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Executive Summary

WCPFC Project 11the project)will conduct trials of norentangling and biodegradabtifting Fish
Aggregation DevicdgFADsN the Western and Central Pacific OcafCPQ)It will provide essential
information to the tuna fishingndustry on the designs, types of materials, performance and-cost
effectiveness of nomntangling and biodegradabld=ADs in the WCPO contextith the goal of
Ssupport i ngptakemfdnore ecolggicaly sustainaldEAD designslhe aims othe project
are the following:

1. Design/refine cosfeasiblity of non-entangling and biodegradabldFADs Informed by
previous trials in the WCPO and other oceamsject 110 will build oriosteringindustry and
national fishery agencynput and utilize readily available (locally or shipped) suitable
construction materials.

2. Undertake atsea experiments to compare the performance of ramangling and
biodegradabledFADs taconventimal dFADs.

3. Provide robust scientific advice to industry amtional fiskeries managers on the
performance of norentangling and biodegradab#AD designs.

4. Increase regional support, capacity building and partnershipdF#xD research with various
stakeholders in the WCPO.

Project 110will includefour stages:
1. Information gathering and planning workshap identifying dFAD construction locations
detailing design of asea trialsand initiaing capacity buildingpn design and construction;
2. Qonstrucingthe experimentadFADSs;
3. (Gonducting at-sea trials and broader industoutreachprogram;
4. Dataanalysis, reporting, final workshop addvelopment ofan industry planof action

Project 110was initially planned to start in March 202filowever, the desigrphaseof the non
entangling and biodegradable dFADs and the triatseat could not start in 2021 due to the COXIED
pandemicand the associated restrictions put in place by various coastal states with access to ports and
materials As aresult,fishing compaies contacted couldot commit to starting such activitiga 2021

Several prtner fishing companies have now been identified, with agreement in principle to
construct and deployiodegradable dFAD late 2022.Theagreementin principlehas been adeved
betweenthree fishing companies, and will be finalised wititer Of Agreementd OA$in the coming
weeks. In additionaworkshop with skippers of onishingcompary occurred in Jun2022to discuss

the intent of project 110and better understandkippersperspectives andhe logisticsfor achieving

the projects objectiveOtheractivitieswithin stage 1 havalsocommenced, wittiheliterature review

and online consultations with other researchers 0RAD designsvas dore to develop potential
designsand identify materialsneeded. Thesummaly of previouswork is presented imMAppendix 2of

this paper Regular meetings withithe International Seafood Suwmhability Foundation(ISSF
collaborators and potential partner fishing companies have been occurring since the beginning of
2022. An agreement has been madetween SPC, ISSF and the partner fishing compamitest the
Jlly-FADdesigndeveloped by$SF. Discussions are continuing in terms of base ports, FAD construction
locations and materials to be purchased. A purchase order for the satellitessehmaer buoys to be
deployed on the biodegradable FADs has been isbu&PC, for delivery later i022 Discussion with
companieson the procurement of materials armbnstrucion ofthe bio-FADs are ongoing.



As the projectvas not able to start as planned in 202lLie tothe impacts of the COVID pandemic,
this has had a ripple effect withurther delaysin the projects implementation It is anticipated that
the outcomes of project 110 will be delayed awdl likely need at least d-year project extension
request

We invite WCPFRGSCS3 to:

- Note the delaysn the activities planned due to the COVID pandemic.

- Note a nacost project extension of at least one year can be expected to be requested from
the donors and the WCPFC.

- Note the updated timing of activities, including those planned over the firstgkthe project.

- Notethat first resultsfrom this projectare expected to bavailable bySC19

- Note the review of worldwide trials of Neentangling and Biodegradable dFADs presented in

Appendix2.



1. Introduction

Recent estimates indicate that the number of driftiigsh Aggregation DevicédFAD)buoy
deployments in theWestern and Central Pacific Oce@WCPQ have varied between 23,000 and
40,000 per yeaover the last decadéEscalle et al. 202Q 2021a) TraditionaldFAD designs can lead
to entanglement and unnecessary mortality of Species of Special Interest (SSls; i.e. sharks, turtles). Of
increasing concern is the rate of subsequent abandonmentsaitachdng of depbyeddFADs, recently
estimated at 41% and 7%, of trackdBADSs, respectivelEscalle et al., 2012021b) The resulting
marine pollution, ghost fishing and ecosystémpacts on coastal environments are of concern to the
coastal state®f the region, fishery stakeholders aidpactthe socialperspectiveof the purse seine
tuna industry in the WCPO. To mitigate these undesirable impadsAdD usghere is agrowingneed

to transitions todFADghat areconstructedfrom materials that are both biodegradable andtigate

the entanglement ofSS4. Forthe fishingindustry to accept and make this transitiozpllaboration
with fishingindustry onresearch and development is required to design and t#sADs made of
biodegradable and noentangling materialsand to demonstrate their performance relative to
traditional designs.

2. Project description

In recognition of the need to reduce the environmental and ecological impacts of dFADs in the WCPO,
CMM 2@1-01 (Conservation and Management Measure for bigeye, yellowfin and skipjack tuna in the
western and central Pacific Oceanggquiresthat the design and construction of ardFAD tobe
deployed in, or drifts into, the WCPFC Convention Area, by 1 Januaty &l comply with the
following specifications

91 all dFADs in the WIEFC Convention Areshould comply with lowentanglement design
specifications (as described in CMM 2@11§ from January 2020, and;

9 alldFADs in the WRFC Convention Aresdnould comply wth non-entanging materials and
design specification@he use of mesh net shall be prohibited for any part of a dFAD) from
January 2024nd;

» the use of biodegradable materials to constrd&ADs is encouraged

A recent review of observer dat§2010-2020) shows limited use of noeentangling and/or
biodegradabledFAD designs in the WCRhillip and Escalle, 2020jus far. Howeverthere are data
limitations with the2020and 2021data, and it is therefore not yet possible to identtfye recent
response to the requirements of CMM 2008 and CMM 202101. Importantly, greater support to
national fisheries agencies and informati@mneededo guide construction andncourage thaise of
“ef f e c teitangirig amil diodegradabl~ADs whichwill be essential to drive wider industry
uptake. Thisvill require that indistry are consulted at every stage of this process.

While trials of norentangling and biodegradabt#=AD<have beeradaptedto the WCPMoreno et
al., 2020) the methodologieshave been initiated bythe International Seafood Sustainability
Foundation(ISSF)in collaboration with industry, government arithe Pacific CommunitySPQ
Additional work and collaborative acticare required if norentanglng andbiodegradabledlFADs are
to become t he ‘' nexurrentproject wilt bhild on\%€ FRRc@nt tridlstin the WCRad
elsewhere ¢.g.,Moreno et al., 2020pAppendix 2 it will also provide andhvestigateadditional data



required todeliver robust information to industry on the designs, types of materials, performance and
costeffectiveness of nomntangling and biodegradabléFADs in the WCPQOhe project has the
following objectives:

1. Design/refine cosfeasiblity of non-entangling and imdegradabledFADs Informed by
previous trials in the WCPO and other oceamsject 110 will build oriosteringindustry and
national fishery agencynput and utilize readily available (locally or shipped) suitable
construction materials.

2. Undertake atsea experiments to compare the performance of remtangling and
biodegradabledFADs taconventionaldFADS.

3. Provide robust scientific advice to industry amwtional fisheries managers on the
performance of norentangling and biodegradab®#=AD designs.

4. Increase regional support, capacity building and partnershipdFaXD research with various
stakeholders in the WCPO.

3. Method ology

Stage linformation and planning workshojmentify dFADconstruction locations and initiate capacity
building in design and construction.

Initially, project 110will compile relevant information from previous ISSF and other studies on non
entanglingandbiodegradablelFADs worldwidéMoreno et al., 2020b&nd identifypotential industry
partners. Following this, in collaboration with ISSF, industry partmetonal fisheries agencies,
Regional Observer Programme (ROP) representatives andifo&Bl construction experts, a planning
and information sharing workshopill be held The workshop will identify plausib#AD materials
and designs to trial and inform ¢hdesign, data collection protocols and logistics of theest trials.
The workshop will also aim tdeéntify locations foland-basedconstruction of norentanglingand
biodegradabledFADs for the project, and ongoiegpportto industry will also be aimportant part of
this initial workshopBased on th@utcomesfrom the planning workshop a detailed design for the at
sea trials will be developed by the lead SPC scientist in collaboveitioiSSroject collaboratoand
presented back to the initigdlanningworkshop attendeesindustry partnersROP representative for
commentandendorsementProject 11Qdetailed design will include all aspects of thesat trials and
clearly outline the data collection protocols and other support required frtim relevant
stakeholders, in particuldndustry, national fisheriesagenciesand observersdFAD constructio will
be ongoing from stage 1 once the prototygEADs desigare endorsed by industry partners.

Stage 2Construction of norentangling and biodegradabti=ADs

Based on theoutcomes andrecommendations ofthe locations fordFAD construction activities,
capacity building activitiesn-design and construction of biodegradable and wamanglingdFADs it
is anticipatedthat these phases of the project will betegrated as part of the construction of the
prototype dFAD design, and eventuatiylled out toall dFADs for the project.

