 Type. D:m;80,0a,60,L50,26 8451 41;
MeshlD=27 Type=0:m=00;0a=b5:L50=28.14:3R=1.25; MeshlD:2? Type DimB0ioa 65:L50;28 14:3R,1 25;
MeshlD=28Type=0:m=0800a=60:L50=28 00;5R=1.31; MeshlD:28: Type:D:m:B0:0a 60;L50:29 00:5F;1.31:
MeshlD=29:Type=0:m=80:0a=65:L50=29.50:5R=2.14; MeshlD:23:Type Dim:B00ab5L50:29.50:5R; 2.1 4:
teshlD=30:Type=0rm=80:08=70:L50=29.80:5R=2.55: MeshlD:30:Type: Dim:E00a 7 0:.L50:29.80:5R; 2.58:
teshlD=31Type=0:m=0008=75:L560=28.16;3R=2.74; MeshlD.31.Type.D:m;80,08,75,L50,29.16,5F,2.79;
MeshlD=32 Type=0:m=00;0a=00:L50=29.14:3R=2.18; MeshlD:32: Type DimBlioa B0:L50;29 14:3R,218;
MeshlD=33Type=0:m=000a=85:150=28 92:5R=1.30; MeshlD:33: Type:D:m:B0:0a 85 L50:28 92:5R.1.30:
MeshlD=34.Type=0:m=80:0a=90:L50=29.68:5R=1.31: MeshlD:34:Type Dim:GB00a90:L50:29.68:5F:1.31:
MeshlD=35:Type=0:m=90:0a=10:L50=9.87.5R=0.70: MeshlD:35: Type: Dim:A00a:1 0.L50:8.67:5R:0.70;
teshlD=38Type=0:m=40;0a=15:L560=13.38;3R=0.6E; MeshlD 36 Type.D:m;90;05,15,L50,13.39,5F, 0.6
MeshlD=37 Type=0:m=900a=20:L50=16.68;3R=1.0%; MeshlD:37: Type Dim: 9002 20:L50;76 6B:3R;1.09;
MeshlD=38Type=0:m=800a=25:150=18 B0;5R=1 2k & MeshlD:38: Type:D:m:A0:0a:25.L50;19 BO:5R;1 26 e

Close

Access: from Main Window by activating button Export.
This feature is used to change the syntax used in all FISHSELECT files into a format

which is easily read in e.g. Microsoft Excel.
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Settings Window

v
Settings g@
Ka 1\-’alue i Set Draw Colors
FighLine Width (shapefi) 1
FishCross Width 2
FishCross half length 5
heshLine Width 1

Access: from Main Window by activating button Settings.
Use this window to change colors in marks and lines.
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Colour Dialog

X

HENEENE B

Custom colors:

Define Custom Colors == ‘

OK Cancel ‘

Access: from Settings Window by activating one of the colour buttons.
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Note on mesh templates and nettings.

To investigate the morphological conditions for mesh penetration it is important that the
mesh shapes used in the fall through experiments reflect meshes encountered in
connection with cod-end selection for nettings in use today in or future trawl fisheries.
Due to drag forces caused by the catch build-up in the cod-end are the mesh bars, which
are not perpendicular to the towing direction, non-deformable for the fish. The softer fish
cross section can however deform during a mesh penetration. Therefore the
FISHSELECT methodology is mainly based on using mesh shapes which are non-
deformable called stiff meshes. The justification for this approximation is described in
detail in the FISHSELECT methodology (appendix Al). One practical benefit from using
stiff meshes in the fall through experiments is that they are more well-defined compared
to more flexible and deformable meshes. Thus establishing the species dependent
conditions for mesh penetrations based on the fall through experiments, morphological
description of the fish and geometrical description of the mesh is less complex.

To emulate stiff trawl meshes we for most of the experiments carried out in this project
used 5 mm water-resistant cardboard plates (500 mm times 700 mm). With a sharp knife
and a ruler we manual cut out the holes in the plates to emulate different diamond,
square, rectangle and hexagonal shapes meshes of different sizes (Fig. 1). The edge of the
mesh holes were strengthened with “Dock-tape”.

Fig. 1.

To handle the plates in the fall through experiments a special table for the plates was
designed and produced (Fig. 2).
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Fig. 2.

During the first series of experiments (Cod and Plaice) mesh plates with a total of 118
different stiff mesh shapes were used. This was later extended to 132 (Sole, Lemon Sole,
Turbot and Haddock). One problem with the cardboard-plates were that due to the lack of
stiffness in the material the density of meshes on each plate were limited which resulted
in many plates were necessary to cover a reasonable amount of different mesh sizes and
shapes. A consequence of this was an increased handling of the plates during the fall
through experiments. Further is the production accuracy of the manually cut holes lower
than machine made ones. This was somewhat compensated by measuring the manually
cut holes (see later). Wherefore, for the last experiments (Nephrops) a new set of mesh
plates (Fig. 3) was designed and produced in PE-plates in a computer controlled water-
cutting machine. The number of mesh holes was then increased to 160 but the number of
plates reduced from 21 to 7.
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Fig. 3.

To get a precise measure of the actual size and shapes of the mesh holes in the plates was
a measuring technique was developed. It consisted of first scanning each mesh hole using
a flatbed scanner in 300 times 300 dpi. Having pre-calibrated the relationship between the
size of pixels in the resulting scanning pictures and the geometrical measures in mm the
scanned images could be used as basis for assessing the actual size and shape of the mesh
holes. An image-analysis functionality was build into the FISHSELECT software tool
which enabled acquiring the edge of the mesh hole inform of a series of points around the
edge. Fig. 4 demonstrates this.
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Fig. 4 scanned mesh digitized edge

Further a functionality to fit different basic mesh shapes to the edge-points using a least-
squares technique was implemented in the software tool. In this way the parameters
describing the different mesh holes best could be identified. Fig. 5 shows this for a
diamond mesh identifying the mesh by: m = 98.20 mm (mesh size); oa (opening angle) =
56.28 degree; max dif=1.22; mean dif = 0.23.

Fig. 5.

Table 1 contains the result of applying this method for all the 132 mesh templates in the
extended cardboard set.
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Table 1.

ID=1;Type=D;m=77.69;0a=30.54;ID=2;Type=D;m=78.01;0a=55.58;1D=3; Type=D;m=80.27;0a=87.01;
ID=4;Type=D;m=88.20;0a=25.8;1D=5; Type=D;m=88.47;0a=30.92;1D=6,; Type=D;m=88.80;0a=37.32;
ID=7;Type=D;m=88.35;0a=39.69;1D=8; Type=D;m=88.71;0a=45.85;1D=9; Type=D;m=89.75;0a=50.1;
ID=10;Type=D;m=89.26;0a=57.29;ID=11;Type=D;m=90.05;0a=60.08;1D=12;Type=D;m=89.76;0a=61.79;
ID=13;Type=D;m=90.59;0a=69.79;1D=14; Type=D;m=89.26;0a=76.33;1D=15; Type=D;m=90.38;0a=81.45;
ID=16;Type=D;m=89.70;0a=85.36;1D=17; Type=D;m=91.16;0a=89.99;1D=18; Type=D;m=100.78;0a=19.87;
ID=19;Type=D;m=98.31,0a=56.16;1D=20;Type=D;m=99.84;0a=86.21,1D=21;Type=D;m=109.42;0a=20.31;
ID=22;Type=D;m=109.56;0a=55.22;1D=23; Type=D;m=109.18;0a=86.48;1D=24; Type=D;m=118.27;0a=19.67;
ID=25;Type=D;m=114.16;0a=26.49;1D=26;Type=D;m=118.83;0a=31.73;ID=27; Type=D;m=117.90;0a=35.61;
1D=28;Type=D;m=118.35;0a=41.37;1D=29; Type=D;m=118.23;0a=46.22;1D=30; Type=D;m=119.86;0a=50.09;
ID=31;Type=D;m=118.94;0a=57.41;1D=32; Type=D;m=120.37;0a=60.67;|D=33; Type=D;m=119.71;0a=65.01;
ID=34;Type=D;m=118.48;0a=71.46;1D=35;Type=D;m=121.59;0a=77.86;1D=36; Type=D;m=120.31;0a=81.51;
ID=37;Type=D;m=120.52;0a=86.74;1D=38; Type=D;m=126.68;0a=19.89;1D=39; Type=D;m=128.99;0a=56.63;
ID=40;Type=D;m=129.98;0a=86.59;1D=41;Type=D;m=140.39;0a=19.84;1D=42; Type=D;m=138.48,0a=55.95;
1D=43;Type=D;m=140.23;0a=85.85;1D=44;Type=D;m=163.35;0a=14.39;1D=45; Type=D;m=158.72;0a=20.57;
1D=46;Type=D;m=158.13;0a=25.07;1D=47;Type=D;m=159.35;0a=30.48;1D=48; Type=D;m=157.85,0a=35.52;
1D=49;Type=D;m=159.03;0a=40.22;1D=50; Type=D;m=160.04;0a=46.09;1D=51; Type=D;m=159.03;0a=51.43;
ID=52;Type=D;m=160.76;0a=56.13;1D=53; Type=D;m=160.54;0a=60.74;1D=54; Type=D;m=160.56,0a=66.13;
ID=55;Type=D;m=161.10;0a=71.33;1D=56;Type=D;m=160.77,0a=76.62;1D=57; Type=D;m=159.68;0a=80.65;
ID=58; Type=D;m=160.97;0a=85.57;1D=59; Type=D;m=177.19;0a=15.68;1D=60; Type=D;m=180.96,0a=56.47;
ID=61;Type=D;m=182.90;0a=86.00;1D=62; Type=D;m=195.97;0a=15.85;1D=63; Type=D;m=200.40;0a=55.71;
ID=64;Type=D;m=200.30;0a=86.89;1D=65;Type=S;h=34.67;1D=66; Type=S;b=40.07;ID=67; Type=S;b=50.14;
ID=68;Type=S;b=60.23;1D=69; Type=S;b=69.69;1D=70; Type=S;b=80.08;ID=71; Type=S;b=89.95;
ID=72;Type=S;b=100.27;1D=73; Type=R;b=90.59;a=9.81;1D=74; Type=R;b=90.96;a=14.49;
ID=75;Type=R;b=91.35;a=19.33;ID=76;Type=R;b=91.05;a=29.19;ID=77; Type=R;b=91.23;a=49.01;
ID=78;Type=R;b=91.79;a=68.83;ID=79; Type=R;b=120.42;a=8.99;|D=80; Type=R;b=121.67;a=14.85;
ID=81;Type=R;b=122.15;a=19.38;ID=82; Type=R;b=121.61;a=29.57;1D=83; Type=R;b=122.40;a=48.84;
ID=84;Type=R;b=121.93;a=69.02;1D=85; Type=R;b=202.66;a=9.89;1D=86; Type=R;b=203.93;a=14.28;
ID=87;Type=R;b=203.45;a=19.02;1D=88; Type=R;b=200.19;a=29.96;1D=89; Type=R;b=203.26;a=49.13;
ID=90; Type=R;b=203.62;a=69.37;1D=91; Type=H;b=17.49;k=35.25;0a=142.05;1D=92; Type=H;b=17.61;k=36.17;0a=130.44;
ID=93;Type=H;b=18.06;k=36.51;0a=103.65;1D=94; Type=H;b=17.02;k=35.71;0a=86.08;
ID=95;Type=H;b=20.25;k=39.95;0a=147.81;1D=96; Type=H;b=20.35;k=39.75;0a=126.92;
ID=97;Type=H;b=19.96;k=39.31;0a=107.59;1D=98; Type=H;b=19.98;k=40.81;0a=91.84;

ID=99; Type=H;b=25.37;k=50.15;0a=143.40;1D=100; Type=H;h=24.91;k=49.24;0a=126.33,;
ID=101;Type=H;b=26.22;k=48.60;0a=102.92;1D=102; Type=H;b=26.04;k=48.05;0a=89.54;
ID=103;Type=H;b=29.74;k=59.42;0a=143.88;1D=104; Type=H;b=30.53;k=60.21;0a=128.98;
ID=105;Type=H;b=29.86;k=59.42;0a=105.49;1D=106; Type=H;b=29.94;k=59.80;0a=88.85;
ID=107;Type=H;b=35.15;k=68.93;0a=142.28;1D=108; Type=H;b=34.18;k=70.03;0a=128.34;

ID=109; Type=H;b=35.29;k=69.42;0a=106.33;1D=110; Type=H;b=35.62;k=69.47;0a=89.76;
ID=111;Type=H;b=40.78;k=80.51;0a=145.98;1D=112; Type=H;b=40.66;k=79.42;0a=129.65;
ID=113;Type=H;b=40.34;k=80.04;0a=105.87;1D=114; Type=H;b=41.03;k=80.19;0a=88.19;
ID=115;Type=H;b=49.89;k=99.69;0a=141.66;1D=116; Type=H;b=50.59;k=99.35;0a=127.28;
ID=117;Type=H;b=50.47;k=99.31;0a=106.32;1D=118; Type=H;b=50.97;k=98.67;0a=88.05;

ID=119; Type=D;m=66.38;0a=26.86;1D=120; Type=D;m=67.25;0a=29.74;1D=121; Type=D;m=67.66;0a=37.95;
ID=122;Type=D;m=67.59;0a=41.83;1D=123; Type=D;m=67.81;0a=44.22;1D=124;Type=D;m=67.61;0a=51.56;
ID=125;Type=D;m=68.85;0a=55.10;1D=126; Type=D;m=69.35;0a=63.60;1D=127; Type=D;m=70.11,0a=64.87;
ID=128;Type=D;m=68.44,0a=69.86;1D=129; Type=D;m=69.33;0a=74.24;1D=130; Type=D;m=68.80;0a=79.65;
ID=131;Type=D;m=70.12;0a=85.60;1D=132; Type=D;m=69.69;0a=89.67;

Where Type identifies which basic mesh shape is applied for the description: D
(diamond); S (square); R (rectangle); H (hexagonal).

Another important aspect is to investigate if these basic shapes are reasonable
approximations to the actual shapes in trawl netting used today especially in cod-end. To
get an impression of this we procured different samples of netting panels. These panels
were stretched differently over a flatbed scanner. Pictures of real netting meshes could
then be acquired and analyzed the same way as the holes in the mesh plates including
fitting the various basic shapes to the digitized mesh shapes.

Fig. 6 to 9 illustrates this for the different diamond mesh netting panels. Fig. 6 shows
three different diamond netting panels as an example.
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The first row show a netting panel with a relative big mesh size compared to the twine
thickness which is also double. The second row is also for double twine netting but here
the mesh size is small compared to the twine thickness. Here it is evident that the knot
size affects the mesh shape more. The third row is for a single twine netting panel with
relative big mesh size compared to the twine thickness. The first column in Fig. 6
represents a situation where the stretching load is perpendicular (vertical in the pictures)
to towing direction when used as normal netting is relative small. In the second column
the stretching load perpendicular is increased resulting in an increased opening angel of
the meshes. In the third column the perpendicular load is further increased and it is
clearly seen that the knot geometry affects the mesh shape more in this situation
especially for the second netting where the twine is thick compared to the mesh size. This
situation will have some similarities to when the netting panels are used as T90 netting
(90 degree turned).

Fig. 7 shows a situation where the image-analysis functionality build in to the
FISHSELECT software tool has been applied to digitize the inside mesh shape for a mesh
in the first row and column of Fig. 6.

Fig. 6.
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Fig. 7

In Fig. 8 the process detecting the mesh shape by image-analysis shown in Fig. 7 has
been carried of for one mesh in each of the situations in Fig. 6. Further we show results
from fitting a diamond basic shape to one mesh from each of the differently stretched
netting panels shown in Fig.6.

Fig. 8.

From Fig. 8 it is evident that the diamond shape is not a perfect description of mesh
shapes in real netting especially for the results in the second row (panel with thick twine
compared relative to mesh size) it seems as it represents a reasonable approximation. In
general the poorest description is in column three where the nettings are overstretched
perpendicular. Table 2 summaries the main fit data for the results shown in Fig. 8 (see
FISHSELECT methodology for explanation of parameters).
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Table 2

m=127.82 mm
0a=38.25 degrees
mean dif.=1.75 mm
max dif.=4.64 mm

m=129.95 mm
0a=56.34 degrees
mean dif.=1.70 mm
max. dif=4.79 mm

m=130.86 mm

oa= 78.31 degrees
mean dif.=1.78 mm
max. dif.= 5.65 mm

m=87.87 mm

0a= 47.69 degrees
mean dif.=1.61 mm
max. dif.=5.56mm

m=89.85 mm
0a=72.75 degrees
mean dif.=1.78 mm
max. dif.=7.02 mm

m=91.47 mm
0a=72.80 degrees
mean dif.=3.14 mm
max. dif.=8.08 mm

m=97.90 mm
0a=39.85 degrees
mean dif.=1.04 mm
max. dif.=3.31 mm

m=99.67 mm
0a=59.53 degrees
mean dif.=1.15 mm
max. dif.=4.17 mm

m=101.46 mm
0a=72.48 degrees
mean dif.=1.21 mm
max. dif.=4.88 mm

Table 2 also confirmed that the poorest description is in column three where the maximal
difference for all designs is found there.

One way to improve the description of the real mesh shapes for the overstretched meshes
could be to use a hexagonal basic shape as suggested by Herrmann et al. (2007) for T90
netting. In Fig. 9 we show the results for the situations in column 3 of Fig. 6.

Fig. 9.

The first column in Fig. 9 repeats the results from Fig. 8 column three while the second
column show the results from fitting a hexagonal shape to the data. Fig. 9 illustrates how
the description for the big mesh openings (high oa) can be improved greatly by using a
hexagonal basic shape in stead of a diamond. Table 3 summaries the results from fitting
the hexagonal shape.
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Table 3.

k=22.46 mm
b=51.55 mm
0a=85.48 degrees
mean dif.=1.24 mm
max. dif.=4.56 mm

k=35.14 mm
b=24.87 mm
0a=112.29 degrees
mean dif.=1.42 mm
max. dif.=5.33 mm

k=18.31 mm
b=39.61 mm
0a=78.88 degrees
mean dif.=0.81 mm
max. dif.=2.89 mm

From the above results we conclude that a simple diamond shape will be able to give an
acceptable description of the mesh shapes for diamond mesh nettings in most situations.
For situations where this is not the case (thick twine, T90 stretched) a hexagonal shape
seems to offer an acceptable description. Based on this we are confident to simulate stiff
diamond meshes of real netting by stiff diamonds or stiff hexagonal as in the mesh

templates.

Panels of square mesh nettings are used in several trawl designs today. Fig. 10 shows the
scanned images for three different square mesh panels.

Fig. 11 shows edge detection of the inside contour in FISHSELECT software tool. Leftis
a knotted panel and right a knotless panel.

Al10



Fig. 11.

Fig. 12 shows fit of a square shape to a mesh in a square mesh panels (column right). In
the left column is a diamond shape is fitted for the stretching situation. The diamond
shape represents a better description which is confirmed quantitatively by the fit data in
Table 4.
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Fig. 12.

Table 4.

m=56.34

0a=89.20 degrees
mean dif.=0.89 mm
max. dif=3.12 mm

b=28.08 mm

mean dif.=0.91 mm
max. dif.=3.30 mm

m=56.02 mm
0a=72.65 degrees
mean dif.=0.85 mm
max. dif.=2.25 mm

b=27.20 mm

mean dif.=1.44 mm
max. dif=3.42 mm

m=127.27 mm
0a=79.93 degrees
mean dif.=0.66 mm
max. dif.=3.33 mm

b=63.01 mm

mean dif.=1.68 mm
max. dif=4.65 mm
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As can be seen from Fig. 12 and Table 4 is it possible to achieve a reasonable description
of the square mesh panels meshes by applying a basic diamond shape or a square shape.
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Based on the results we conclude that by using basic shapes: diamond, square, rectangle
and hexagonal we should be able to cover meshes used today and meshes realistic to
implement in the future.

It should be noted that the FISHSELECT software tool image-analysis and parametric
shape fitting functionalities applied can also be applied to images obtained from
underwater recordings of nettings towed in experimental fishing and from flume tank
test.

It should also be noted that the FISHSELECT methods will be able to handle general
mesh shapes as for example digitized non-parametric as obtained from images of real
netting.
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Note on development of tools and methods for acquiring cross section
shapes.

To apply the FISHSELECT methodology it is necessary with an efficient and reasonably
accurate method and tool to assess cross section shapes and size on species of round and
flat fish. It is also desirable if these could be able to handle Nephrops as well.

During the project two basically different methods have been investigated:

1) a mechanical contact based method — mechanical MorphoMeter
2) an optical non-contact based method — laserline MorphoMeter

1. Mechanical MorphoMeter.
The mechanical MorphoMeter is based on a large number of sensing sticks that are
pushed into contact with the cross section being measured. This leaves a replica of the
cross section contour in the MorphoMeter. This is then scanned into a computer with a
flatbed scanner and by applying image-analysis based on edge detection the contour is
digitized at a large number of points along the contour. The mechanical MorphoMeter
and its application for flat fish and round fish measurements are described in detail in the
FISHSELECT methodology report(appendix Al). Two different sizes of the mechanical
MorphoMeter were developed during this project using sensing sticks of different
diameter (2.5 mm and 0.8 mm) (Fig. 1).

R e

Fig. 1
The large mechanical MorphoMeter was developed first and applied to the fish species

cod, plaice, turbot, haddock, sole, lemon sole and provided sufficiently accurate
assessment of the cross sections. For Nephrops we wanted better resolution and therefore
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the small MorphoMeter was developed and applied to Nephrops. For large turbots it was
necessary to use the large MorphoMeter in a special wide twin version (Fig. 2).

o L R A B
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Fig. 2
The setup shown in Fig. 2 was achieved by assembling two MorphoMeters into one.

Two off-the-shelf flatbed scanners and a laptop computer have been procured to
acquire images of the cross sections from the mechanical MorphoMeter. To handle the
large datasets of scanned images two external terabyte hard discs have been procured.

2. Laserline MorphoMeter.

With the successful application of the mechanical MorphoMeter it was possible to obtain
the data required for the species investigated in this project without using the laserline
MorphoMeter. This was fortunate, since it was not possible within the limits of the
project to complete the development of the laserline MorphoMeter. However, the
laserline MorphoMeter method could become much more efficient than the mechanical
method when finally developed. The rest of this appendix describes the work carried out
with the development of the laserline MorphoMeter in this project.

The laserline MorphoMeter is based on using a laser with line-generating optics to mark
the cross section being measured. A fraction of the laserlight is diffusly reflected from the
surface of the fish to produce a light curve, the shape of which depends on the cross
section shape being measured and of the viewing angle. Fig. 3 shows this using a laser
with 660 nm wavelength.
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Figure 3. Image of the laserlight curve on a plaice.

By aquiring an image of the laserlight curve with a digital camera being placed in a
known angle relative to the laser the principle of active triangulation can be applied. Fig.
4 shows the triangulation setup.
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Figure 4. Triangulation setup.
Due to the high coherence of the laserlight and the diffuse reflection in the fish surface
the image of the line appears both speckled and somewhat smeared-out. Through image-
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analysis the position of the center curve of the laserline can be determined with sub-pixel
precision by averaging pixel dependent color and intensity information over several
pixels along the curve at several positions across the curve. Fig. 5 shows the average
intensity acquired along the yellow marked line on a plaice with the image-analysis
functionality developed for the laserline MorphoMeter.

intensity pattern across (vertical)

105
100 4
95
90
85
50
75
70 4
B5 4
B0 A
55
50

mean intensity value

12 3 4 5 6 7 8 9 101112 1214 15 16 17 18 19 20 21 22 23

relative pixel count vertical

Fig. 5

When the position of the centre curve has been estimated across the full image it is
possible to calculate the cross section of the fish in the plane defined by the laserbeam.
This is done with a mathematical model that uses information about the position of the
laser relative to the camera and information about the how to transform from pixel
coordinates to distances in mm within in the camera object space (see next section).

The setup in Fig. 4 is presently best suited to acquire cross sections of flat fish with a
single laser and a single camera, but has been prepared to be part of the project to develop
methods including several laser-camera systems similar to those in Fig 4. For roundfish
the same basic principle can be applied at least two or preferably three times around the
cross section. The preferable design thus requires three lasers and three cameras in known
positions relative to each other.

3 Conversion from laser light-sheet coordinates to camera pixel coordinates.

This section will treat triangulation for the simplified case, where we assume that the
laser light-sheet defines a plane (x-y-plane) that is vertical, the fish lies on a horizontal
plane (x-z-plane), the optical axis (zc-axis) of the camera is perpendicular to the
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intersection line (x-axis, xc-axis) between the light-sheet plane and the fish plane, and the
intersection point ((X, y, z) = (xc, yc, zc) = (0, 0, 0) (origin O)) between the two lines is
situated approximately below the centerline of the fish. The zc-axis makes an angle vc
with the horizontal plane. Figure 6 outlines the geometry:

Camera

oy

Figure 6. Outline of the laserline MorphoMeter conversion geometry

Assuming a simple pinhole camera model for the camera the following relations are valid
between a point (xc, yc, zc¢) in the camera object space and the corresponding image pixel
point (xp, yp) in the camera image plane:

Xp = k*xc/r
yp = k*yc/r
r = sqrt((d - zc)® + xc® + yc?)