Stage 3Conduct at sea trials and broader industry communications program

The project will aim to deploy a minimum 200° e x p e r i m-entahgiinigand biodegradable
dFADsghat will be compared wit200 * conv ent i on afADslt it alsoamaonncreage u s e d)
this number subject to support from industry partners aaehilabilityof other funds. We envisage
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that the performance of the experimental and conventiodBADs will be monitored oveightto ten
months The timing of trials is dependent on COMHDestrictionsin port(s) where participating fleets
dock andports which will be the primary access why the construction and distribution of the
experimentd dFADs. Trials are hoped to begin in the second half of 2DR@jisticaly feasible, atsea
experimentaldFAD trials will follow normal deployment practicesth trialsto be coordinatedby the

lead scientist from the SPC with support from ISSF. Observer involvement and coverage will be
important andwill be supported by SP&hd ISSF in monitoring and data collection. The monitoring
program will be developed in collaboration with the obsers and industry partnerskippers to
ensure it is feasible given their other wodommitments Monitoring of the dFAR will include
information on dFAD condition, catch history, acoustic data and drift trajectories (following
approaches previously empled in ISSF projects). Comparative analyses of the performance of the
two dFAD types will include; aggregative power and drift behayicatch rates per speciesosts and
handling requirementseffective lifespan and condition at different times-sea.Analyses of data
from echesounder buoys deployed on tl##=ADs will build on knowledge gained through EU funded
Project 88 (FAD acoustics). Acoustic buoys will be providethbyfactures used by the participating
fleets toensure data is comparabieith their standarddFADeployed in the region.

The trials will be performed in close partnership with industry (skippers) and the observer programme
to ensure marking, deployment, identification and monitoring/data recordinglfeADs occurs in a
consistent ad coordinated way. Two levels of industry participation are anticipated:
- the partner fleets that deploy thdFADs and are actively engaged in the research depending
on their fishing activities, and;
- all other fleets that find and/or fish the experamtal dFADs. Information from (2) will be
important to the success of the research.

Stage 4Data analysis, reporting, final workshop and industry adoptioplan of action

Data from the atsea trials will be summarised (and analysedhe extent possible) as it becomes

available and reported back to industry partnerssit monthly intervals, including a miproject

review workshop, the WCPIBEFAD Management Options Intersessional Working Group-{fAAR)

and papers to the WCPFQestfic Committee(SC) The final analyses and reporting of results will be
delivered to S20 and a final workshop with industry partnerstionalfisheries agencie®NGOs and

ROP representatives. Assuming positive results of the trial, the final wqrkebtwld include a session

on ‘industry adoption’ wi th an o hgioncSPC 8 @lsoo f de
developing alFADs communication strategy and will build this project into that broader strategy.

Table 1.Updated timing of activiés D = delayed; C = completed; P= planned.

2021 2022 2023 2024
Activity 4 56 7 8 9 1011121 2 3 4 5 6 7 8 9 1011121 2 3 4 56 7 8 9 1011121 2 3 4 56 7 8
Stagel DDDDDDDDDCCCCCCCPPP

Stage 2 PPPPPPPPPPPPPPPPP
Stage 3 PPPPPPPPPPPPPPPPPPPPPP
Stage 4 C C PPPPPPPPPPPPPPPPPPPPPP

4. Updates on activities of the project

WCPFC project 110 was initially planned to start in 2021, witimdimeentangling ad biodegradable
dFAD trials starting in October 202allowingthe FAD closure period. Several fishing companies were
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contactedin 2021and 2022with all indicating interest in joining the project. However, none of the
companieswere in a positionto start the projectin 2021, includingthe workshops with fishers to
design the norentangling and biodegradabliFAD and the aseatrials phase due to the COVI29
restrictiors. In early 2022, discussions have continued withree fishing companieswith an
agreement in principle to construct and deploy biodegradable dFAD(s) in late 28@@r Of
Agreement (DA have now been developed andre currently being reviewed to falise the
agreementwith fishing companieandto start project 110activities.A recent workshop with skippers
of one of thecompanieshas been organizetb discuss the project and better understand their
perspectives andnderstandthe logistial requirements and needs of industry

In terms of activitieglreadyperformed, aiterature review haseenundertaken(Appendix 2)listing
the designsand materialsthat have already been useglobally as wellas summarisingprevious
initiativesin termsof their efficiencies effectivenesscostand the lessons learr{topez et al., 2016;
Moreno et al., 2028, 202(; Zudaire, 2017)Regular meetingwith ISSF collaborators amatential
fishingcompary partnershave been occurring since the beginning of 2022. An agreement has been
made to test theklly-FAD developed by IS@Roreno et al., 2022, 2020Piscussions are contiimg

in terms ofbase portsdFAD construction locatiorend materialdo be purchasedA purchase order
for the satellite echesounder buoys to be deployed on tlexperimentalbiodegradabledFADs has
been issuedFinally,a dedicated form to collect datanothe effectiveness and conditions of the
experimentalbiodegradabledFADs has been drafted (Append)xahd will be reviewed and endorsed
by the projects stakeholders

Work on the communication and engagement strategy, including with the purse seiror,sexESstal
communities, managarand fisherieglepartments NGOs will alsanticipated tobegin Definingways
to communicate and inform the ROP and all fishing companies wdhbmportant step to gather
independentdatasourceso compliment the operdonal data from thepartnerfishingcompanies.

As the project has not been able to start as planned in 2021, both in terms of work conducted and
expenditure, the project is expected to require an extension at some point, likely at no additional cost
to complete the required activities under the original funded workplan.

We invite WCPFGSCS to:

- Note the delays in the activities planned due to the CGMIPandemic.
- Note a nacost project extension of at least one year can be expected teeested from
the donors and the WCPFC.
- Note the updated timing of activities, including those planned over the first year of the project.
- Note that first resultsfrom this projectare expected tde available by SC19.
- Note the review of worldwide trialef Nonentangling and Biodegradable dFADs presented in
Appendix2.
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Appendix 1.Potential form to be filled up by vessel captains.

*, Pacific

3 Community

=" Communauté | FTTT3ime ™
du Pacifique | Sl i

BIO-FAD DATA FORM
W(CPFC Project 110 Non-entangling and Biodegradable FAD trial

Created April 2022

General Information

Vessel name Company name | Skipper Name

Date and time (am7) Latitude Longitude

¥y MM DD hh mm (dd*mm.mmm’) N/S (dd*mm.mmm’) E/wW

FAD activity and identification

FAD Activity (tick) FAD ownership (tick)
Deployment Buoy deactivation This vessel
Visit Buoy loss Other vessel from company (specify)
Retrieval Buoy replacement Other vessel (specify)
Set Other (specify) Unknown

Comment on FAD activity and ownership

Type of FAD (tick biodegradable (Bio) or Conventional (Conv) FAD and enter number)

Bio-FAD fick) | [Bio-FAD Number [Conv-FAD (tick) | | Conv-FAD Number
(1) Bio-FAD information | (2) Conventional FAD information
Fill up part (1) and {2} in case of joint-deployment
Buoy ID number IBuoy ID number
New buoy ID number (if replaced) INew buoy ID number (if replaced)
Design type (tick) Flotation (tick) Raft type (tick) Submerged structure (tick)
Jelly-FAD Surface Bamboo raft Ropes
[Other (add in comments) Submerged Bamboo bundle Canvas
FAD depth (m) Weight type Metal Bamboo
Weight (kg) Plastic Palm leaves
State of FAD (tick) Raft Submerged struct. Other |Corks Open net
Good Other (specify) Net rolled up
Needs repair Raft cover (tick) Other (specify)
Destroyed Not covered Flotation (tick)
Not visible Canvas Surface
Abstent Netting Submerged
Raft repaired component Other (specify) Weight type
Raft replaced component FAD depth (m) Weight (kg)
Submerged repaired component
Submerged replaced component

Comments/drawings on FAD information and design

Catch data

Catch YFT BET SKJ Bycatch Total

Tonnage

Comment on catch and set




Appendix2. Review of previous NeEntangling and BiodegradaldE-AD trials
and potential biodegradable materials.

1 Historical review of modedtested, from conventional dFADs to NelBntangling and
BiodegradabledFADs
1.1Conventional dFADs

1.1.1 Common designs in theastern and Central Pacific OceanGPQand
worldwide in the 2000s

In 2009,dFADs mainly consedl ofbamboo rafts of 46 n¥ covered with old purse seine black netting
and submerged appendages of old purse seine nets agfwmtl a few meters up to tensfaneters)
(Franco et al., 2009Yhe mesh size of theetting is usually betwee200-900mm. Smaller mesh sizes
were considered tattract sessile organisms, amgiickly becomdouled and unmanageable due to
heavyweight, while large meshnetting led to turtle and shark entanglemeatA segment of chain or
cablesvassometimes used aseightto maintain the net in a vertical position. Other designs inctude
bundles of bamboo, with the advantage that turtles canalitnb on top of it, however itvas often
not preferred by fishers ag was more detectable by other fishers and considédito not provide
enough shad. Blackpurse seinenetting wassometimes replaced by black plastioscover the rafts
Plastic floatsfor instance recycled from thpurse seindloat line Ethylene Vinyl Acetate copolymer
(EVAwere also used to insure buoyancy. PVC piper® also used in the Pacific Ocg@&mnanco et al.,
2009)

The criteria used bydhers for designingFADsas described bifrancoet al. (2009)are the following:

1. Efficiency to aggregate tunawith the three following factors considered important by
fishers:i) fouling organisms on the nettingj) shade produced ly the structure of the FADand iii)
length of the hanging panel of netting

2. Not detectable by other vessels

3. Availability and low cost of materials

4. Ease to construct onboard

Figure 1.Classical dFAD in the 2000s, fréirancoet al. (2009) © Fadio/IRD/AZTI/gmorendeft) and ©
Fadio/IRD/ Ifremer/mtaquetrfiddle left and right, andight).

In the WCPOJFADdesigns varied depending on the flegtano, 2007; Itano et al., 2004aU and
Japanese fleets used the common bamboo raft, with additional buoys to insure buoyancy (Figure 2).
While the Tawanese fleetgenerally tiedbamboosin a bundle, andan arrayof colorful attractors
attached to thepurse seinaetting were usedin the submergel part ofthe structure. US vessels were
usinga combination obamboo rafts as wellsPVQubes (Figure 2), althoughwas considered more
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expensive than buoys fromurse seinefloat lines, the laterwas preferred. Several designs with
bamboo rafts and purse seine tieig were tested by the US fleets in the Eastern Pacific Ocean (EPO)
in the 1990s and are described Armstrong and Olivef1996)

£3

—— -

Figure 2.dFD desin used in the WCPO in the 2000s, ftano et al. (2004) typical Europeant@p-left); US
(top right); Japanesebpttom left); and Taiwanesébttom middle andright).