For any point (x, y) on the fish cross section in the laser light-sheet plane the
corresponding point in the camera object space will be:

XC = X
yc = y*cos(vc)
zc = y*sin(vc)

where d is the distance between the camera model pinhole position and the point O, k is a

constant that depends on the pinhole distance from the image plane (mainly dependent on
the focal length of the camera lens and the object distance) and the pixel size of the
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camera chip. Those parameters are determined by calibration with object of known size
in the camera space. To obtain the cross section curve from the curve on the image the
inverse relations of those above are calculated.

4. Laserline source.

Traditionally point-laser sources have been turned in to line sources by simply mounting
cylindrical lenses on the laser to fan out the point source in one direction. A major
weakness of such a design is that line width and intensity is very variable along the line,
which makes measuring systems based on this technique inaccurate. Over the last two
decades an alternative based on holographic optics has become available that does not
suffer from this weakness. We have based the laserline MorphoMeter on this technology
and chosen a 35 mW laser with a wavelength of 660 nm, and checked that this
wavelength results in diffuse reflection with sufficient contrast to the background on most
of the relevant fish species to create images of a quality where the centre curve of the
light can be extracted precisely. The image creation has been tested with plaice as well as
haddock and mackerel (Fig. 7).

Fig. 7

Fig. 7 shows that the chosen laser wavelength can produce clearly visible curves of
diffusly reflected light on those species of fish.

5. Image acquisition.

The simplest way to acquire the image of the diffuse reflected laser light is to use a
digital camera connected to a laptop computer with an USB-connection. By using off-
the-shelf standard consumer products instead of specialized industry products we can
benefit from the fast development in resolution and significantly lower prices of this type
of cameras over the past few years. We have procured and tested two different off-the-
shelf camera-systems for the laserline MorphoMeter:

All 6



1) high resolution web camera (Fig. 8 left) based on a 2 megapixel CCD with normal
8-bit colour depth.

2) high precision and resolution digital camera (Fig. 8 right) based on a 12.4
megapixel CCD with increased 12-bit colour depth.

: piEEEEEREg

. n
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Camera type 1

Camera type 2
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Fig. 8

Fig. 9 shows images acquired using the to different camera systems under two different
background lighting situations. A and B are for camera type 1 while C and D are for
camera type 2. A and C show situations with relatively high background light intensity
while B and D show situations with relatively low background light intensity.
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Fig. 9

Fig. 9 documents the significantly better quality of the image of the reflected laserlight
under varying background lightings in camera type 2 compared to type 1. Zoomed detail
images of the laserlight lines in the images of Fig. 9 are shown in Fig. 10.

All



Fig. 10

They clearly show the superior quality of the camera type 2 images. The increased
number of pixels within the laserline width combined with the higher dynamic range of
the CCD chip of camera 2 is also evident giving a significantly better estimate of the
centerline position. It is therefore recommended to base the laserline MorphoMeter on
camera type 2.

6. Conclusion.

Although we have not been able to complete the development and implementation of the
laserline MorphoMeter within this project, we think that the results we have obtained
indicate that the method is feasible. Compared to the mechanical MorphoMeter we
expect it will have an advantage of being much faster to measure many cross sections of a
large number of individuals. This would be very time-consuming process using the
mechanical MorphoMeter. For very small individuals, where the resolution of even the
small mechanical MorphoMeter is too coarse to give the required accuracy of the cross
section, it would also be beneficial to use the laserline MorphoMeter.
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Introduction

In towed fishing gear like trawl, mesh size regulations aim at retaining marketable fish and releasing juvenile fish. Different species have different
morphological characteristics such as cross-section shape and in mixed species fisheries, finding the optimal combination of mesh size and shape is a
complex procedure depending on species composition as well as defined minimum landing sizes (MLS).

We present a new methodology, FISHSELECT, developed to make a first prediction of the basic selective properties of different netting panels. The
methodology identifies species specific morphological features that are important for mesh penetration and data on these features are processed in an

integrated software tool.

Conditions for mesh penetration:

1) The morphological condition. The geometrical relation between the cross-section size and shape of the fish and mesh size
and shape must be such that the fish is able to pass through the mesh with or without deformation.

2) The behavioral condition. The fish must either actively attempt to pass through the mesh or be forced mechanically
towards it. An important element is that the fish is able to meet the netting oriented in an optimal way to penetrate it.

View point

The first step in the process of designing a new selective fishing gear for a specific fishery should contain a procedure of selecting netting designs that
fulfill at least the morphological condition for fish below MLS. If this condition is not fulfilled then, regardless of the behavioral response, the fish will be
retained by the fishing gear. The morphological condition for netting penetration is thus an important aspect of the selection process in a fishing gear.
Assessment of its effect may thus provide a first indicative prediction of the consequences on discard and catch efficiency of deploying different netting

designs in a specific fishery.

Methodology

1) Laboratory experiments
For selected species, morphological characteristics
important for mesh penetration are identified and
cross-sections at corresponding positions are
assessed. Each fish is labeled and its length and
weight are recorded. Cardboard templates with
pre-cut holes of a large range of different sizes
and shapes are used to imitate different mesh
designs. With the templates held horizontally we
test and record if the fish, head first and under
influence of gravity, can or cannot pass through
the imitated meshes. The fish is rotated to the
optimal orientation for penetration.

Assessing fish cross-sections

Sensing tool is used to
capture cross-section
of a cod. The image is
digitized and fitted to
parametric shapes
that can be described
by few parameters.

A cod is guided
through a “mesh” and
the success (Y) or
failure (N) is recorded.
Each fish and each
“mesh” is provided
with a unique ID.

Defining escapement model and 1strun

= 2) Simulating experiments

of simulations

Up to 3 different cross-sections can be used and
the fish only penetrates the mesh if all chosen
cross-sections passes. The limiting cross-section
may differ between area or season.

We have constructed a flexible simulation model that employ
information on fish cross-sections obtained from the laboratory
experiments and data on a predefined mesh geometry. The tool
predicts chances of mesh penetration by relating these

informations and by up- and down scaling the size of the fish. For
validation, a scenario identical to the setup in the lab is simulated
using the same fish and the same selection of mesh shapes and
sizes. Repetitive simulations using different escapement models
with options for degree of compression (—scaling) and for
geometrical description of the fish cross-sections are run.

3) Comparison
The penetration results from the laboratory experiments are
compared with the results from the simulated experiments. If
the degree of agreement for a given set of the options
described in 2) is high for the large majority of meshes and
fish, the setup is accepted. This means that the choice of
morphological features to be measured as well as the method
used for measuring is suitable for the purpose. Furthermore,
the modeling of the morphology and the options for mesh
penetration for the species under investigation is reasonable.

Comparing simulations and experiments -

=
Results from the fall-through experiments are
held against simulated data and the degree of
agreement is estimated. In the shown setup
there is a 96% agreement between simulated
and experimental data. -

S: ok, D: not ok

YY: sim. and exp. both Y (S)
NN: sim, and exp. both N (S)
YN: sim. N and exp. Y (D)
NY: sim. Y and exp. N (D)

—

Measuring more fish!

=+14) Establishment of morphological relationships

=l 7 3 -
i Pt Eems el e P If 3) is successful, the features found to be important will be
! —-/ J dem L___| measured on a larger sample of fish. Hereby, more reliable
e — - = relationships between these measures and the length of fish are
| M.,-.:Jr I:; .r“'d) established and the statistical variations are quantified.
Z = = T L~ These relationships can then be applied to estimate the

morphological data for a fish population of any size structure. The
population structure may be arbitrary or based on data from
standard surveys.

5) Predictions

different netting designs and specified populations of fish.
Together with information on distribution of fishing effort
in the specific fishery, these predictions may provide
indicative information on the consequences on discard
rates and catch efficiencies of applying different netting
designs in towed fishing gears. Also the effect of altering
the minimum landing size can be investigated.

Combining all informations

ective properties
of a new gear
and its con-
sequences on i P —= L pm
discard and loss : = e .
of marketable — =
Fish. e ams = = e

A new series of simulations incorporate the model established | A virtual fish population, a validated escapement : -:_ .-
in 3) and the morphological relationships established in 4) model and data on mesh geometry are used to : | .
and output predictions on basic selective properties for predict basic sel- : 1 EE | 4
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Introduction: The cod stocks in Kattegat/Skagerrak are at a critical level. Cod is caught in most fisheries both as a target species and as unwanted by-catch.
The minimum landing size (MLS) and the technical regulations specifying legal mesh sizes and types varies between the Kattegat/Skagerrak. For a sustainable
exploitation of a marine resource like the cod stock, a meaningful relationship between the mesh size regulation and the MLS is necessary. We use the
FISHSELECT methodology to provide the cross-section data that will affect cod’s ability to penetrate different mesh sizes and types. The cross-sections are used
to simulate the selection of cod in the mesh sizes and types used today in Kattegat/Skagerrak. Some preliminary results are reported.

75 freshly caught
cod in the length
range 29 cm — 72
cm were kept
alive in tanks and
anaesthetized just
before use.

Size distribution of cod used in the experiments

bk |

Meshes templates used in the ex

-

—

periments

Templates with 118
meshes of different
types (diamonds,
squares, rectangular
and hexagonal),
openings and sizes
were used in the
penetration
experiments.

Assessing cross section shapes

A mechanical sensing tool was used to
asses the cross section contours of
each individual at two positions.

Digitizing and parametric fitting
Each cross section was digitized using a
scanner and the image analysis function-
ality of FISHSELECT. The cross section

Establishment of morphological relationships
Length based regressions were fitted (w,h = alLP) for both

cross sections.

contours was parameterized as ellipses
with given width and height.

Good R? values were obtained.
Csl

Csl Cs2

Results for different B!ack curves: i
sized cods Slm_ulated »
variance I,
represents data’
variance well.

small cod
(33cm)

Red crosses: Digitized
contours.

Blue shapes: Fitted
ellipses.

Medium cod
(@3 cm)

Relationships
can therefore

- Csl- Head An ellipse is a

i reasonable 83 UEEG) T
(max. width) ) simulate new
representation for all N
: . population
- Cs2- Body Large cod sizes of cod examined
: (63cm) structures.
(max. girth) both at Cs1 and Cs2.

Penetration experiments
75 cod were tested in 118 meshes, which gives 8850 penetration trials. 3020 succeeded and 5830 did not.

Simulation of penetration experiments 100

The results were compared with simulated penetration using different escapement models with two different w /

levels of cross section compression tested on Cs1 or Cs2:

Degree of Agreement for different levels of fish compression for
different escapement models

1) stiff compression — fish is assumed to be compressed symmetrically, the cross section is not able to take
shape after the mesh during a penetration attempt. o ey

2) soft compression — the fish is assumed to be able to take shape fully after the mesh during a penetration ot o
attempt. 0 2 N 6 8 10 12 14 16

fish compression (9

—+—cross section 1 st
—a—cross section 2 sff|

Degree of agreement (%)

Conclusion on simulation of penetration experiments
With Cs1 and max 10% stiff compression the simulations correctly predicted the experimental penetration results in 8515 of the 8850 results or 96.2%
agreement. Nearly the same level of agreement could be obtained with Cs2 and max 15% stiff compression.

With a simple (soft) escapement model based on comparing cross section circumferential length of the fish to the inside circumferential length of the mesh,
the degree of agreement was considerably lower (down to 59.1 %).

Conclusion: With Cs1 an max 10% compression and modeling the cross section by an ellipse leads to a good agreement between laboratory experiments and
simulation results for cod.

Prediction of cod-end selection

We can predict the basic selective properties for different netting designs based on the established morphological relations and the 10% stiff compression
model based on the elliptical description of cross section 1. In Kattegat/Skagerrak, the mesh size regulation for diamond mesh cod-ends is 90 mm (d90),
while the legal alternative in square mesh cod-ends used to be 70 mm (s70). MLS for cod in Skagerrak is 40 cm. We investigated if there were a reasonable
agreement between the legal netting designs and the MLS. We assumed that the shapes of the diamond meshes is not distorted by the fish during mesh
penetration. The justification for this have been investigated by Herrmann & O’ Neill (2005;2006) who found comparable results from computer simulations
and sea trials except for very small catch weights. For the square mesh cod-end we make similar assumptions where the cod-end bars parallel to the cod-end
axis can not be distorted by fish making escape attempts. The mesh bars perpendicular to the cod-end axis were modeled to be distorted into a hexagonal
shape by fish trying to penetrate, if the perimeter of the cod-end was less than the sum of the length of the mesh bars around.