1.1.2 Current designs in the WCPO

The current designs of dFADs in the WG@REsLill very similar to the ones described above in the
2000s(Abascal etal., 2014; Escalle et al., 2018; Phillip and Escalle, 2P2@e seine floats and
bamboo canes are the most frequent materiéds dFADrafts. In terms of submerged appendages,
netting panelsare stillthe most common, usually in combination withains, cable rings and weights
and or ropes.Spanish companies have however declared to mostly useentangling dFADs (98.5%
of rafts and 100% of submerged appendages) including in the V8EER014 (Gofii et al., 2016)
Average dFABaft dimensionsare 2.37m = 1.11in length and 1.15m + 1.04width; and adepth of
hanging appendages d..17m + 24.20(Abascaét al., 2014) Note that deeper dFADwere founceast

of 180°EandshallowerdFADsn archipelagic waters

1.2 Non-Entangling (NEffADs
1.2.1 Alternative designs tested in the 200D8shers own initiative

In the 2000s alternative dFADlesigns were also tested by fishers. These included some subsurface
dFADs (Figur8) with apolyethylene pipe cylinder in thepper part and agricultural netting material
(Franco et al., 20095ubsurface drums filledith bait was also tested (Figu8).
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T NS :
Figure 3Alternative dFAD designs tested in the 2000s, flmancoeet al.(2009) © Inpesca left andmiddle) and
© Fadio/IRD/ Ifremer/mtaquetr{ght).

1.2.2 First trials oNEdFADs

First trials ofNE(and biodegradable where possible) dFADs were implemented inttian Ocean
(10)in 2005, by sveralSpanish fishing compani€@3elgado de Molina et al., 2006, 2008)total of 22
different designs were tested. Three main shapesaéifwere tested: cylinder, grid, and raft. Cylinder
models were commonly made with rubber tubing (empty or filled with sand), sailcloth;rsztomial
fabric or jute and ropes (sisal or plastiased). Buoys from purse seift@at lineor cork were also el

to ensure buoyancy. Depshvariedgenerallybetween3 to 6m and sometimes a tail plrse seine
netting (additional 15m).

Only eight sets were performean the NE dFAPrototypes with limited assessment of prototyge
performances in terms of tuna aggration and related catches. The duratiorsata of each prototype
is also not discussed. However, authors noted, the absence of entangled animals.

Figure 4.Examples of dFABesigns tested in the scientific trial to reduce entanglement of sharks and turtles
from Delgado de Molin&t al. (2006)
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1.2.3 Ecological dFADs proposed and teste&tayco et al. (2009, 2012)
1.2.3.1 dFAD designs proposed Byancoet al. (2009)

The firstNEa n d

Bi odegradabl e

dFAD

desi

gns

"praompd swdar e w

proposed by Franco et al. (2009) to be tested by fishers, but performances and longevity were not
discussed in the paper as no trials were implemented yet. One design consisted of a bamboo raft
covered with palm leaves, and a submerged structfrsisal nets tied up in sausages. The second
design proposed was also a bamboo raft covered with thin bamboo screening, and a submerged
structure made of half biodegradable mussel ropes hangiagJishape Palms leavewsere also used

as attractors.

Ecdogical dFAD 1

Raft: 2X3m

Raft: 2X3m

Ecological dFAD

/
7

!

2

Item

Quantity

Cost (in euros)

Item

Quantity

Cost (in euros)

Bamboo canes

10

Bamboo canes

10

7.5

Bamboo screening

12X5m)

Bamboo screening

12X5m)

19

Sisal net

6

Mussel ropes

60 meters

60

Instrumented Buoy

1

Instrumented Buoy

1

1000

Total cost of FAD gear

1

Total cost of FAD gear

1

1086.5

Figure5 Ecol ogi cal ”

1.2.3.2 dFAD designs tested Byancoet al. (2012)

d F A Drsancobteak (2009tsbe t@sted lpy dishersd

n

TwoNE andiodegradable dFAprototypes were tested in thétlantic OceanAO) between 2010 and
2011(Franco et al., 2012)y the Spanish fleet. The raft its@isthe same, a bambowaft of 2*2.5m
(1723 bamboos), but the submerged appendages differed in both prototypes. The first @he ha
submerged appendages madesitsisal ropes ending together at 25m aextended by asinglesisal

rope hanging at 60 meters depth with2&kgweight (EXP 1, Figure 6). Palm leavere attached to

the sisal ropes to provide shadnd volume. The secondqiotype had submerged appendages made

of a 9mlongthick sisal rope (50mm of diameter), followed by a sisal netting thite sisal ropes with
palm leaves hanging until 60m depth (EXP 2, Figure 6).

No resultgegardingiuna catch or longevity atea weradiscussedn these trialsHoweverthe authors
noted that biomass detected tthe echosounder attached to these prototypes was low (maximum of
17t). Alargedeployment of these ecological dFADs was planned for the following years.

13



EXP 1 EXP2

bamboo poles (17) € bamboo poles (17)

Depth 2, Depth
om 'R .. - e - om .

“~ EVAFloats (6) s

BUoY pope (15 m)

BUoy Rope (15m)

al Rope (0 mm @)

Sisal Ropes (30 mm @)
™ Sisal Ropes (30 mm @)

> Sisal Net (70 mm MS)

&

= Sisal Ropes (30 mm @)

~
Weight (26 kg) " Weight (26 kg)

Figue 6.Biodegradable and neantangling dFAD designs tested in 262011 in theAOby Francoet al. (2012)

Figure 7.Picture of biodegradable and nemtangling dFAD tested in 2042011 in theAO by Francoet al.
(2012)

1.2.4 NEdFAD designs tested Boujon et al. (2012)

Designs of dFA®Nsideredas e A D” méanrbhge & s H amekn tfarnigd nvdnegy "F A
developed and tested by the French fleet in ®andl0in 2016-2012(Goujon et al., 2012Yhe maximum
lifetime of conventional dFADs (time betwedeploymentand loss or replacement) was considered to be at
eightmonths similar lifetime was sought fohte “FeAcDo” pr.ot ot ypes

Three designs were developed and tested (Figure 8). The raft was identical thrébalesigns, with 8o
12, 2m bamboo canes and cork floats, covered g 2 layers of thick black smatiesh netting (50mm)
sewn togetherBlackcotton clothto cover the rafts asalso tested It wasconsideredhot durableenough.

The firstNEdesign had submerged appendages made of 1 to 4 recycled ropes weighted by a piece of chain
or cable at the bottom and with salt bags or small unbraidedices of recycled ropes attached as attractors
(Figure 8). The secondE design had submerged appendages made of one or two nets twisted into a

“sausage”, hanging from the middle of the raft,
sdt bags or small unbraided sections of recycled ropes attached as attractors (Figure 8). TNEt@Esign
had submerged appendages madeoe#2 st ri ps of nets twisted into a

or cable at the bottom, attached to theorner of the raft, and with salt bags or small unbraided sections of
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recycled ropes attached as attractors. The lasb dFAD designs were preferred by the fishers
(corresponding to 98% of the dFADs tested).

A total of 1103NEdFADs (+67 additional dF&Eeleased but without information collected) were deployed.
Two cases of entanglement of sharks weeported, when the net was insufficiently braided and sewn.
Similar level of tuna catolvasdetected on the new NE dFADs (average of 26.5t/set from &jJ sempared
to conventional dFADs (average of 25.2t/set).

'

Figure 8NEdFAD designs tested in 262012 in theAOandIOby Goujonet al. (2012) design Btép), designC
(middle) and design Dbpttom).

1.2.5 Towards adoption of LER or NE dFADs in most ocears basin

Bycatch reduction workshops with fishdesad bylSSkprovided some insight into fishers behavior, and
in particular here, the adoption of new dFAD designs, such as LER and NERIG&XB D) Murua et
al., 2017b, 2017a)
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Figure 9.Type of dFAD designs from highest Entanglennisikt dFADs ttNEand Biodegradable dFAQKSSF,
2015)

1.2.6 Performance of shallow vs standard depffADgSchaefer et al., 2021)

Trials of two types of NEFADs were implemented in the EPO to assess the effectiveness of shallow
depth (5m) dFADs compared to standard depth (40m) dFADs. 150 dFADs fromrctatipe were
deployed in 2015. Both prototypes were NE dFADs, with small mesh netting and pursaettinge
twisted and tiedas submerge@ppendagedor the standard depth dFAD (Figure 10).

Figure 10Prototypes of standard (~40m) and shallow NE FADs tested in théSER@fer et al., 2021)

Drift patterns were similar between both prototypes, but the speed was slightly faster for shallow
depth dFADs. DFADs were equipped with Marine Instruments M3i buoyseaaldiations of the
timeseries of acoustic datadicated diffeences in aggregation patterns of tuna and Hona species

for both prototypes. Thaverage time before aggregatidoy i) nontuna species was 15.3ags for
shallow dFADand 18.2 dys for standard dFADs; and ii) tuna vé@s2 days for shallow dFACmd
70.2days for standard dFADs (Table 1).