Diamond mesh cod-end d90

L50 versus mesh opening angle (490)

Square mesh cod-end s70

Black curves: The 50% retention length (L50) as a function of the mesh opening angle.
Red line: MLS.
© _| |With L50 below MLS for all opening angles there is a poor relationship between MLS and the

|| [technical regulations.
Blue line: L50 if the fish is able to deform the shape of the mesh fully (soft mesh).

Hexagonally deformed square mesh (s70)

= Black triangles and diamonds: Selection curves Green: Selection curve for a fully open

for different mesh opening distributions. Red: square mesh. Open and filled ;
T T DLl M our sea trial data. Green: Experimentally based| |diamonds: Selection curve for a @momom w6 o
results from Galbraith et al. (1994). distribution of perpendicular mesh

distortions. Red: Our sea trial data.

The comparisons show that it is
possible to explain the experimental !
data.

The comparisons show that it is possible to
explain apparently contradictory experimental
results by differences in the mesh opening
distribution introduced by e.g. different catch
weights (see Herrmann & O’ Neill, 2005).

Light blue curve: Selection if the meshes were
fully deformable (soft). The experimental results
show that full distortion is not a realistic
scenario.

Diamond mesh (490) Hexalogaldeformed square (s70)

Light blue curve: Selection if the mesh
shape were fully deformable (soft). The
experimental results show that this is
not a realistic scenario. om0 " oo

Tengih em)

|+ 19014512500
0

st
o 16015 12560 )
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References: Galbraith, R.D., Fryer, R.J., Maitland, K.M.S., 1994. Demersal pair trawl cod-end selectivity models. Fish. Res. 20: 13-27. Herrmann, B. & O'Neill, F.G., 2005. Theoretical study of the between-haul variation of haddock selectivity in a
diamond mesh cod-end. Fish. Res. 74: 243-252. Herrmann, B. & O'Neill, F.G., 2006. Theoretical study of the influence of twine thickness on haddock selectivity in diamond mesh cod-ends. Fish. Res. 80: 221-229.
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Abstract

The plaice stocks in Kattegat/Skagerrak have decreased in recent years. Plaice is caught in demersal fisheries both as target species and as by-catch, and
minimum landing size (MLS) in these waters is 27 cm. For a sustainable exploitation of a resource like plaice, the interactions between regulations on mesh
size and MLS need to be documented and taken into account. We use the FISHSELECT methodology to identify the morphological characteristics and
corresponding cross-sections that are expected to affect the selective properties in different mesh sizes and types. The cross-sections are used to simulate
selection of plaice in the net designs used in Kattegat/Skagerrak today and preliminary results show a mis-match between mesh and MLS.

Experiments and development of the model

Size distribution of plaice used in the experiments Mesh templates used in the experiments

Templates with 118 meshes of
different shape and size were used
in the fall-through experiments.
The mesh shapes examined were
diamond, square, rectangular and
hexagonal. For each shape and
experiments in the laboratory with a size, a series of different openings
supply of wild-stock plaice kept in were laid out in order to reflect
_l tanks. Fish were anaesthetized when the mesh configurations found in al
removed from the tanks. codend.

70 plaice measuring 18-46 cm were
examined in laboratory experiments.
It is important that the morphology of

the fish measured is close to that of
live fish. We conducted these

Assessing cross-sections Digitizing and parametric fitting of cross-sections

A mechanical sensing tool was used to assess the cross-section at

three different positions: Each cross-section outline was

CS1: At the highest point of the head ‘ Zi??:;gdacv?t;h&g?nmtg;;
CS2: At the anal spine Ccs1 Ccs2 CSs3 analysis function in the

CS3: At the maximum width of the fish ignoring the fins

] ' |

FISHSELECT software tool.

CS1Cs2 C 3 T e | i |
....- | .. =@ To reduce the number of

parameters needed to describe

ELL the shape of the cross-section,
five different basic shapes were
J HEL fitted to the contour:
1) ellipsoid (ELL)
TRI 2) half ellipsoid (HEL)

3) triangle (TRI)
4) symmetrical trapezoid (TRA)

TRA 5) asymmetric trapezoid (ATR)
The best fit for all cross-
ATR ’ sections was found when using

the asymmetric trapezoid.

Simulating fall-through experiments and comparing results

The fins of plaice are fully deformable and the highest degree of agreement between results from the fall-through experiments and the simulation model
were obtained when fins were ignored from the cross-sections. The three cross-sections were chosen based on practical experience both from the
laboratory and from fishing. They were all expected to be essential for the prediction of whether a fish can penetrate a given mesh. This was confirmed by
the simulation study since the highest degree of agreement between experiments and simulations was obtained for a model taking all 3 cross-sections into
account.

In contrast to cod, the highest degree of agreement was found when fish compression during penetration was assumed to be zero — this may be due to a

harder bone structure and the lack of swim bladder in the plaice and is therefore expected to be the case for all flat fish. With the asymmetric trapezoid fit
and the above mentioned definitions included in the escapement model, the degree of agreement between experiments and simulations was 94.6%.

Establishment of morphological relationships W, W, h e
e W, s - ——
As asymmetric trapezoids, alos oo P b=t =
h the cross-sections can be p RS+ i 0% | SR i
described by four para- Csi . c‘? i 2 ,r?‘
- meters: W,, W,, h and e. o : A
L~ > ad
Data on these parameters versus length for all fish were Length (mmy * Length (mm) C Length (mm)
plotted. A power model based on fish length (e.g. h=a*I°) was
fitted to data. Relationships were obtained for the three cross- s a:mm' =| I = L - o 000;
sections CS1 — CS3. Results from CS1 and CS3 are shown. w|/b=092 A af Y| b=131 3
u R2 =0.91 P - R2=0.74
For the relationships between length and parameters W1 and h, CS3 :: ’_.1«;"-'- A- s
the power model fitted data well with R2 above 0.74. i < e Lo
Parameters W2 and e are sensitive to actual shape and more 2l ; | =
variable and R? is therefore lower. Length (mm) Length (mmy’ " Length (mm) * Length (mm)

Predictions of codend selection

Based on the morphological relationships and the escapement model in FISHSELECT, we are able to predict the basic selective properties for different
netting designs. In Kattegat/Skagerrak, mesh size regulation is 90 mm for diamond mesh codends (D90). Until recently, a 70 mm full square mesh codend
(870) was legal as well. We investigate if there is a reasonable match between these netting designs and the MLS by estimating 50% retention length
(L50) for all the different configurations a 90mm diamond mesh and a 70mm square mesh can take on respectively. If L50 for all configurations is much
smaller than MLS, the risk of discard is expected to be high. Conversely, if it is much larger than MLS there is a risk of loosing marketable fish. Whether
these risks actually result in a high discards or loss of marketable fish, depend on the size structure of the population.

LsDversus mesh opening angl (420 90 mm diamond mesh 70 mm square mesh Hexagonal deformed square (s70)
" ws |L50 depends on the opening If square meshes are deformable in the low-tension *
B angle of the diamond mesh perpendicular direction of the netting, they may take on an | . ks
2@ with highest values for approximately hexagonal shape, when a fish tries to -
. /\ 50 |openings ranging from 35-65 | | penetrate. The degree of deformation is defined by the "
o degrees. Highest L50 is 20.5 | | opening angle (O=full deformation / stretched mesh; M 5o
| cm which is well below the 180=no deformation / square mesh).
I MLS of 27 cm, indicating a L50 depends on the opening angle, but never exceeds a T 0 A 0 0
= mismatch that_ will _increase value of 17.2 cm, well below the MLS. This indcates a - CV
mesh shapes the risk of a high discard. severe mismatch that will increase the risk of a high discard. i
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Note on FISHSELECT newspaper articles.

During the project there has been some newspaper coverage of the project specific on
FISHSELECT below is a list followed by some of the articles.

Newspaper Date Title of the FISHSELECT article
DTU-avisen 1.06.2007 Intelligent nets protect fish stocks
DTU-avisen 1.06.2007 Intelligente net skaner fiskene —
Pap, hoppykniv og avanceret computerteknologi skal mindske bifangst af undermalsfisk
MetroXpress 11.06.2007 | Forskere udvikler intelligente fiskenet
Fiskeri Tidende 28.06.2007 | Ny metode til at mindske bifangst —
Avanceret computerteknologi skal mindske bifangst af undermalsfisk
Fiskeri Tidende 28.06.2007 | Tverfaglighed skaber resultater
Fiskeri Tidende 28.06.2007 | 21 papstykker og en hobbykniv
Ingenigren 10.08.2007 | Flere fisk skal undslippe fiskenet —
Computersimuleringer skal finde frem til de bedste fiskenet
Nordjyske Stifttidende | 19.08.2007 | De vil ha’ feerre fisk i nettet
FiskerBladet 7.11.2007 Ny metode til at mindske bifangst
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Intelligent nets protect fish stocks

329 fish, 21 pieces of cardboard, one Stanley knife and advanced
computer technology may reduce the bycatch of undersized fish

Far each Gsh sold ar the fshmongers,
maryy cthers have often been thrown
back into the oczan. They were eitber
too small or of a wanzty that was not the
targzt catch. Fish that have been broughe
ondeck have a lower survival raee. Dhs-
carding fish s thus poar expledtancn of
fish siockes.

Mew an mierdiscphoary reszarch
teami at the Darash Irsoitute for Fisher-
1es Research in Hirizhals has developed
an entrely new method char makes i
pessible to assess whether fish under the
minimum $ze can escape through the
mesh of a rawl net

Frehmunary resules of the group's werk
suggest that the mesh s1zes and mana.
mum szes used in fshenes o Slagermalk
and Eatiegat do not work as inbended.

For instance, Dover sale lirger than the
manimum sze escape through the mesh,
while lemicn sole, fwrbot and cod under
the mammum mize are caught.

Body structure is key

The hasic prermuse behind the project
enntled Fishizlzce s that wou have o
knaw and beable ta descnbe the hady
structume of 8 species of Beh inorder 1o
assess whether the Bsh wall be caughtin
the mesh of 2 irawd net, explains Bznc
Hermmann, bead of project and semor
reszarcher at the Damsh Instiie of Fish-
enes Besearch.

. Traditarally cnly length 13 consid-
ened when dealing wath the size of hsh
n fishenes. L1 1s the mmnumum size that

determines whether a Bsh may be canght
ar must be discarded. Bue what actually
determines whether a Bsh gets caught

a0 a traw] met or whether 1 can escape
through the meshs not the length of the
fish but the size of the cross-szcoom. 1s it
leng and than or short and fac, and bow
much can the cress-secion be com-
pressed? We have developed a methad
af devermiming and deseribing this,” sovs
Mr. Herrmann,

Fishing from the computer

O of the concrete resulis of the project,
which began rwa years ago, will bea
datahase contmrung the rano hetaeen
lengih and cross-szcnen for all the major
species af fish in Damsh Gshenes. Wiih

this o band, 1t mll be pessible o use a
newly developed simulaton program o
quickl calculate the probabudicy chat a
20centmetzt-long cod can escape a net
with 2 given mesh size.

< This cansave both ome and money 10
the future, when developing and testng
riew (oals for fishenes. Instead of sailing
out £0 sea 10 bESl SQULPMENL 1N eXpen-
miental fshery 1t will be pazable o do
somee of the work an frene of the com-
puter. AL the same ume, the sumulaton
program would generally be useful for
detzrmuning whether the proper raio has
been ackoeved betwesn the mesh sizes
uzed in fisthenes today and the mimmuom
uzes that are set for fish * adds Ludwng
Abm Krag, project paricipant, lbelogist
and former fisherman.
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Intelligente net skaner fiskene

Pap, hobbykniv og avanceret computerteknologi skal mindske bifangst af undermalsfisk

For bwver fisk. som sxlges hes Bslehandle- Fizk. som én gang har verzt pd decleket, har Mu har en tverfaghg forskergruppe ved mundstzmilet kan slippe n genniem masker-
ren, er der ofie smudt mange andee fisk ul- nnge chancer for at overleve, Udsmud af fisk. Danmarks Frulermndersogelser 1 Hicshals ne 1 et oawl,

‘hage 1 bavet igen. Emten er for smd eller er ol ogsd kaldet checard, e derfor en dirbig ud- udwikdet 2n helt ny metede, som gar det Faorelelge resuloier al gruppens arbejde
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Der er helt klart
lict Georg Gearlgs over det.

Men det virkert*™

RIKKE FRANDSEN, BIOLOG

mil, sem man bruger 1 fiskenet 1 Sagemak
og Eaitegat ke fungerer efter hensigren.
Blandiandet kan grdianger starre end mond-
stemillet shppe In gennem maskeme, mens
radspeiie, pighvar og torsk under mindsee-
milet biver fanget.

Kropshygningen er afgerende

Grundianken 1 prajekiet, som har otlen
Fishielect, er, at man er nedt ol at kende og
kunne beskerive en fiskearts kropsbygning for
at kunne vurdere, om en fsle vl blrve fanget
1maskerne et trawd, forklarer projekileder
og semorforsker ved Danmarks Fiskenun-
dersegelser, Bent Herrmann.

« Tradinonelt wler man kun om lengde,
nir man beskefger sig med fisks starrelze
1 Bskenet. Deter mundstemdlet som bestzm-
mer, om en bsk md landes eller slal srmdes
ud igen. Men det, der faknsk alger, om en
fisk blwer fanget 1 et irawl eller cm den kan
undshppe germem maskermie, er e Gsleens
lengde, men hvor meget den fylder 1 iver-
smit. Er den lang og slank eller kot og ok
og bvor meget kan tversmitet komprimeres?
Dozt bar w1 udviklet en metede ul at bestzm-
me o besknve,” siger Bent Hermmann,

P4 fisketur fra computeren

Etaf de konkrete resultater af projekeet, som
startzde For to dr sxden, Bhver en databank
aver forheldet mellem Lengde og tversnit
for alle de vighige arer 1« dansk fisken. Med
den 1 bdnden wl man ved hjelp af et nyad-
viklet simulenngsprogram, hurtige kunne
bersgne sandsynligheden for, at [z en torsk

pd 20 cm kan undshippe et irawd med en gi-
ven maskestarrelse.

.Det kan spare bdde ud og penge 1 Eremo-
den, nir man udvikler og tester nye redska-
ber il Bskenet. 1 stedet for at tage pd hawvet
for at tesie udstyret ved forsegshsken, vil
man kunne klire 26 del af arbejdet foran
computeren. Samidig Wil stmulenngspro-
grammet genemelt kunne bruges ol at un-
dersage om v har den rette sammenheng
mellem de maskestarrelser, som v brugert
bskeriett dag of de mundstemdl pd fisk, som
er fastzat,” supplerer projekedeltager, baclog
og tdhigere fisker, Ludwig Ahm Erag.

Udstyr fra bunden

Fordh det er hielt oot at forsege at registrere
og besknve den del af fsks kropshygring,
der har bztrdnung for maskepassage, ekeniste-
rede der ikke mdleredskaber, som forskerbol-
det leunne gnbe ol

Deerfar har haldet ndviklet metade ag
udsiyr helt fra bunden, opheser baolag Karl-
Jehan Stxhr, som ogsd indgic pd projekthol-
det:

.Wed de ferste pibtlorseg skar w alle Gske-
ne over o milie deres tverznue, Men det var
for langzommelig og usiabil en metade. V1
mitle tenke keeatvt — og Ak god hjelp fra
wores kolleger bias DFUS 1T- og teleikafde-
ling ul at udeenke og konsiruers et brughart
instrament.”

Lesmangen blev £t msirument, som endnu
tkles har Bet et navn. Det bestir af en rekke
milepinde, som foemgngt presses ind nl de
bar kentaks ol fisken, sd pidende efterlader
et aferyk af fiskens form. Aflorykket bliver

For 2t kunng kribes o Kides simuarngspogamos | har ok gpiundel endny n affakii,
mmn simped ipming: 21 sfors siiber sandie s specid-pap med huiky, som sk OF forshe fige
sk esipreiser oF Brooner, buger [wdkg Ahm Rag o Rikks Fandsen 0T 3 undesgs, haike sir-
raise masker, som sk af forskellige arfer oF (Engde kan oS igemem.

-

eftzrelgende scarmet ind 1 en comipuater 1l
videm balledbebhandhing.

. Ved bijmlp af et speciele udvildet Balled-
behand hngsprogram med kant-deiekiions
sodtware lan v ud fra afirykleet bestemme
fiskenes tversmizkeontr og besknve dem
med nogle B dekkende parameinske ver-
dier 1 forchald ol Gelesns lengde. Torsks tver-
st kan for ekzempel beslenves ved hjzlp
af en ellipse med en bajde og bredde, mens
fladfizk lean besknives ma en aspmmetrizk
trapez,” forklarer Bent Herrmarm.

Mir fiskenes tvarsou er regisirenst kan
ferskernie wed bjelp af et tntegreret simule-
ringsprogram, forudsige, bvar siore maskoer-
nz skal vere for at en Beleafl den pdgzldende
starrelse kan undshppe.

Fisk, forvaltning og modeller

Frojektleder Bent Hermmanm er opridelige
uddannet cmbngeniar og har en FhD-grad
1udvikling af simulenngsmodeller, som kan
ferudage fiske mulighed for at undslippe fra
forskellige raw] og fiskered=kaber.

Med pd heoldet har ban en rekke bolog-
kolleger med stor efaring 1, hvad der skal ul
for at et Bskeredskab fungerer ol havs —og
med indglende kendskab ul, bvordan arc-
bejdet med forvalimingen af fAskebestandene
foregdr.

Wdfardnngemne 1 projekist er mangs og m
har halt brug for meget forskelhge kompe-
tencer — 2 mdsigt 1 Gskeredskaber ol viden
am, hivordan v fBangede og ophevareds de
levende fisk som w skulle bruge — far ikdoe at
nzvne arbejdet med ar uwdwkle metoder, md-
lamstrumenter o computermadeller.™

21 papstykker og en hobbykniv
For at kunne kahbrere og validere sumule-
ningsprogrammet har ferskeme cplundet
endnu en effekiny, men sumpel lasning. Den
bestdrafl 11 store stvkcker vandBast special-
pap, bvon der er sledret buller, som svarer ul
Torskellige maskesterrelser og faconer. Dem
hnager haldet ul rent frmsk at undersage,
hvillee starrelse masker, scan fisk af forshkel-
lige arterog Lengde kan passere igeonem.
Samidig kan forsleemne se, hwlke dele af
fiskens krop som evt. gir pd kanten og for-
hindrer Bsken 1 at komime ud gennem ma-
skerne. Fx blew holdet huriige klar aver, at
det ke padvendigws er tversmitet med

Bonf Fowmann overiper data b malic-
b fpred AF siouierngspeonaome . &
ko bruges TF 2 designe oe & ek e
o ke mindst skdnmmme Askenef.

den starste omkmeds, der er afgerende for,
omen bele kan passere en maske. 1 negle
mackeer et det hajden af 2n fhdbsks bowed
der er begrensende, mens det 1 andre ma-
sketyper er det bredesie ersot pdl kroppen,
fectzller baclog og projektdeliager Rilcke
Frands=n:

RDer er hele klart hdi Geong Gearlas over
detog v blev da og=d dnllet1 al venskabelig-
hed af kollzgerne, da v troppede op med 21
stykker pap. Men det wirkerd ®

For hver Bskeart har forskerne haft fai 70
fisk: af forskellige lengde. Hver Gelc har de
testet om kan komme igennem 1 20 forskel-
hge buller. Det Bhver ol aver BXI0 resuliater
per Bskeart. Underves har der vaeret flere
nytiige overraskelser, fertxller baclog Rikles
Frandsen.

. ¥1 bar for ekzempel opdaget. at torsk lkan
komme igermem farhaldsvis smd masker 1
fochold ol depes versnitssearrelse. Hoveder
er hirdt, men resien af lroppen er meget
lleksibel og kan komprimeres et meget.
Omrvendt er redepatiers komprezsien, has
man lige se1 bort fra finneme, nxsten hig
nul. Mizke forch de bar et suvere skelet og
foedh de mangler svammmeblare *

Videndeling med Europa
Forelabig har forskerne milt og registrerer
lengde og rversmat pd udvalgie punkier og
mulig passage germem masker af forskellige
stearelse og form for 3 Gskearver: vorsk, red-
speetie, radtunge, gritnge og pghvar. Milet
er at opmdle samilige af de fiskearier, som er
wvighge for dansk fisken, i det er ek sxdeie
gang at holdet er crukket o det blA arbejdsea).

Projekt FishSelect er finanseret af det na-
tanale ndvikhngsprogram for beredvangt
fisken og seleknive Bangsimetoder. Forsleerne
bag Fashielect, der ogsd mkhuderer semor-
forskerne Bo Lundgren og Miels Madsen, har
sagt om mudler fra ELTs 7. rammeprogram 1
samarkejde med 11 europeizke partnere ol
at foriseite arbejdet, ndr den ouverende be-
villing udleber senere pd drec.

Forskeme hiiber blandet andet at kunne
dele deres resultaier og metoder med kalle-
ger 1 andez lande via en rekke workshops.

«Delenologien kan overferes og arvendes 1
alt fra det nordevropeiske Aekeen belt ned ul
Middelbavet og Egrprens rejeficlen,” vurde-
rer projeletleder Bent Hermmann,

Teknologien kan overfgres

o anvendes i altira det nord-

eurnpaiske fiskeri halt

ned ti Middehavet
o Egyptens rejefiskari”

BENT HEREMANN,
SEHRFOEHER
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Ny metode til at mindske bifangst
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Avanceret computerteknologi skal
mindste bifangst af undermalsfisk

Af Line Roob, Damsiacks  atman er nade ol ac kende

i Fel s s o o kunne heskorivee o fiske-
arts kropshygnicg for ac
Mﬂfaﬂkuﬂm Pe Eu.rl.ne wrdem,nu:eu.l:.lﬁ:nl
Fiskeriu i iet
— DFL - i Hirtshals r.ra.'P.l. ﬁhﬁr prq-ei:l:l.bdu
ha:udnkk:enhdtn[m- o seniorforsker wed DFLU,
de, som ger det mulige hur- Eent]']nrrma.un.
tigtat vurders, om fiskundsr - Traditionzle taler man
mindstemlet lan slippe fri  kun om [zngde, nir man be-
genmem maskerne i = eranwl. ﬁ: sig, med fisks star-
Furzlnb.'ghe éurl;d}t:rter af iskeriet. DI:: er mind-
ppens arhejde Ph, at u:nj.lez som  bescemmec,
maskesta o mind- md landes eller
stun.l].mma.ubcug;crl.l:.u smides ud igen. Men
l:nrk:ktshlgu'r z arte- ﬁﬁrfﬁh}kaﬁgﬂqm:{:
wgat, ikke fungersr efter wer i et a
sigren. Siledes kangrin eller om d:uﬁ::luu.d ippe
starre end mindseemAlet slip- me, er i
pe i em mukaru.-e kens lm=ngde, men hwor
meget den Fylder i peeersnir
tonkuncﬂ Er den larg og slank eller
bliver fanget. kort og ke, og hvar meget
kan tvaersniceet ki ime-
Krapskboygmingen rest Diet har wi udviklet en
er afgarende mebode il ar besamme og
Grundeanken | projekesr,  beskrive,
som har ritlen FishSelect, =c
Udsmid
Udsrnid - eller discard som det ogsd kabdes med et 13-
neudork fra —skucfmﬂ:rd;ﬁskmem‘tm
er for smh —u mindst=mblet — eller fordi de er en
art, som ikke mi landes pd grund af opbougte eller
llTEHE;I:ItH- isk, fiwze har fis-
Problemet &g, at som barse vaeret oppe pd
ke dﬂk.hunu.g:ﬁln.n:fmltnudnt.ldr
o de bliver smmidt ud fzen uniddelbart frer fmﬁ g
Udsmnid af fisk - som ofts er gansks ve 1il kem-
sum — ar derfor Eg:h_gjfl_ﬂj-_ srandene.
Diet gmu.'u&l.i et i wOterne of
ridgivningen Eﬁm: fordi udsmid er "usyn-
lige —d.:tx.l]ng;c.dctu:.rzrtlthnimme b

miange fisk, der reelt tages ud af bestanden.