Ceneralized additive mixed models with Bayesian inferameee used to study the catch per set and
showed nasignificant differences in catch raté®m sets on shallow and standard degtRADsThe
authors also foud a similar proportionin terms ofbigeye tuna in the catch on the shallow and
standard depthdFADgFigure 11)
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Table 1.Summary of aggregation times (days) by #tionas and tunas for the two NE FAD prototypes tested
estimated, using acoustic data frometMarine Instruments M3i echosounder buoys attached to the dFADs
(Schaefer et al., 2021)

Standard Shallow

n x Range n x Range

Non-Tuna 143 18.2 1.1-101.2 146 15.3 3.2-655
Tuna 128 70.2 1.5-270.5 130 62.2 3.3-248.3

Bigeye # Skipjack # Yellowfin

— — %) )
(=] W (=] wn
T 1 T 1

Catch (tons per set)

w
1

Standard Shallow
DFAD Type

Figure 11.Expected catch rate per set (t) by the two NE FAD prototypes tested from a Bayesian geoadditive
GAMM with hurdle loghormal likelihood(Schaefer et al., 2021)

1.3BiodegradablgBIO)dFADs
1.3.1 Fishers/scientists collaborative developmenBtdFAD design@vioreno et
al., 2016a)

In 2016, a workshop between fishers from all oceans and scierfaisibtated i) designof new BIO
dFADsandii) reviewof the different alternative materials that could be us@doreno et al., 2016a)
Variabilityin the expected lifetime of a dFAD for fishers wiacussedwith views thatdependingon
the region andcean, dFADs could last betwedr-12 months in theAQ, 6-12 months in the EPO; and
12 months in thdOand WCPO.

SeverBIOdFADsvere designed during the workshop, from 2m depth (10) te8n (AO), including
five designs with buoys included in the raft to insure buoyancytamdully biodegradable (Figure 12).
The followingmaterialswere selectedor the differentBIOdFAD desigs:

- Balsa wood (buoyancy)

- Bamboo canes (buoyancy and submerged structure)

- Pinewood (surface structure)

- Cotton canvas (cover of the raft, submerged flags and drift anchor)

- Cotton rope with loops (submerged structure)

- Cotton rope without loopgsubmerged structure and to assemble canes and balsa wood

for the raft)

- Tencel ropes (eucalyptus)

- Stone (weight)

- Sand (weight)

- Hydrostatic release (to release the buoy when the FAD sinks)

- Buoys or purse seine corks
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Figure 12BIO d~AD designed during theorkshop described iMorenoet al.(2016) Prototypes 1 to 7.

1.3.2 Scientists trials dIOdFADs in théOin 2017(Moreno et al., 2017c¢)

85 BIOdFADs were tested by ISSF, in collaboration with a Spanish fishing conspgmyrge seiners)
in the IO in 2017 (Moreno et al., 2017c)In parakl, 89 conventional dFADs were deployed and
monitored during the same period.

Two differentBIOdFAD designs were tested (Figure 1). It was decided to allow the use of synthetic
floats in the raft construction, to ensure buoyancy, and be able to test tbhddgradable ropes for
longer time periods in real fishing conditions. Two designs were therefore tested, using ropes made of
100% cotton, with or without loops made Itgaskordarope manufacturer(Figure 13). 100% cotton
waspreviously identified as restiant enough for theequiredlifetime of a dFAD, i.e. 1 year, followed

by rapid degradationMoreno et al, 2017b) The first design was a shallow dFAD, with a depth of 10
or 30m (Figure 13) and the seconds adeeper dFAD at depths of 30, 50 and 70m (Figure 13d). To
allow comparison, both conventional aBdOdFADs were constructed using the same desighwlith
traditional ropes or net tied in sausages for the first category and biodegradable ropes for the latter.
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Figure

left), used to construct biodegradable dFAD tested in real fishing conditions ®tneMoreno et al. (2017c¢)
Two designs were tested, a shallower dFAD at 10 m and 30 m ¢Eptiter right) and d) a deeper dFAD at
depths of 30m, 50 m and 70n.

Preliminary result®nly coveredour months atsea and showed no significant differences in terms of
tuna and nortuna species aggregation patterns (using analyses of echosounder buoy data) between
conventional andIOdFADs and the twdesigns.

Authors mentioned some limitations in termsBFOdFADs that couldot be tested in a certain period
due to the limit in the number of active dFADs that can be monitored by a ¢&3eL, 2019)

1.3.3 Scientists trials of biodegradable dFADs inAfen 2018 (Moreno et al.,
2018)

A workshop was organised with the Ghanaian purse seine and pole and line fleets toRIE¥t@tDs
appropriate to the fishing needs of the Ghanaian fldeveBIOFAD designe/ere develped by the
workshopparticipants,and they allpresented a similar general design (Figure 14). While finding a
successful biodegradable raft is still challenging, purse seine corks were still used to maintain floatation
of the raft. All the submerged appdages were however made of biodegradable materials, such as
cotton. ThisBIOdFAD design was then tested during real fishing condition in large quantities (around
600 BIOdFADSs) but no informationwas available orthe dFAD<sffectiveness, aggregation patins

and longevity

e ;\ ; .o it L)

— PR

Figure 14 Prototypes oBIOdFAD design_ed by the Ghanaian fleet and tested irA®¢Moreno et al., 2018)
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1.3.4 Large scale trial dIOdFADs in théO (Zudaire, 2017; Zudaire et al., 2020,
2019)

A large scale trial of,00 BO dFADs was implemented in 262019 in thelO, in collaboration
between European research centres (AZTI, Institut de recherche pour le
développemen(IRD andInstituto Espafiol de Oceanografi&Q , ISSF and the EU tropical tuna purse
seine fleet(Zudaire, 2017)Five prototypes athree main types, were designhed and tested during the
project duration. These included fs h e r me n’' s , prefegencesand meedsih [grticular the
different drifting performancesoughtby eachfisherwere considered. Prototypes includedirface
dFADs (BIGAD prototype Cmedium' deepdFADs (BIGAD prototypes Al and AZ)nd highdeep
dFADs (BIGAD prototypes Band B2)Figurel5) (Zudaire, 2017)Deployment of eachlB dFAD was
accompanied by a conventiordfFAD, for comparisoCondition of theBIO d~AD was assessed at each
visit, and replacement of any part of tf&O d~AD was monitored.

Al A.2 B.1 B.2 C

¢

TRl m * BIO Cover 1 * BIO Cover
Dutad ‘ '\’Vi n +  Raft: 10 canes of ™™ .+ Raft: 10 canes of
e P~ I 3 bamboo s [ bamboo or pallet
) S e~ = 4 floatsin raft 8 b~ raft + bamboo = BIO Cover )
= 3 floats to buoy * 4floatsup1,5m * 10 canes of bamboo
i g~ * Main rope BIO [ from raft = A4floats in raft
Dt | 40 or60 m [~~~ . 3 floats to buoy * 3 floats to buoy
Ay v~ « Atractors BIO ™~ + Main rope BIO = Atractor BIO: 8 units
- U 1m every 2m of e 80m of 5m looped rope
main rope l~—~_ = Atractors BIO * There is not weight
i c 1-10 KG WEIGHT * Weight: 1-10 Kg i 1m every 2m of
vy b~ main rope
0 » Weight: 15 Kg

Figure 15Prototypes oBIOdFADdesigned and tested by the EU fleet in ti&in 20172019 (Zudaire, 2017;
Zudaire et al., 2020)

Figure 16 Prototypes oBIOdFAD Al designed and tested by the EU fleet in@ie 20172019(Zudaire, 2017,
Zudaire et al., 2020)
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Table 2.Weight comparison between BIO and NE materials for each protdBydaire et al., 2020)

TOTAL Biodegradable Synthetic Total Weight  Total Synthetic weight

weight (kg) Material (Kg)  Material (Kg) in BIOFAD (Kg) in BIOFAD (kg)
Al- BIOFAD 67.6 47.1 205
| 44% { 81%
NEFAD_1 121.4 12 109.4
A2-BIOFAD 60.1 39.6 205
{ 50% { 81%
NEFAD_1 121.4 12 109.4
B1-BIOFAD 79.4 48.9 305 o 27% 1 51%
NEFAD_2 62.6 0 62.6
B2-BIOFAD 48.4 15.9 325
+11% J 40%
NEFAD_3 54.4 0 54.4
C1-BIOFAD 46.4 309 155 1% 4 54%
NEFAD_4 45.9 12 339

Materials used included bamboo or wood, cotton canvas and two types of cotton (dpdaire et al.,
2020) The first rope was a wax covered twisted cotton rope and was used for the largeesydl
appendaged part (i.e., main rope). Thexwsed was a nohazardows palm oil derived wax (EC
1999/45/EEC), with a melting point interval between-88 °C and it is nosoluble in water below
70°C. The second rope was twisted looped cotton rope; and was used aslestgiit attractors
attached at intervals to the main rep

A total of 771 BO d~ADs were tested between 2018 and 202@he IO, with a majority of prototype
Al (71%; compared to 8% of A2 4% of BL, 2% to B; and 5% to Cl)Zudaire et al., 2020, 2019)
Condition of theBIO d~ADs was assessed and indicated different degrawlatites depending on the
materials and part of the raft considergBigure 17)

Cotton canvas used to cover the raft and replace synthetic netting was starting to degrade during the
first month atsea and were considered in bad, very bad or absent ciomditafter3 to 4 months in

50% of theBIO dFADs (Figurer). Degradation was slowerifthe main cotton rope used as submerged
appendages and the looped cotton rope used as attractors. Both ropes were considered in very good,
or good conditions until théourth month atsea, however some were missing after the firstriio
already (Figure 7). In the fifth month, the ropes were absent in 70% of the visits. Fishers mentioned
that the absence of the ropes was likely due to deficient attachment between rdftah rather than

due to a high degradation of the material. Note that afs&xmonths, the number of visits were too
small to assess the conditions of the different materials.

Lifespan of NE and® d-ADs, defined as the period between deployment drelday thedFAD was
considered no longer active, was investigated with a maximum lifespan ofl@venonthsfor all
prototypes except B2 (limited number of deploymentdighest lifespan values wedetected for BO
dFADSB1 (average of 242 days) ard. (191 day}, andNEdFADs A1209days)and (182 day3.
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Figure T. Status control assessment for the cotton canglaft), main cotton ropgmiddle)and the cotton rope

used as attractorgright) for BIOdFAD (upper figurgsand synthetic material used as covft), tail (middle)

and attractors(right) for NEAFAD (down figures). Stage 1 =Very good; Stage 2 = Good; Stage 3 = Bad; Stage 4 =
Very bad; and Stage 5 = Abséntidaire et al., 2020, 2019)

A total of68fishing sets were made on tlt&=ADB from the project, including6on BO d~FADs an@2

on conventional NBFADs. No significant differences in the cataetml catch or by speciebetween

BIO d~ADs and conventional MEEADs was detected (Tal8e(Zudaire et al., 2019)t can be noted
that for both NEand BOdFADs, most sets were performed on Al prototypes.

Table3. Catch data (maximum and mean in tons), number of sets, number of deployments and % otikgédby
type and prototypgZudaire et al., 2019)

__ BIOFAD  CONFAD _
Max (tons) 150 225
Mean (tons) 27.96 44.2
+SD 33.61 48.66
Sets 36 32
Deployments 771 736
% use 5% 4%

Al A2 Bl B2 Cl
Max (tons) 150 75 0 0 0
Mean (tons) 32.21 40 0 0 0
+SD 34.36 49.49 - - -
Sets 26 5 2 0 2
Deployments 545 142 29 18 37
% use 5% 4% 7% 0% 5%
_ Al A2 Bl B2 Cl
Max (tons) a8 225 0 0 70
Mean (tons) 29.38 75.71 0 0 67.5
+SD 23.83 81.56 - - 3.53
Sets 21 8 0 0 3
Deployments 497 128 43 20 42
% use 4% 6% 0% 0% 7%

Similar p#tern of tuna aggregation was detected betweetOBand NEJFADs (Figure 18), with no
statistical difference in first day of detection found betwedRAD types and prototypes. However,
when distance betweerdFADs was considered, faster tuna presence was detected idFNBEs
compared to BO dFADs. Higher oapation ratios vere also detected in NEFADs compared tol®
dFADs (Figure 18), particularly for prototypes A2 and B (not for prototypes Al and C1).
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Figure 18First day of tuna detection andFADoccupation, bydFADtype and prototypegZudaire et al., 2020)

A1 A2 B1 Al A2 B1 c1

Impact assessment was also performed for all prototypesiOfa®d NEJFADs. In terms of carbon
footprint and marine ecotoxicity, thelB® d=AD prototypes C performed the best. As expected, the
prototypes with the most mateals used had a higher environmental impact score, suchH@sBAD

A and B1. In case of NEAD prototypes, the fact that netting and weight are reused from purse seine
nets highly decrease their carbon footprint score. It should however be mentionedhbampact
generated by lostlFADs is not considered in this assessmbriias also been estimated that the
replacement to BI@GFADs will drive an increase in costs of 1.05% (Table 3).

Generally, prototype Al was consideredths favourite prototype byfishers, and Al presented the
highest number of sets and A2 timghest catch. Both lead to a high decrease in synthetic material
used and an increase in natural materials used. The two cotton ropes were considered as good
candidates to replace syntheticaterials and showed similar degradation rates.

1.3.5 Large scale trial dIOdFADs in th&PQRoman et al., 2022, 2020)

Three prototypes on NE and®dFADs were developed in collaboration with industry partnerthe
EPQ(Figures 19)The prototypes included a bamboo and balsa woalft, with some covering with
canvas (Abaca or cotton) and submerged appendages composechainarope (abaca or cotton),
bamboos, a tightening rope (abaca) and some canvas (cotton; prototype 2 aAd@al of 796 NE

and BOdFADs were targeted to be deployed during the project duration in the EPO. Each deployment
was accompanied by the deplogmt of a conventionaFADs within 1815 miles, and each was
marked with a metallic tagA total of 715 NE andI® dFADs, and paired conventional dFADs, were
deployed between 2019 and 2022. Most deployments werepiadtotype 2 (392), followed by
prototype 3 (209 and 114 prototype 1(114) (Figure 19Table 4).A total of 86 visits and 56 seigere
conducted on the NE BIdFADs (Table 4).
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Figure 20.Prototypes of NE IB dFADs and conventional dFAD tested in the EPO, with corresponding marking
(Roman et al., 2022, 2020)

Candition of the NBBIOdFADs was investigated through timeotetype 1 was observed 12 times, and
the materials of both the floatingbamboo, balsa wood, abaca canvas and rap&) submerged
components(abaca ropes, bamboayere considered to be in good teery good condition afteat
least three months. Prototype 2 was observed 111 times, and the materials of both the floating
(bamboo, balsa wood, abaca canvasgd submergedcomponents(abaca ropes, bamboo), weie
general, considered tbe in a very good condition fewo months agood to fair condition untithree
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months but after that the materials were in poor conditions, particularly for the submerged
appendagesPrototype 3was observediine times and presented thiowest durability. Some of the
materials were deemed to be in poor condition or disappeared after months of deployment
particularly in the submerged appendages pdrhe distribution of days between deployment and
retrieval or last visit was also considered, withauserage of 62, 43.6 and 66.9 days for prototypes 1,

2 and 3, respectively (Figure 19). The conventional dFADs presented an average time at sea of 87.4

days.

Note that prototype 3 was then modified (Figu?d), using cotton canvas and ropes from another
supplier (better quality and thickness), and were tested with synthetic ropes to insure cohesion and
integrity of the NBBIOdFADs. Small nylon ropes were added to reinforce connection between the raft

and the submerged appendages.

Total soak time of experimental FADs

400 -

300 1

Total time (days)
N
[=]
=
1

100

T
Ptyp 2
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T
Ptyp 1

T T
Ptyp3  Paired control FAD

Figure21. Prototypes of BDFADs tested in the EP@oman et al., 2022, 2020)
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Figure22. Average of the NBIOdFADcondition based on soak time. N: number of prototypes in each category
of soak time. 0: Not observed; 1: Excelle2ttVery good; 3: Good; 4: Regular; 5: Poor, and 6: Very Poor. NA: A
NED that is not composed of a specific material (e.g., the submergedsafprototype 1), or the NED or some

of the components
et al., 2022, 2020)
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Similar catch levels were detected both NEBIOdFADs and conventional dFADs, with an ayeaf

34mt/set on the NBBIOdFADs and 31.2 mt/set on the conventiod&ADSs.

Table 4. Number of deployment, visits, sets and catch for each NE and Bio dFAD and conventional dFADs

deployed in the EP@Roman et al., 2022, 2020)

Deployments Visits Sets Catch (mt) Catch per set (mt)
NED - Prototype 1 114 5 8 488 61
NED - Prototype 2 392 73 46 1342 29.2
NED — Prototype 3 209 8 2 76 38
Total NEDs 715 86 56 1506 34
Paired control FAD 705 106 134 4177 31.2

1.3.6 BIO dFAD trials by the Tunac®fleet in the EP(@arcia et al., 2022)

During a pilot project phase 2017,the Tunacons fleetested different d=ADsn the EPO under
standard fishing conditions, by anchoritige test BO d~ADs 9 miles off shores in EcuafiBarcia et

al., 2022) Three main types of biodegradable materials were used: jute, cabuya (agave sisal plant) and
acaba, that are from a sustainable matkavailable in Ecuador and biodegradable. It was assessed
that the BO d~ADs became nefunctional after 25, 35, and 67 days for tBED d~ADs constructed

with jute, cabuya and acaba, respectively (figR8e For the laterthe acaba BD d=ADs, additiondab

tests were performed and indicated that after the 67 days, the loss resistance was 94%S3wehgth
reduction from 251.6 kgF to 13.8 RgF

Figure 3. Biodegradable level ofl® d-AD<onstructed with jute (a), cabuya (gnd abaca (d)Garcia et al.,
2022)

Following the pilot phase, the ababased BO d~ADs were selected for-aea trials. Improvements
to the canvas were carried out to increase impermability and resistance. This intasiedydifferent
treatments, such as usingnimal fat, organic palm oil, fish okangre de dragoand natural
rubber or latex(Garcia et al., 2022 he treatment that showed the best results were natural rubber,
followed by animal fat (cow) and palm oil.

In 2021, the tunacons fleet deployed 20% of their total number of dFADs deplop@aBADs, with

a prototype constructed using abaca fibers (canvas and ropes) treated with natural rubber (Figure 22,
right panel). This corresponds to a total ¢401BIOdFADs. The prototypes tested were similar to the
BIO dFADs tested under the IATTGIBI(Roman et al., 2020, 2022)vith some adjustments that
included addedwo sections of balsa stick of 1.10(@ 10 or 12 cryfor greater flotation and3 sections

of guadua cane of 0.65 m injectedth animal fat as attractanFigure24). A total of 222 visits and
were made on the B) d=ADs (Table 5). The soaking time, defined as period between deployment and
fishing set ranged between 1 and 100 days. The average patcet was of 26.7 tons.
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Figure24. Designs of the I® d-ADgested by the Tunacorfieet in the EPO, protype tested with IATTC (left) and
prototype tested by the fleet in their experimental trial (rigi@arciaet al., 2022)

Table5. Number of visits, setgatch and soaking timéor each BO FADdeployed in the EP®y the Tunacons
fleet (Garcia et al., 2022)

. . visits Sets on Eco- catches in . . . biodegradation biodegradation
fishing cruises Catch per set soaking period .
Eco-FADs FADs Eco-FADs floating part submerged

TUNACONS
188 222 148 3964 26,8 1-100 CMBEIE | DD KR
Fleet 20%R 7%M 28%R 8%M

The condition of théBIO dFADs was assessed during each set (Table 6) and indicated that both the raft
and submerged appendages were in good condition for 60 days, degradation started after 61 days
particularly for the submerged appendages, considered as in bad condition during therih.