PA fisketur fra comrputeren
Fr af de konkrete resuleater
af projek tet, som starrede for
o Ar siden, bliver en data-
bl::;d-:\\:r holder El::d-kl_lg
og trersnit for a
de wigrigs arter i fiskee-
ri. %lad den i hinden vil man
rbdj:.::lp af et I:I.TDd.‘Hh’JH 5i-
muleringsprogram
bemg'l.:s:.m:h'[nhgbe
den for, at en ook pd foo
eksempel 20 centimeter kan
undslippe &t trawl med en gj-
ven maskestarrelss
- Detkan spars bide tid og
i fremtiden, nir man
udwikler ncu:u nye red-
shaber il tiskerist. 1 sesdec
for ar tage ph hawet for ac
reste udstrrer wed Forsegsfis-
e o Eane e o
n compu-
teren. Sameidig vil sunuj
ringsprogrammet  generels
kunne bruges ril at underse
ge. cm wi har den rette
sammenheng  mellem  de
mlslcﬁndm ::I:m Wi brdu!
ger i fiskeriet 1 dag, og
mindstem il SO er

Eastsar, supplersr ]:-m]ek'hlel
tager, hiclog og ridligere fis-
ker Ludvig Ahm Krag,

helt fra bunden
i det er helt oyt ar forse
at registrare o I:e:l-:m':
del af fisks ﬂ:g
der har bmdmn.g
ma -
ﬁmmm;m
Eml‘.erhd.dtt kunne gribe
til. Derfor har holdet E
let misbode -:!g ud.'u:[: b=|.|: fra
bunden, o
]'oh:n S'thl:.r. som ogsh Lnd.
gir ph d-:r]w.Htt

shear i a]].e fisken over og
31:10! ﬁﬁ:w

var og
ustahil

hijzlp fra wores Emagu
DFU: IT- og tekni
il .:tbnugdmn.lneh cgkum.'truer!
et art instrument, siger
Karl-Johan Seehe
Losnirgen bl=v et inseru-
ment, som endno ikl har
Ehet et mavn, Diet bestr af en
rekke milepinde, som foc-

sigtige ind, il de bas
R

efterlader e ﬁs.i:
foem. Abwyklkest Bliver efoer-
felgends scannet ind i en

mﬁlﬂdﬁ:bﬂed&

- Wed hjeelp af ec T
udvikler billadb
pregram  med }.:u.‘t- -
tions-saftaare, kan viud fra
aftrykket bestemme fiskenes
trarsnicskonmur o beskrive
demn med nogle £ dekkends
ameeriske vaerdier i foo-
old il fiskens lengde.
Torsks troersnit kan feles,
bukrnlu ved hjlp af en o-
med en hajde bmed.-
CEE fladfisk kan
ves Vil en asyTnmetrisk fra-
per. borklarsr Bene Herr-
mann.
N.'l.rl:.kl-cul.u CEETSRL & re
kan forskerne wed
el af er integreret simule-
ringsprogram foru
hvor store maskerne

vaere, for aten fisk af den pd-
Erld:ndt storrelse kan unds-
ipp=.

Widendetng med Eutapa

Forelebig har forskerne milt
ag registreret lengde og
traersnic pd vdvalges punkeer
ag mu].l,E:Epauq;: g:n.n:m

relse ag form for fem :F.lsku.rh
tar n:rnh'.. rodspasers, nod-

:-er.lt -:-pu:E P'Bh"

fiskearter, mmerugn

Bcu.'d.l.u:l: fiskoeri, s deter
Eh siclste at hobdet er
trukket i det b arbejdstey.

Projeket FishSelsct er finan-
ilm'zt af det n:ﬁde udi-

ingsprogram

fﬂl‘.en og  selekrive
fa.n,guu:eto-d.er. Farskerns
hag FishSelect, der op=d in-
i i vi by
nog sem,
h.l.rﬂg:-:'.rnml.d.lerfu EL's

7. ramme am i samar-
bejde med 11 eurcpaisks

til ar foreseces ar-

jd=t, nir den nuvarends

be11.|.|.|.ng udlaber sener= pd
drer.

Forskerne hibker blandt
andet at kunne dele deres re
sulcater og metcdar med kol-

i ardre lande wia en
& workshops.

- Teknologien kan overfi-
res og arvendss i alt fra der
nordeuropasisls Fiskeri helt
ned il Middelhavet o Egyp-

FEred FeRRrRky FEREFARREERNEZOR

FRERERNEEF EfEERRAREF I3

rejefiskeri, vurderer pro-
Bent Herrmann.
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ﬂg?nimﬂ]rd‘mhmﬁnimhrmm: handt andet er der i 21 stykker pap ol at
le fiskemes srarmelse rem fystsk, Mmmdnmbhrrhwtr%u mp&%}

Af Lime ook, Dusmarks
Fu.lemnﬂ'fmgdﬂr

For at kunre kalibrers og va-
lidere =t nrudwikler simule-
ringsprogram — der kan be-

sandsynlighsden for ac
mmsll ghe

EENnEm Tt
miaskerns - Egrel':n:nkeme op-
furder endru en effekeiv
meen sirnpel lasning. Den be-
ﬁafl]: TJCH.'E ktlr;'
special- vari der er
ﬁ:.‘l::f hu”.:npaim svarer il
toeskellige maskestarre|s=r
= brcl.wgerhn.ld.et'hl
Diem il renc
frsisk ar unde . hvilke
starrelss masker af far-

hvilke d.-e af I‘.B..tun krop
som evh & kanten

Exbxnﬂ:erﬁkinlitiomﬁ
ud nem maskerne. Fx
blew burtigt klar awer,
at det ikl nodvendigris er

rvaersnictet med den storste
ombaeds, der er afgarends

for, om en fisk kan passere
en maske,

1 nogle masker er det haj-
d-eu.b::-: Elac!.ll:j;h h-u'rbd,diu
er meeres det i
andre masketyper e det bre-
d.-em! tversnit pd kroppen,

fortaller biclog k-
deleager Bikke l."l.::a'.‘i:m:ﬁijE
- Der thuh Hadl.: lide
Gmrg: Gearlas over der,
v I:ll.m. da w:\gr-i drille Llﬁ
venskabelighsd af kolleger-

nc"l(h:r ICl]:l.ru.nn:l.'n‘.i
pap. Hen

Far ver art bar bor-
sloerme hafc far i 70 Fisk af

torskoedligs e. For hver
Fisk har de tester, om den
kan komme igennem 120

torskeelligs huller Det bliver
tl ower BO00 resultater pr.

fiskeare, Undervejs har der
vaeret flare :m:r.ge owerTas-

= hiclog Rikke
e

-¥i r op-
duget, at torsk himﬁlmm

igenmern  forholdsvis  seb
masker i forhold 4l deres
treersnitsstorrelse. Hovedet

hiirde, af leropr
Eﬁnﬁm;:ﬂﬁﬁlogm
Lru.nrurztm:get O

resdspemers kome

hvis man lige ser

ﬁ&a erne, Teesten lig

nul. Mbske i de har et

stivere skelet fordi de
margler svomme

Tvaerfag

lighed

skaber resultater

Af Lime Baooh, Darearks
Fisk orsndorsa

Projekeleder Bent Herrmann
er cprindalige uddann e civil-
imgerier og har en PhD.-

Hirtshals
Fiskeauktion ApS

Eurwin Fud

Julb:mnln‘lf QB 12 33 - Preewi . 20 4T 20 65
wrar hirf o b - sl hi k@ i rdon ke di

AA0LY

grad i udvikling af simule
:.l.n.g,lu:\:d-eu.u. som kan for-

undslippe  Fra  forskell
wawl og fiskeredskaber
ﬂa han en
.r:tH-ct i h:\l r med
der skal
'h]._,farun? Lred.lh:.lb-['uu.

gerer til havs - og zﬁ
il me v rangen
ar
af fiskzbestandene I’:o.r:ﬂ.:
HMetap det, at acbejder ac
r pd fveers
m;uma}ieung. mm

har vazree med il at skabe re
me_r:kt:t
- Udfordringerne i peoj
tet er mange, og ¥i har haft

r.|]11.d-u:| o,
hr\:tdl.ru'l.fa.l:ged.eaopl:c-

varede de levends

- for ikke at
navne arbejdet med ar ud-
vikle metoder, milsinseru-
JI=':J'l:l.:rl.l:-:l.' og computermodel
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Flere fisk skal

undslippe fiskenet

Computersimuleringer skal finde frem til de bedste fiskenet

Af Mette Holt
meh@ing.dk

For hver fisk fanget er flere
fisk typisk fanget og smidt til-
bage i havet. Men det vil ny
forskning fra Danmarks Fi-
skeriundersogelser gore op
med. Computersimuleringer
skal forudsige de mest effek-
tive fiskenet, for bifangsten
er gdeleggende for fiskebe-
standen.

»Fisk, der er hevet op med
trawl, er typisk dede eller si
beskadiget, at de har svert
ved at overleve, nar de kom-
mer tilbage i havet. Derfor vil
vi udvikle bedre net, s fiske-
ne kan undslippe trawlet
nede i vandet,« siger senior-
forsker Bent Herrmann, som
leder forskningsprojektet pa
Danmarks Fiskeriundersg-
gelser i Hirtshals.

Forskerne er ved atindsam-
le enlang reekke data om altli-
ge fra forskellige fiskearters
storrelse ved forskellige aldre
til fiskenes bgjelighed — data
som skal vere grundlaget for
en model, der skal forudsige
netmaskernes sterrelse og fa-
con, sa de rette fisk tilbagehol-
des, mens de sma fisk smut-
ter gennem nettet.

Ca. halvdelen af den mzng-
de fisk, der fanges i eksempel-
vis Kattegat, er ugnsket bi-
fangst, oplyser Bent Herr-
mann. Enten fordi fiskene er
"undermalsfisk”, dvs. fisk der
ikke opfylder mindstemalet,
eller de er af ugnsket art. F.
eks. oplever fiskerne i Katte-

gat og Skagerrak, at redspaet-
ter, torsk og pighvar under
mindstemalet fanges i de god-
kendte net, mens gratunger
over mindstemalet slipper
igennem nettet. For mindste-
malene for de forskellige ar-
ter, der fanges sammen, spil-
ler ikke optimalt sammen.

Forskningen gleder fisker-
ne.
»Vihar hardt brug for, atder
bliver forsket i bedre mader til
at selektere de ugnskede fisk
fra pa havbunden, sa de over-
lever,« siger formand for Dan-
marks Fiskeriforening, Flem-
ming Kristensen.

Han understreger dog, at
sterrelse alene ikke er afge-
rende for, om fisken undslip-
per nettet.

»En torsk seger nedad mod
bunden, nar den bliver fan-
get. S4 man skal ogsa inddra-
ge fiskens adferd i forsknin-
gen,«siger han.

Netmasker af pap

En hel rekke faktorer spiller
ind pa, hvor stor bifangsten
er. Herunder hvor mange for-
skellige arter, der forekom-
mer i det pdgzldende hav - pa
en bestemt arstid. Men det
primere er ifolge Bent Herr-
mann forholdet mellem net-
maskernes geometri og ster-
relse og fiskenes tvarsnits-
facon og bredde. '
Med en rakke papskabelo-
ner har forskerne simuleret
netmasker og undersggt hvil-
ke fiskearter, der smutter gen-
nem hvilke netfaconer, og
hvor pa kroppen fiskene even-

tuelt stader mod nettet. Her
har forskerne sa med et spe-
cialkonstrueret maleapparat
bestemt fiskenes facon og
stgrrelse i tveersnittet.

»1 dag bruger fiskerne pri-
mert diamantformede net-
masker, men det er ikke ned-
vendigvis det bedste,« siger
Bent Herrmann.

Derfor har forskerne ogsa
undersggt, hvordan fiskene
passerer kvadratiske, rektan-
gulere og heksagonale fa-
coner. En anden relevant fak-
tor, som forskerne ogsd har
undersggt manuelt, er kom-
primering af fiskene. En le-
vende fisk er ikke stiv, men
kan deformeres pa forskellig
vis. Det gor jagten pa det opti-
male net mere kompliceret.

F.eks. er en redspztte, bort-
set fra finnerne, utrolig stiv,
mens en torsk er bled i det og
kan deformeres ret meget.

Alle data bliver lagt ind i et
simuleringsprogram, som
forskerne har udviklet. Udfra
dette, kan forskerne forudsi-
ge det optimale design af
fiskenettene.

Nye net og nye mindstemal
Nar forskningsprojektet af-
sluttes ved arets udgang, vil
forskerne komme med anbe-
falinger for de mest optimale
netmasker i forskellige trawl.

Projektet er finansieret af et
program for bzredygtigt fi-
skeri og fangstmetoder.

Bent Herrmann og de seks
andre forskere har allieret sig
med 11 andre forsknings-
grupper i Europa. O '
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Bent Herrmann, Niels Madsen, Ludvig A. Krag, Rikke P. Frandsen, Bo Lundgren, Daniel Priour and Finbarr G. O’Neill

Introduction =

An individual-based structural model of the fish catching process in the cod-end of a demersal trawl has been developed and implemented in a software
package called PRESEMO (Herrmann 2005a). A typical simulation of a single haul can be carried out within a few minutes on a personal computer.

Fish input data o o Haul and simulation garam.eters.
Morphological data: PRESEMO — SI mulation of haul <& ‘ Towing.time, time for hauling to surface, escape model

Length, weight, cross section shape

Behaviour data:
swimming time since entry, time between escape | Fish data Cod-end Haul and
attempts, exhaustion time design simulation D

: parameters Codend daf;

Data for the individual fish is assigned randomly on the Cod-end design data: ) o
basis of distributions defined on population level. ‘ mesh size, number of meshes, twine characteristics

Cod-end shape data: o ==
Externally generated information on how the shape of the cod-end
changes as result of the catch build up. Imports data produced by
FEMNET (Priour, 2001) or by the method described in O’Neill
1999.

Simulation of a haul
A haul is simulated using a time step integration technique over the fishing process. L
At each time step: / Simulation of haul -
cod-end shape is updated based on current catch weight k
For each fish the position is updated and checks for escape attempts and exhaustion
are carried out
The weight of exhausted fish are added to the catch weight
An escape attempt is considered successful if the fish can pass through the mesh at . - -
its position, given the fish cross section and the mesh size and shape. - Haul data Simulation of haul o _ .

The process is continually visualized, that is, the entry time, the
movement-pattern and the escape attempts of individual fish are shown
as well as changes in the cod-end shape.

Processing of haul data

The numbers of caught and escaped fish are split into species and length classes and
selection data calculated -«
The logistic function is automatically fitted to the simulated selection data to obtain \
estimates for L50 and SR

Catch and escape data to together with information on minimum landing size form the

~

Calculation of selection

basis for prediction of catch efficiency and discard. data
Results (=1
Calch Seloctivity data “Saiaciity plot

Tol Tanged Hpeatch Lemgth In Caleh Tulal i ]

Selection
data

by 23ng iy

Selectivity parameters sk
conlidonce lait el F5X) 5

5 (e Fit of statistical
R i model to data
wor - I{j ' | = Rosidual plot i
2  Fifs I[II.II Ax i )
w5 LR e I Selection
" 5' | s parameters
Stochastic simulation Comparison of different cod- end designs

A built-in facility enables repeated simulations for the same cod-end using A built-in facility to simulate and compare the
randomly varying parameter values that affect the catch and escapement  Performance of different cod-end designs under

processes. This enables investigation of the performance of a cod-end the same range of conditions, enables a quick
under a range of different fishing conditions. and cheap examination of the consequences of
e implementing different gear designs in different

ettt ol L L (25 = s fisheries. This was used to study the selection of
e fomeh haddock in different cod-end designs of dif-
ferent mesh size or different number of meshes
along the circumference. Predictions were
compared to predictions of empirical models of
Galbraith et al. 1994 (|n Herrmann, 2005b).

M HE

‘Shape of cod-ends. Catch weight from left: 150 and 500 kg, meshes around from top: 60, 80, 100,
120 and 160,

Cod-ends with round straps

Using FEMNET together with PRESEMO it is
possible to investigate the influence of attachments
like round straps on the cod-end selection process
(Herrmann et al., 2006).

Mean L50 (em)

; ; O’Neilland | PRESEMO .

;i{::ﬁai?:ns:gggﬁiﬂfe Kynoch, 1996 | simulations of - = - = - |
experimental | experimental
where parameters results results R efe rences = =
describing fish entry L50 (cm) 28.69 28.63 Galbraith, R.D., Fryer, R.J., Maitland, K.M.S-, 1994 Demersal pair-trawl cod-end selectivity models. Fish. Res. 20: 13-27
pattern and populauon sdzy (cm) 0.98 1.07 Herrmann, B., 2005a. Effect of catch size and shape on the selectivity of diamond mesh cod-ends: | Model development. Fish. Res.
71: 1-13

SIS WEIE VETIE SRfom) 2 S 1 Herrmann, B., 2005b. Modelling and simulation of size selectivity in diamond mesh trawl cod-ends. PhD. Thesis. Aalborg University,
randomly between hauls 50 o) 102 0.96 Denmark. ISBN 87-91200-50-4
it was possnble to R e 150 s o : Herrmann, B. & O'Neill, F.G., 2005. Theoretical study of the between-haul variation of haddock selectivity in a diamond mesh cod-
generate betweén-haul e ¥ end. Fish. Res. 74: 243-252

Herrmann, B., Priour, D., Krag, L.A., 2006. Theoretical study of the effect of round straps on the selectivity in a diamond mesh cod-

A e end. Fish. Res. 80: 148-157

selection similar to O'Neill, F.G., 1999. Axissymmetrical trawl cod-ends made from netting of generalized mesh shape. IMA J. Appl. Math. 62: 245-262
result from sea trials g O'Neill, F.G., Kynoch, R.J., 1996. The effect of cover mesh size and cod-end catch size on cod-end selectivity. Fish.-Res. 28: 291-303
(Herrmann & O'Neill e Priour, D., 2001. Introduction of mesh resistance to opening in a triangular e|ement for calculation of nets by the finite element
2005)_ x - Cateh weight (kg) method. Com. Num. Meth. 17: 229-237 I

variability of haddock
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PRESEMO—a predictive model of codend selectivity—a tool
for fishery managers

F. G. O'Neill and B. Herrmann

O'Neill, F. G, and Herrmann, B. 2007. PRESEMO—a predictive model of codend selectivity—a tool for fishery managers. — ICES Journal of
Marine Science, 64: 1558 —1568.

The codend selectivity simulation model PRESEMO is a predictive model based on an understanding of the physical, biological, and
behavioural mechanisms that underpin codend selection. In this paper, PRESEMO is used to predict the selectivity of a large range of
codends of varying design. In particular, the selectivity of codends with mesh sizes in the range 80-160 mm, number of meshes
around in the range 60-140, and netting twine thickness in the range 3—6 mm are predicted and, where possible, the predictions
are validated with experimental data. Using the simulated data, the codend selectivity parameters are expressed in terms of the
gear design parameters and in terms of both catch size and gear design parameters. The potential use of these results in a manage-
ment context and for the development of more selective gears is highlighted by plotting iso-Is, and iso-sr curves used to identify gear
design parameters that give equal estimates of the 50% retention length and the selection range, respectively. It is emphasized that this
approach can be extended to consider the influence of other design parameters and, if sufficient relevant quantitative information
exists, biological and behavioural parameters. As such, the model presented here will provide a better understanding of the selection
process, permit a more targeted approach to codend selectivity experiments, and assist fishery managers to assess the impact of pro-

posed technical measures that are introduced to reduce the catch of undersized fish and unwanted bycatch.

Keywords: catch weight, codend selectivity, mesh size, number of meshes around, PRESEMO, stochastic simulation, twine thickness.
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Introduction

Mesh size regulations for codends in trawls aim to reduce fishing
mortality by allowing small fish to escape through the meshes. In
recent years, the minimum mesh size of the codends fished in the
North Sea has been increased many times. Restrictions also exist
on the maximum number of meshes around and the maximum
twine thickness. Many studies have investigated the influence of
these parameters, and some have developed empirical models
that relate these parameters to the selectivity of the codend
(Reeves et al., 1992; Galbraith et al., 1994). These models are
used by fishery managers to assess the effect on future stocks of
proposed codend technical measure changes. We must be very
careful, however, in applying these models to cases outside the
range of data from which they have been parameterized. Indeed,
these models should not be extrapolated. Nevertheless, it is still
necessary to be able to respond quickly to perceived changes in
the fish stocks and to be able to consider alternative gear designs
without having to carry out new experimental trials for each pro-
posed design.

In this paper, we use the codend selectivity model PRESEMO to
predict the haddock selectivity of a large range of diamond mesh
codends of varying design. In particular, the selectivity of
codends with mesh sizes in the range 80—160 mm, number of
meshes around in the range 60—140 meshes, and made from

double braided polyethylene (PE) twines of thicknesses in the
range 3—6 mm are predicted. Where possible, the predictions
are validated with experimental data. Because PRESEMO is a pre-
dictive model, that is, based on an understanding of the physical,
biological, and behavioural mechanisms that underpin codend
selection, we are confident of its predictions outside the exper-
imental data range.

We analyse the simulated selectivity data in two ways: first in
terms of the mesh size, the number of meshes around, and the
twine thickness, and then in terms of these design parameters
and the catch size. We also plot iso-I5y and iso-sr curves, which
identify the combination of design parameters that give equal esti-
mates of the 50% retention length (Is0) and the selection range
(sr), respectively.

Methods

As explained in Herrmann (2005), PRESEMO is an individual-
based structural model of the selection process in the codend of
a trawl fishing gear. It models different populations of fish entering
the codend during a tow. Each fish is assigned a weight and a
maximum width and height according to its length, and is
assumed to be of elliptical cross section. Each is also allocated a
travel time down the codend, a time it can swim in the codend
without being exhausted, a time between escape attempts, and a

Crown Copyright © 2007. Published by Oxford Journals on behalf of the International Council for the Exploration of the Sea.

All rights reserved.
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Table 1. Fish population data used in the PRESEMO simulations.

Population 1 Population 2 Population 3 Population 4 Population 5 Population 6

Species Haddock Haddock Haddock Bycatch Bycatch Bycatch

Entry period (minute) 240 240 240 240 240 240

Only data that differ from those used by Herrmann and O’Neill (2005) are listed. Populations 1-3 describe the target species (haddock), and Populations
4—6 describe the other species of fish entering the codend. The values for number of fish and entry interval indicate the range within which these variables
varied randomly between hauls.

Table 2. Haddock selectivity results from covered codend experiments.

Data source m n t w Iso sr Data source m n t w Iso sr
(mm) (mm) (kg) (cm)  (cm) (mm) (mm) (kg) (ecm) (cm)
Lowry and 95.1 100 35 196 2490 4.70 Dahm et al. (2002) 95 100 4 519  27.27 4.48

Robertson (1996)

O'Neill and 100 100 35 359 3032 591 111 100 5 545 3099 4.04
Kynoch (1996)

Continued
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Table 2. Continued

F. G. O’Neill and B. Herrmann

Data source m n t w Iso sr Data source m n t w Iso sr
(mm) (mm) (kg) (ecm) (cm) (mm) (mm) (kg) (em) (cm)
Kynoch et al. 96.7 100 3.66 507 29.62 4.06 Galbraith et al. (1994) 826 104 350 680 20.52 6.68

m, mesh size; n, number of meshes around; t, twine thickness; and w, catch weight in the codend.

packing density for swimming in front of the catch. An escape
attempt is deemed successful if the fish can pass through the
mesh opening at the point of the codend where the attempt
takes place. The openness of a mesh is a function of the codend
geometry and is calculated using the methods of O’Neill (1997,
1999). Fish that do not escape fall back and become part of the
catch when their exhaustion time is reached. The codend shape
is continually updated as the catch builds up during the tow. At
the end of a simulation, a logistic function is automatically fitted
to the simulated selection data to obtain estimates of /5, and sr.

PRESEMO requires information on codend geometry,
fish behaviour, the escape process, the fish population structure,
and the fish morphology. The following parameter settings/
descriptions were used.

Codend geometry

The codends examined were made of 3-, 4-, 5-, and 6-mm double
braided PE netting, had 60, 80, 100, 120, and 140 open meshes
around, and had mean inside mesh sizes of 80, 100, 120, 140,
and 160 mm. All combinations of these design parameters were
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Frequency sr for different mesh sizes
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Figure 1. Plots of the frequency distribution of simulated selectivity parameters for 9 of the 100 codends examined. The thick line indicates the
codend where m = 100, n = 100, and t = 4 in all plots. (a) The dashed line indicates the codend where m = 80, n = 100, and t = 4, and the
thin line indicates that m = 120, n = 100, and t = 4. (b) The dashed line indicates that m = 100, n = 80, and t = 4, and the thin line indicates
that m = 100, n = 120, and t = 4. (c) The dashed line indicates that m = 100, n = 100, and t = 3, and the thin line indicates that m = 100,

n =100, and t = 5.

investigated, giving 100 different codends that were used in the
simulations. The following relationships were used to relate the
knot centre to knot-centre mesh size, my, and the twine bending
stiffness, EI, with the twine thickness, ¢, and the inside mesh
size, m;,

my. = 2.8t + m;(mm)
El = 12 x 107%#(N m?)
where t, my., and m; are all measured in millimetres, and m; is

assumed to be normally distributed and have a standard deviation
of 3% of its mean value (Herrmann and O’Neill, 2006). These

relationships are from an unpublished analysis of 3-, 4-, 5-, and
6-mm double braided PE carried out by the first author using
the analysis of O’Neill (2002). Estimates of the geometry of these
codends, for a range of catch weights, were then calculated using
the methods of O’Neill (1997, 1999), assuming a 3.0-knot towing
speed. As no codend shape data were available for zero catch,
the shape for zero catch was assumed to be the same as for a
20-kg catch.

Simulation of selection

Herrmann and O’Neill (2005) outlined a protocol for using
PRESEMO that takes between-haul variability into account. In
their study, only catch weights up to 500 kg were considered.
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Table 3. The regression coefficients for Model 1 fitted to the simulated data for /sy and sr, where mesh size, m, and twine thickness, t, are

expressed in millimetres.