Table 6.Conditions of theBIO FAD deployed in the EH) the Tunacons fleet after different soaking periods
(Garcia et al., 2022)

floating . -
soaking period Submerged
structure striictiire S .
1:9 2,1 Muy Bueno 2
Bueno -
Regular 4
3'7 4’7 Malo 5
Muy Malo ]
4,0 4,0 Sin Rabo -

27



1.3.7 TheXlly-FAD¢ a paradigm shif(Moreno et al., 2022, 2020)

A new type oBIO dcFADswas developed by ISSF, in collaboration withitigitute de Ciéncies del Mar
(CSIC, Spaiahd experts in physical oceanography. PragiBO d-AD trials have indicated that when
using a design that is similar to the conventional dFADSs, typically submerged panels hanging from the
raft), the lifetime of the dFADs is shorter than what is expected by fishers {onto nine months,
dependng on the area) due to the structural stress that these designs support and the lower
robustness of biodegradable materials to these stidésreno et al., 2022)Currently there is no clear
alternative for the plastic buoys that are used in the dFAD raft to ensure buoyancy. The new proposed
design also reduces thumberof buoys needed by reducing theeight. Finally, the sizef the dFAD
structure need to be reduced to decrease the impact on the environment, imi¢pasier retrieval and
redudngthe cost of theBIO dFADs.

The purpose oftheneBIOdF AD pr ot ot yfEly-FADal Il edtohmake the dFA
andoringit in the mixed layer depth and having a structure that is almost neutrally buoyant. Hence,
reducing the structural stress that the submerged structure suffers. Controlled experiments were
undertaken to evaluate the density of the materials usedhia Jklly-FAD through time (Figur25).

Materials need to have a similar density to the seater to allow minimum torsion and stress and

therefore decrease the need fdmuoyancy assistanc&@he emergnt part of the kelly-FAD should also

be minimized to avoid surface drag created by wind and wéMeseno et al., 2022, 2020)

A symmetric threedimensional cube structure of 13was ®lected as a drogue, hanging from the
surface using a rope to a depth below the mixed layer depth. Weight (8kg of stone) was used so that
the cubic structure would sink, but once the materials absorbed saltwater to saturation, weight is no
longerneedd. It was found that after 20 days for bamboo and 25 days for a cotton rope of 22mm of
diameter, the materialdoecame fullysaturated in sea water, making the bamboo cubic structure
neutrally drifting in the water column. Weight only nesdito be added so thetructureinitially sunk

and to submerge the dFAD materialkhe surface component of the dFADs needs to be redtaed

limit stress from wind, waves and surface vs deeper currents. A raft was then submergetDiat 5
depth and can act as aggregator and t¢eeshale.

\ F ([ Nando Rive
Figure25. Longevity of the JelFADs testedinder controlled conditionéMoreno et al., 2022)
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1.3.7.1 Controlledtrials in the Mediterranean Se#loreno et al., 2022)

Tenklly-FADswvere deployed in the Mediterranean Sea in 2021 to monitor their integrity over time.
After 7 months atsea, 4 lly-FADs were still intact, 3 had sunk and 3 were stolen or stranded.
Additional trials are ongoing currently in 2022.

1.3.7.2 First trials in the WCPMoreno et al., 2020)

In order to test appropriatdiodegradabledFADtails, considered as the most impactful component, a
conventional raft with a line of purse seine corks covered with-eant angl i ng net ( mesh
were used. Two I® d-AD prototypes were then designed using fully biodegradable submerged
appendages of 60m (Figur@é and 27). Materials used for the submerged appendages included
bamboo, manila rope, jute canvas, palm leaves, and sand or stone. Alternatively cotton cattvas an

cotton ropes(100% cotton 20 mm diameter, 4 strands in torsiQmwére testedto increase durability.

Details about the construction of thielly-FADs are available Moreno et al. (2020, 2022)

The project had an objective of deploying IBI® d~ADs (50 for each prototype), and a matching 100
conventionaldFADs. 49 dFADs (39 of prototype A and 10 of prototypes B) were deplogé@0n
(Table 7\Moreno et al., 2020)Two fishing sets were performed, onen@ach prototype, with 35 and
95t of tuna caught.

~=SS
T 4

\
y Main line connecting the|
\ raft with the drogue

Figure26. Designs of th&lO d=ADdested in the WCPO: prototype A (left), and B (right, ¥i&-FADYMoreno
et al., 2020)
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Figure27. Jely-FADgestedin the WCP@Moreno et al.,2020)

Table7. Number of BO d=AD deployed, retrieved and set on in the WCPO and associated tungMatemo et
al.,2020)

BIOFAD prototype Deployment Retrieval Removal, end use of FAD Set
Type-A 39 1 1 1
Type-B 10 1 1
Total 49 1 2 2
BioFAD Prototype BET SKJ YFT Total Catch
Type-A 35 35
Type-B 65 5 25 95

Total 65 40 25 130

A second trial ofelly-FADs is currently ongoing using cottopes and juste canvas.

1.3.7.3 Large scale trials in the ERPoreno et al., 2022)

In the EPO, the Ugafleet deployed 50QkIly-FADs in 2021 (Figu8). Preliminary results indicated
that 14 kelly-FADs wre set on, with catch rates ranging from 10 to 125 tons (average of 47.9 t). Days
at-sea until set varied from 1.6 mihs to 6 maiths (Table 8 and Figugs9).

\\\\\\\\\\\ “”l il Surface buoy

\\\\\\ 124/ Submerged raft at around 5-10 m (shade effect)
\ ""l}”’/
A\ \\‘ W
Submerged buoy

Vil
i m!!!m/.!’

Main rope (cotton)

Cube (drogue)

ISSF / Nando Rivero

Figure28. JeIIyFADs tested in the ER®loreno et al., 2022)
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Figure 3. A JellyFADs after 5 muths atsea, it was fished, with 45 tons of tuna captured and redeployed in the
EPQMoreno et al., 2022)

Table8. Sets and asciated catch on thdellyFADs deployed in the EPO in 2@RIoreno et al., 2022)

Deployment Months at sea -

FAD Setdate  Days at sea Catch (tons)

date until set
1 29/10/21 15/1/22 129 2,6 40
2 29/10/21 19/1/22 129 2,7 45
3 9/8/21 23/1/22 93 5,6 55
4 29/10/21 1/3/22 179 41 120
5 25/1/22 14/3/22 182 16 125
6 27/12/21 19/3/22 179 2,7 15
7 18/10/21 24/2/22 62 43 45
8 18/7/21 24/11/21 65 43 30
9 18/7/21 12/9/21 93 31 20
10 11/6/21 4/2/22 179 6,0 10
11 9/8/21 5/2/22 182 6,1 10
12 7/8/21 30/1/22 179 6,0 60
13 4/8/21 27/3/22 62 2,1 85
14 22/1/22 28/3/22 65 2,2 10

1.3.7.4 Additional trials currently ongoin@Moreno et al., 2022)

In the AQ three fleets have been or will trial thelly-FADIn 2022 The Ghanaian fleet trialed

a total of 35 Xlly-FADs,but few visits were made due to the loss of tlelly-FADs.
Echosounder buoy trajectories and biomass are currently baiadyzed The Opagac fleet
(Spain) aimed at testing 35RIly-FADs. 84 have already been deployed, with 7 visits made.
ThePevasa fleet (Spain) will @liaround 20Qklly-FADs in 2022n the EPQ 100X lly-FADs will

be tested by the NIRSA fleet in 2022.

1.3.8 Summary of Bio dFADdls worldwide(ISSF)
BioFADs: New Trials and Large-Scale Deployment

2018-Present

44 G
Purse Seine Vessels
6 Gl
18 G Purse Seine Vessels
Purse Seine Vessels XX XXX
eecccccce
LA L L LN LN J ~
14 @ 10 2
Pole & Line Vessels bio-FADs \ 100
XXX Meiestancon Sea* bio-FADs
seceses N 1,000 Wesen e
2020-2021
160 ‘

bio-FADs
ant

CFC = Caroline Fisherie 3t 2018-2021
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Table9. Summary table of B dFAD trials.