Term Iso

sr

Estimate s.e.

Pr(>|t])

Estimate s.e. Pr(>|t|)

—6.83E + 01 1.64E + 00

(Intercept)

0.038829

—4.87E + 01 1.22E + 00

For Isg: 1> = 0.8584, d.f. = 99982. For sr: r* = 03234, d.f. = 99984. *Indicates that non-significant terms have been eliminated.

Here, we want to consider catch sizes up to 1200 kg and, therefore,
have had to change some of the input parameter values. In particu-
lar, the number of fish in the target and bycatch populations enter-
ing the codends during a simulated tow was increased. The towing
time also was increased to prevent the density of fish in the codend
from becoming too large, and the population size structure was
changed to ensure that codends with large mesh sizes retained a
sufficient number of both target and bycatch fish. Table 1 summar-
izes the fish data used in the simulations. Herrmann and O’Neill
(2005) also described a model of fish escape during the early
part of a tow, when the tension in the mesh bars is low. In a
subsequent paper (Herrmann and O’Neill, 2006), they relate
their fish escape model to twine thickness, and it is this model
that is applied here.

Between-haul variability is modelled by varying the size, spatial
distribution, and structure of the target and bycatch population
between each simulation (Herrmann and O’Neill, 2005). For each
codend design, 1000 such simulations are made, from which 1000
estimates of s, sr, and total catch weight are calculated. As there
are 100 codend designs, 100 000 hauls are simulated.

Experimental data

For the comparison of simulated results with similar experimental
ones, we have chosen published haddock selectivity data from
Galbraith et al. (1994), Lowry and Robertson (1996), O’Neill
and Kynoch (1996), Kynoch et al. (1999, 2004), and Dahm et al.
(2002). These data are summarized in Table 2, and represent
results from a number of different cruises and a number of differ-
ent codend designs. To facilitate sufficient comparisons, the exper-
imental data are from codends whose mesh size, number of
meshes around, and twine thickness differ from the simulated
codends by as much as +5mm, +5 meshes, and +1 mm,

respectively. These studies provided selectivity estimates for 152
individual, covered codend hauls.

Analysis of simulated data

In order to use and interpret the simulated data in a relatively
straightforward way, two types of cubic polynomials were fitted
to the estimates of I5y, and sr. The first of these (Model 1) used
mesh size, m, number of open meshes around, #, and twine thick-
ness, t. The total catch weight at the end of the haul, w, is treated as
a random effect, and Iso and sr are expressed as follows:

_ ik ik
lsg = E Ajjam' 't st = E Mg Wt (1)
0<ij k<3 0<ij k<3
k<3 k<3

In the second (Model 2), w is considered to be a fixed effect,
and 5y and sr are expressed as:

ik, ] ik ]
Isg = E Aijm' Wt w' st = E Kggm'wtw. (2)
0<ijkI<3 0<ij k<3
i+j+k+H<3 k<3

Results

Simulated data

Figure 1 plots the distributions of I5, and sr for a selection of the
simulated data. In Figure 1a, the number of meshes around is 100
open meshes, twine thickness is 4 mm, and the mesh size is 80,
100, and 120 mm, respectively. While it is clear that the mean Is,
and sr increase with mesh size, there is considerable overlap
(especially for sr) of the frequency distributions. In Figure 1b,
the mesh size is 100 mm, the twine thickness is 4 mm, and the
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Table 4. The regression coefficients for Model 2 fitted to the simulated data for Isy and sr, where mesh size, m, and twine thickness, t, are

expressed in millimetres and catch weight, w, in tonnes.

Term Iso

sr

Estimate s.e.

Pr(>|t|)

Estimate s.e. Pr(>|t|)

(Intercept) —4.,1700E + 01 1.5600E + 00

—2.40E + 01 1.64E + 00

w? 't —2.9200E-01

7.2600E-02

—1.13E + 00

For Is: > = 0.939, d.f. = 99965. For sr: r* = 0.4857, d.f. = 99967. *Indicates that non-significant terms have been eliminated.

number of meshes around is 80, 100, and 120. Here we see, as
expected, a decrease in I5, with increasing number of meshes
around and a greater degree of overlap. In Figure lc, the
number of meshes around is 100 open meshes, the mesh size is
100 mm, and the twine thickness is 3, 4, and 5 mm. Although
there is a considerable degree of overlap between the distributions,
we can still identify that I5, decreases with increasing twine thick-
ness, whereas there is no real difference in the sr distributions.

These plots not only highlight the extent of between-haul
variability and the relative influence of the gear design parameters
on codend selection, but also emphasize the difficulties that
may be encountered in designing experiments to test a given
hypothesis.

Analysis of simulated data and comparison with
experimental data

The coefficient estimates of Models 1 and 2 are shown in Tables 3
and 4, respectively. The validation of these models is a two-stage
procedure. First, we must demonstrate that the cubic expressions
are a good fit to the simulated data and second, that their predic-
tions are a good fit to the experimental data. Table 5 shows some
comparisons of the predictions of Model 1 with the average simu-
lated values for all the codends made from 4-mm double PE. These
show that the cubic model is a good fit to the catch-averaged simu-
lated data and that the low 7 value for sr (Table 3) is caused by the
large variation of this parameter. A similar analysis for Model 2
identifies a small but systematic lack of fit for the extreme values
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Table 5. The catch-averaged simulated selectivity parameters and the estimates using Model 1 for all 4-mm double braided polyethylene
codends. m is mesh size and n is number of meshes around. I5, and sr are the catch-averaged simulated parameter estimates, w is average
catch weight of simulated hauls, and values in italics are the corresponding standard deviations. pls, and psr are the selectivity estimates

predicted using Model 1, and Alsy = Iso—plso, and Asr = sr—psr.

Codend
design

Iso (cm) sr (cm)

w (kg)

plso (cm) Alsy (cm) psr (cm) Asr (cm)

Iso and sr are the catch-averaged simulated parameter estimates, w is average catch weight of simulated hauls, and values in italics are the corresponding s.d.
plso and psr are the selectivity estimates predicted using Model 1, and Alsy = sy — plso, and Asr = sr — psr.

of the design parameters, indicating that the cubic model may not
model the simulated data accurately enough when catch is a fixed
effect.

Some comparisons of predictions of these models with the
experimental data of Table 2 are presented in Figure 2. The
dashed lines are 95% confidence limits (i.e. + 2 s.d.) of the simu-
lated average parameter estimates for each codend, examples of
which are found in Table 5. The data points are the relevant indi-
vidual experimental haul estimates of Table 2, and the unbroken
lines are the relevant empirical model predictions of the studies
of Galbraith et al. (1994), Lowry and Robertson (1996), and
Kynoch ef al. (1999). Triangles are the predictions using Model
1, where catch weight is assumed to be a random effect, and the
small square symbols are the predictions using Model 2, where
catch is a fixed effect and given a value of 442 kg (the average
catch weight of the experimental hauls, excluding catches >1300 kg).

In general, the predictions of Models 1 and 2 provide a reason-
able estimate of the experimental data and the empirical models in
the literature. In particular, the I5, predictions are a very good
reflection of the experimental results. Most experimental data
points are within the 95% range of the simulated data, indicating

that the simulations can explain a large portion of the variation
found in the experimental data, although the plots of sr suggest
that the model predictions may overestimate the between-haul
variability.

A few experimental results are outside the predicted confidence
bands. In Figure 2a, two I5, values are very small. Examining the
experimental data in greater detail reveals that the catch weights
in these hauls were 1390 and 1770 kg, while the cover contained
only 100 and 140 kg. We are unable to explain or reproduce the
large sr value of Figure 2d.

In Figures 3 and 4, we use Models 1 and 2 to generate iso-I5o
and iso-sr curves. These are curves of constant Is, and sr and
can be used to identify the set of parameter pairs to achieve a
given selective performance. Figure 3 plots the iso-I5y and iso-sr
curves in terms of the mesh size and the number of meshes
around for codends made from 4-mm (Figure 3a) and 6-mm
(Figure 3b) double-braided PE. This figure is very informative
and, by looking along any horizontal or vertical line, we can see
how the selectivity parameters will vary with either mesh size or
number of meshes around. By comparing Figures 3a and 3b, we
can further see the effect of increasing twine diameter. These
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Figure 2. Comparisons of predictions of Models 1 and 2 with experimental data of Table 2. The dashed lines are 95% confidence limits (42
s.d.) of simulated average parameter estimates for each codend. The data points correspond to individual experimental haul estimates. The
unbroken lines are the relevant empirical model predictions of the studies of Galbraith et al. (1994), Lowry and Robertson (1996), and Kynoch
et al. (1999). Triangles are the predictions using Model 1, where catch weight is assumed to be a random effect, and the small square symbols
are the predictions using Model 2, where catch is a fixed effect and given a value of 442 kg (the average catch weight of the experimental
hauls, excluding catches > 1300 kg).
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Figure 3. Plots of the iso-I5y and iso-sr curves using Model 1 in terms of mesh size and number of meshes around for codends made from

(a) 4-mm and (b) 6-mm double braided polyethylene (PE).

plots are based on Model 1, which assumes that catch is a random
effect.

The contours drawn in Figure 4 are based on Model 2, which
considers catch to be a fixed effect. This model permits an explicit
examination of the effect of catch size, and we can see from the
figure how the dependence of the selectivity parameters on mesh
size and number of meshes around varies as the catch size increases
from 400 to 800 kg.

Discussion

The aim of this paper is to provide a means of predicting codend
selectivity outside the range of available experimental data. To do
this, we employed the codend selectivity model PRESEMO to
simulate the haddock selectivity of a large range of diamond-
mesh codends. We then fitted a cubic model to this simulated

dataset and expressed the selectivity parameters in terms of the
gear design parameters and, in the case of Model 2, the catch
size. We validated these models, as much as we could, with avail-
able experimental data. Because PRESEMO is a structural model,
based on an understanding of the underlying physical, biological,
and behavioural mechanisms that govern codend selection, we
believe that its predictions outside the range of available experi-
mental data are reasonably accurate. At the very least, we are
more confident of these predictions than we would be of extrapo-
lating the empirical models that have been developed by other
authors. The obvious question then is, how far beyond the exper-
imental data range can we accept the predictions of PRESEMO?
Although there is no easy answer, we would be reasonably confi-
dent of the results presented here, at least up to mesh sizes of
140 mm and 140 meshes around. The issue of twine thickness is
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Figure 4. Plots of the iso-Isy and iso-sr curves using Model 2 in terms of mesh size and number of meshes around for codends made from
4-mm double braided PE and at catch weights of (a) 400, (b) 600, and (c) 800 kg.
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more difficult because twine bending stiffness also depends on the
material type, twine construction, and any subsequent treatments.
Furthermore, our model of twine deformation assumes a linear
relationship between bending moment and twine curvature,
which may not hold for composite twines, where there will be fric-
tion between the component fibres, each of which is likely to bend
non-linearly [see O’Neill (2002) for a full discussion].

As a general rule, however, if this approach is to be applied to a
given fishery, it will be necessary to ensure that the PRESEMO
input parameters pertain to the fishery in question and that there
is as much validation with experimental data as possible.
Therefore, it should be possible for fishery managers to make
reliable assessments of the effect of proposed codend technical
measure changes, to respond quickly to changes in the fish stocks,
and to be able to consider alternative gear designs without having
to carry out new experimental trials for each proposed design.

Model 1 may be considered more useful. Not only is it simpler
and an accurate description of the simulated data, it also implicitly
takes into account changes in catch size that may arise as a result of
changes of codend selectivity. Thus, it may provide more accurate
assessments of the effect on future stocks of technical measure
changes.

Model 2 is also useful and could be used, for example, to dis-
tinguish between fisheries where catch sizes differ. However,
there is some evidence that the predictions of Model 2 exhibit a
small but systematic lack of fit to the simulated data at extreme
values of the design parameters. This indicates that the form of
the expressions of Equation (2) may not be sufficiently flexible,
which probably can be remedied by using a higher order expansion
or an appropriate surface fitting routine (e.g. cubic splines).

One concern regarding the simulated haul data is that the vari-
ance of sr is overestimated. It may be possible to address this by
altering some of the PRESEMO input parameters (Herrmann
and O’Neill, 2005). The contour plots and the iso-curves are a par-
ticularly useful way of presenting the results. They provide a quick
and easy means of identifying the different combinations of gear
design parameters that have a given selective performance and
can be extended to consider the influence of other design para-
meters, such as mesh shape, twine material and—as discussed by
Herrmann and O’Neill (2006), if sufficient quantitative infor-
mation exists—to factors such as light levels, fish condition/swim-
ming ability, and water turbidity.
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