. S Mean | Nb sets Max
Referencel Ocean| Year Type of Synthetlc Objective Prototypes| Details Material ND Nb Nb catch | onconv onv FADs Condition | days at Echo Type of
FADs | materials?| deployed deployed| visits | sets mean catch sounder
per set| FADs sea buoy
100% cotton
Shallow ropes
la (10 and twisted
30m) without
loop
Shallow | 100% cotton No
(Moreno Ropes | Hoats in 0 (13%::11[)1(1 roplgzr\),v " Up 6 3:%2:;%:
etal., IO | 2017 Unkn. 85 Unkn.| O NA 5 sets 5-80t months at . 3 types
only raft 100% cotton in
2017a) sea .
Deep ropes aggregation|
2a (30m, 50m| twisted patterns
and 70m) | without
loop
Deep | 100% cotton
2b (30m, 50m| ropes with
and 70m) loop
1 Bamboo,
5 cotton tope
(Moreno Open Hoats in without
etal., AO |2018? P 600 3 loops, Unkn. | Unkn.| Unkn.| Unkn. Unkn. Unkn. Unkn. Unkn. Unkn.
pannels raft
2018) 4 cotton
canvas,
S palm leaves|
Al Medium Bamboo, 545 26 32.2 21 294 191
Ropes . cotton
. A2 Medium 128 40 75.7
(Zudaire, and canvas, Similar
: B1 Dee 43 0 242
2017, 2018 | attractors | poats in P waxed pattern of
Zudaire eff 10 1000 B2 Dee twistted 20 0
2020 raft p tuna
al., 2019, cotton rope agareqation
2020) or looped 90reg
Attractors Cc Shallow twisted 42 2 0 3 67.5
cotton rope
. bamboo and
(':togl‘a“ EPO ?2%122 pgrﬁfgls No 796 1 balsawood,| 114 5 | 8 61 56 34 140
i abaca
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2020, canvas and
2022) rope
bamboo and
RoDbes balsa wood,
P 2 abaca 392 73 46 29.2 100
only
canvas and
rope
bamboo and
Open 3 balsa wood, 209 8 5 38 9
pannels cotton rope
and canvas
. 26.9 t/ set
Garcia Open 20% = o Good = 60 days. Bac Not
2022 EPO | 2021 pannels no 1381 100% check check 1401 222 | 148 | 26.8 (EPO 61-100 mentionned
average) ?
Open A bamboo, 39 1 35
pannels manila rope,
WCPQ 2020 buoys 1149 Jute canvas, Unkn. Unkn. |  Unkn. Satlink
(raft) palm leaves
and sand or
JellyFAD B JellyFAD stone 10 1 95
Moreno bamboo
2020 '
cotton rope
EPO | 2021| JellyFAD | Buoys 500 1| JellyFAD | and canvas 500 14 47.9| Unkn. Unkn. 6 months| Unkn.
AO 2021| JellyFAD | Buoys Unkn. 1| JellyFAD | Unkn. 35|low | Unkn.| Unkn. | Unkn. Unkn. Unkn. Unkn. Unkn. Unkn.
AO 2022| JellyFAD | Buoys 350 1| JellyFAD | Unkn. 84 | Unkn.| Unkn.| Unkn. | Unkn. Unkn. Unkn. Unkn. Unkn. Unkn.
AO 2022| JellyFAD | Buoys 200 1| JellyFAD | Unkn. Unkn. Unkn.| Unkn.| Unkn. | Unkn. Unkn. Unkn. Unkn. Unkn. Unkn.
2 Prices associated to the different models
Table10. Summary table ofrices of NEBIOand conventionatiFAL.
Reference Type Nb Year | Ocean | Materials breakdown ¢C201 f . dz2 & & €| Human effort
Delgado de Molinat al. | NE 126 of 22| 2005 | IO No price mentioned
(2006) types
Francoet al.(2009) Conv 2009 | IO Bamboos: 68 € 6-8 600-1300 6-8 pers. 40min
Recycled PS net : free
Francoet al.(2009) Conv 2009 | PO Bamboos: €8 € >6-8
PVC pipes:
Recycled PS net : free + bought (more FADs used)
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Francoet al. (2009) NEBIO | O 2009 | IO Bamboos: 7.5¢€ 86.5 1000
Bamboo screening: 19¢€
Si sal net or mussel ropes: 6
Francoet al. 012) NEBIO | 44 of 2| 2010 | AO
types 11
Goujon et al. (2012) NE 1170 of 3| 2010 | 1O Price x10 or x20 if biodegradable materials used (Design B) Can transformed the currently
types 12 used dFADs. Which takes <
(design C) or longer (design D
Goiiiet al. (2016) Conv 2014 | AO/IO/P 275
(®)
Gofiiet al.(2016) NE 2014 | AO/IO 122-191
PO 160-170
Morenoet al.(2016) BIO O0type 1 2016 | AO -10 bamboos= 10¢€; Cotton r op|260
Rafia canvas (sail)=130€; Ra
- Bamboo= 6$; balsa=25$; cotton rope= 65%; cotton canvas= 2
0 type 2 AO small cotton ropes= 5%. 310
- Rope =120%$; Bamboo = 12$; small cotton ropes = &&flyas
87$+87%
0 type 3 PO - Canvas= 87$+87$; cotton ropes = 77$; Bamboo = 63; balsa| 280
ropes = 15%
Otype 4 PO 245
-Balsa=25%; cotton ropes = 80$; canvas= 45%
0type 5 10 ?
0 type 6 10 130
0 type 7 10 ?
Morenoet al.(2017) Conv 89 2017 | IO
Morenoet al. (2017) BIO 85 of 2| 2017 | IO ?
types
(Moreno et al., 2019) | NE 2019 260440
(Moreno et al., 2018) 0 of 52018 | AO
types
(plan for
600)
(Murua et al., 2017a) | LER Gonstruction cost of LERFADs weslightly higher than purse sein 1000-1800%
NE net HERFADs, they were still comparable according to |

managersNEFADs, margesigns also require low costs in materig
and are easier to assemble and staveboard, as they have |

simpler construction with ropes and no raft cover is required
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(Zudaire, 2017; Zudair{f NE and| 771 @oal | 2017 | IO Floating structure 30 euros 116 1000 euros 25 euros
et al., 2020) Bio of 1000)| 2019 Canvas: 24
of 5 types Main ropes: 67 206 (+212
Rope attractor: 27 euros as
Floats: 33 replacemen
t cost/yr)
(Roman et al., 2020
2022)
Garcia 2022
(Moreno et al., 2020) NEBIO WCPO | Type A
Type B (raft = conventional: recycled PS corks and nets) 120$ (tail)
(Moreno et al., 2022) | NEBIO EPO 180-280%
3 Potential biodegradable materials considered in dFAD construction
3.1. Review of potentialbiodegradable materials
Tablell. Biodegradable materials explored or tested to be used in the different parts of dFAD construction.
Part of Materials Alternatives Available information and limits References
dFADs currently used
Raft Floats, drums, | - Bamboo -Cheappbut | oses buoyancy with ti m(Franco et al., 2009
(buoyancy | pipes air chamber. Moreno et al., 2016a)
Bamboo Good when combined with other materials to ensure buoyancy. (Delgado de Molina €
Planks, timbers, Green canes or recently cut canes haigher lifetime. Natural oils o| al., 2006)
pallets waxes could be explored to extend lifetime.
- Balsa wood| - Great buoyancy. Ongoing test of raft combining balsa wood and ban (Moreno et al., 2018

(Ochroma pyramidale

- Coconuts

- Containers made of
polymers from natural
origin

canes.
Availability could not be easy in some regions.

- Potential alternatives suggested.

Never been teted ?

2016ajMoreno et al.,
2018, 2016b; Roma
et al., 2022(Murua et
al., 2017b)

(Moreno et al., 2016a
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- Pine wood

- Radiata pine

- Cork

- Recycled Polyamide
from fishing nets

- Blend of Polylactic

Lose buoyancy with time and suffer bites from large marine animals.

Tested in controlled conditions, maintainddioyancyfor least 130 days
when coated.

Tested in controlled conditions, maintainddioyancyfor least 130 days
when coated or not.

Recyckd plastic from circular economyfested in controlled conditiong
maintainedbuoyancyfor 45days.

Biodegradable  thermoplastic = materials  (synthetic =~ mater

(Moreno et al., 2016a

(Delgado de Molina €
al., 2006; Franco et al
2009)

(Zudaire et al., 2020)

(Zudaire et al., 220)

(Zudare et al., 2020)

acid (PLA)/ with biodegradable material certification for peaging applications
Polyhydroxyalkanoate| Recyckd plastic from circular economylested in controlled conditiong
(PHA maintainedbuoyancyfor 45days.
(Zudaire et al., 2020)
Raft cover | Nets - Palm leaves - Cheap. (Franco et al., 2009
Sacks, bags Moreno et al., P18)

- Cotton (Gossypium
spp) canvas

- Bamboo slats or thin
bamboo tied with
galvanised wire

- Black cotton cloth

- Good alternative; exist in dark colours.

- Expansive (estimated at 19euros/5m in 2009).

- Increase furtiveness (water over it) but is not strong enough.

(Moreno et al., 2016a

(Franco et al., 2009)

(Goujon et al., 2012)
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- Abaca fusa textilig
canvas, also known as
Manilahemp

- Jute Corchorus
capsulari¥

- Cabuya (Agave sisal
plant)

- Tested on Bid-ADs in real fishing conditions, lasted for at least 3 mor
Animal lard was applied as antifouling, however, longevity could
increased by coating in with natural products such as rubber
experiments).

- Tested anchored adea andasted for 67 days, with a Strength reducti

from 251.6 kgF to 13.8 kgHreatment were also used to enhan
impermability and resistancén sea water, and the best results we
natural rubber, followed by animal fat (cow) and palm oil.

- Tested anchoredt-sea and lasted 25 days only. Tested i@ BAD trals
in the WCPO.

- Tested anchored agea and lasted 35 days only.

(Roman et al., 2022)
(Garcia et al., 2022)

(Garcia et al., 2022
Moreno et al., 2020)

(Garcia et al., 2022)

Submerged
appendages

Nets
Cords, ropes

- Cotton ropes not
allowing bio-fouling

- Cotton ropes with
loops allowing bie

fouling (used to grow

- Without loops. More stable over time compared to ropes allow
biofouling.

Similaraggregativepatterns were observed for nehiodegradable and
biodegradable dFADs (trial of 6 months at sea).

Ongoing tests (EP@O, 10).

- 3 designs were tested offshoiMaldives for 1 year: i) twisted cotton; i
twisted cotton and sisal ropes; and iii) cotton, sisal and linen ropes
loops. Twisted cotton ropes considered more appropriate (can still reg
year and ductile), while twisted cotton and sisal ropes evéte most
resistant. Need to be tested in real dFADs.

Variations in manufacturing processesl affectdegradation rats.

- Decreased floatability over time, but biofouling could be helpful in
first stages of colonisation. Less resistant over time than ropes not allg

bio-fouling.

(Moreno et al., 2016
2017c, 2018Moreno
et al., 2016a)

(Moreno et al., 2017b

(Moreno et al., 2016
2017c, 2018Moreno
et al., 2017b)
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mussels)

- Other vegetal fibre
ropes

- Coir (coconut husk
fibre)

- Tencel ropes from
Eucalyptus

- Sisal, raffia ropes
- Vegetal fibre nets
(sisalAgave sisalana

<7cm mesh rolled

- Abaca Kusa textilig
ropes

- Manila ropes

- Designs mixing cotton, sisal, lineamdhem. Degradation rate varies wit
the fibre and design used, additional at sea trials are necessary.
Twisted cotton presented slow colonisation rate and one of the hig
initial strength and longevities.

- Tested at anchored FADs in Hawaii. Decompose gquiakt low
biofouling. Could be appropriate for the appendages but not to bind
raft.

- Potential alternatives suggested.

- Potential alternatives suggested.

- Potential alternative suggestedets of 4,5 mm wire width and less thg
80mm mesh sizeEstimated at 7.6 euros for 12fin 2009.

- Testedon BiaFADs in real fishing conditions, lasted for at least 3 mor
Animal lard was appliechs antifouling, however, longevity could |
increased by coating in with natural products such as rubber
experiments).

Tested in BDFAD trals in the WCPO.

Lopez et al.
2019)

(2016

(Moreno et al., 2017a

(Moreno et al., 2016a

(Franco et al., 2009)

(Delgado de Molina €
al., 2006; Franco et al
2009)

(Roma et al., 2022)

(Moreno et al., 2020)

Submerged
appendages

Sacks, bags

- Cotton canvas

- Palm leaves

- Jute (genus

-Used as “flags” t o cdrife anthers. Risher
preferred thicker cotton canvas. Different numbering depending
thickness, thickest (number 12) preferred by the fleet testing it.

- Can last several months

- Too fragile. Becomes covered by sessile organisms and bites

(Moreno et al., 2016
2018)

(Franco et al., 2009)

(Delgado de Molina €
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Corchorusfabric

- Coco fibrefabric

- Abaca usa textilig
fabric

predaors. Fish eating the fabric.

- Too fragile Fish eating the fabric.

- Testedon BiaFADs in real fishing conditions, lasted for at least 3 mor
Animal lard was appliecas antifouling, however, longevity could |
increased by coating in with natdrgroducts such as rubber (Ig
experiments).

al., 2006; Fraco et al.,
2009; Moreno et al.
2016a)(Moreno et al.,
2016b)

(Moreno et al., 2016b

(Roman et a).2022)

Weight Weight - Stones - ex:cobblestone (Moreno et al.,
2016ajRoméan et al.
2022)
- Sand (Moreno et al,
2016ajDelgado  de
Molina et al., 2006)
- No weight - Not used by some fishers, who consider that the weight of encruy (Franco et al., 2009)
animals is enough
- Bamboa with holes (Roman et al., 2022)
- bamboo soaked in | Bamboo aresaturated in sea water after 20 days making them neutr| (Moreno et al., 2022
sea water buoyant in the water column; and there removing the need for wei¢ 2020)
Used for instance in the case of the je€D.
Satellite - Hydmostatic release | - Hydrostatic release before the dFADK. The issue of retrieving buoys| (Moreno et al, 2016)
buoy limit pollution remains.
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3.2. Different materials considered as biodegradable alternativéiscussed with fishers during
workshops

Figure30. a) Bamboo slats (average width = 15mm, varying from appnax to 20mm, and b) thin bamboo;
tied together with horizontal galvanised wires.

Flgure31 Biodegradable dFAD build with balsa wood (a and b); detail of basla wood (c); blodegradable cotton
cava of various thickness (d); and different rope tyfrem natural origin (e[Moreno et al., 2016).

3.3. Trials to test resistance of ropes and canvas for dFAD construction
3.3.1Test of indegradable twine¢Lopez et al., 2019, 2016)

Five natural twines were tested in th&®O (Lopez et al., 2019, 2018) twisted cotton; ii) twisted
regenerated cotton and sisal; iii) plaited and bulked regenerated cotton and linen; iv) plaited and
bulked cotton, regenerated cotton and linen; and v) plaited and bulked regenerated cotton, sisal and
hemp twines (designed, manufactd and distributed by Itsaskorda Cordage Building Supplies).
Twines were first assessed for their diameteeight; breaking strength, defined as the point at which

the twines breaks when placed under stress (in kgf); and Rtex, defined as the linedy demsass

per unit length (1 tex = 1 g/1 m) (Table E)ve samples of 4m of each twine were then tested
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inshore aquaculture grounds in Spain for 161 days to measure degradation in breaking strength.

Under the condition tested, the twines made of tvast cotton (twine 1) and plaited and bulked
cotton, regenerated cotton and linen (twine 4) showed a time a failure (breaking strength reaching 0
kg) abobe the expected lifetime of dFADs-{1® months), with 41d@ and 557d, respectively (Figure

33, derived fom Lopez et ali2016 2019). Both twines showed very different initial breaking strength
(Table12). Authors therefore concluded that material type, construction design, and Rtex are not
sufficient predictors of degradatiomate observed at sea when such twines are constructed
with both different designs and materials. It was also found that plaited and bulked twines
experienced a faster and more complex colonization than twisted twines.

Tablel2. Initial characteristics of five twine types evaluatedlimpez et al. (2016, 2019)

1600

1200

800

Breaking Strength (kaf)

s
S
a8

. . . Breaking strength Diameter Rtex
Twine  Twine type Construction
(kef) (mm) (gr/m)
Cotton Twisted 1645 20 202.7
Regenerated cotton + sisal Twisted 1144 20.62 210.93
. Plaited +
3  Regenerated cotton + Linen 194 16.7 221.16
bulked
Cotton + Regenerated cotton Plaited +
4 . 189 16.4 234
+ Linen bulked
Regenerated cotton + Sisal + Plaited +
5 288 12.2 212.87
Hemp bulked

* Twine 1
A Twine 2
= Twine 3
+ Twine 4
= Twine 5

Time (days)

Weight increase (g)

100

Time (days)

-+ Twine 1
& Twine 2
=~ Twine 3
=+ Twine 4

100 150

Figure 3. Relationships between breaking strength (kgf) and soak time (days) (a); and weight (g) and soak time
(days); for the 5 different biodegradable twines testedlmpez et al. (2016019)

41



3.3.2Test of biodegradable ropésloreno et al., 2019, 2017b)

Three types of rope wermonitored incontrolled conditionsduring 1 yeaiin the Maldives in 2016

(Moreno et al., 2019, 2017b)

- Twisted 100 % cotton rope: 20 mm diameter, 4 strands in torsi¢b645 Kg breaking strength

- Twisted 50% cotton and 50% sisal rope: 20 mm diameter 4 strands in tordiba4Kg breaking
strength).

- Cotton, Sisal and linen rope with loops (similar to thosedusemussel farming but made of
natural origin): 16 mm diameter core with lo¢p94 Kg breaking strengjh

The three ropes were selected based on the following criteria: accessibility and availiabhityh

guantities cost; 100% natural origindiametereasy to handle onboardvailabilityas close as possible to
fishing grounds

The most resistant rope was the cotton and sisal twisted rope, followed by the 100% cotton rope (Figure
35). Authors however mentioned that the 100% cotton twisted rope was matching the characteristics
needed for use in biodegradable dFAD construction. The breaking strength showed that the rope could
be resistant for the expected lifetime of a dFABsa4, i.e 1 year, then degrade quickly, compared to the
cotton and sisal twisted rope that would remain strong after 1 year. It is also ductile and easy to use for
fishers. The rope with loops will allow biofouling, but is not strong enough as a main rope. Hpwever
authors suggested that this rope with loops could be used as attractors, hanging from the raft.

Manufacturing process and quality of cotton could affect rope degradability and strength, so a different
cotton rope from the one used biloreno et al.(2017b)might be less resistant. Is be noted that
degradation was found similar in a lagoon and offshorejanrsimilar temperature, light exposure and
oxygen levels.

0N

Figure34. Biodegradable ropes made of (a) 100 % cotton; b) 50% cotton and 50% sisal; and c) cotton, sisal and
linen rope with loops, tested byloreno et al. (2017hb)
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Flgure36 Settmgs of the experiment to study degradation with time of biodegradable ropesidils, tested
by Moreno et al. (2019, 2017b)

Type 1: Cotton ; 3 ’ : : . . Type 3: COttOl’l, SlSal,
RAB A ' Linen, with loops

- Type 3: Cotton, Sisal,
; Linen, with loops

2 \ \ IR A OISF/Rqaz}nuharee
Figure37. Blodegradable ropes tested Moreno et aI (2019, 2017l;a)fter 2 (top) and 12 (bottom) months -at
sea.

3.3.3.Test of biodegradablmpes in real fishing conditions
100% cotton ropes with and without loops were tested in real fishing condition and were working for
at least 4 monthsNloreno et al, 2017c)

Figure38. Biodegradable ropesade of(a) 100 %otton without loop andb) 100 %eotton with loops,
tested in real fishing conditions oreno et al.(2017¢)

3.3.4Evaluation of natural fibre mes degradabilityWang et al., 2021)
The degradability of thee typesof natural ropes, i cotton rope (3strand, 96thread, twisted, Slay)
ajute rope (3strand, 13thread, twisted, day), andiii) asisal rope (&trand, 8thread,twisted, Zlay)
was performed by evaluating breaking strength and retention ratio of rupture elongéiitang et
al., 2021) The cotton rope was the one maintaining its integrity for the longest, with breaking strength
at half initial value after 10 onths of soaking time atea and stable retention ratio of rupture
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elongation. To the contrary, a sharp decrease in breaking strength was found for the jute and sisal
ropes, after the first month asea only.

Tablel3. Structural parameters for three types of ropes tes{®dang et al., 2021)

Diameter Lay Construction Linear Cost
Rope type (mm) length density (dollar
(mm) (ktex) per
meter)
Cotton 3- 14.5 37.7 96-thread, S- 35.253 0.30
strand lay®
twisted
rope
Jute 10.5 36.5 3-ply, 13- 46.898 0.16
thread, twisted,
Z-lay”’
Sisal 11.0 39.5 3-ply, 8-thread, 50.922 0.35

twisted, Z-lay”

* Twisting the strands in clockwise direction.
> Twisting the strands in counterclockwise direction.
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Figure39. Variation of breaking strength (left) and retention ratio of rupture elongation (%) (right) with soak
time (months) for three types of ropes over a total periods of 10 mofiang et al., 2021)

3.3.5Test of natural canvas resistan@Garcia et al., 2022)

Three nain types of biodegradable materials were tested on FAD ancharedmiles off shores in
Ecuadoby the Tunacons fleet in the ERPGarcia et al., 2022 heg includedute, cabuya (agave sisal
plant) and acaba, that are from a sustainable market, available in Ecuador and biodegradable. It was
assessed that the IB FADs became nefunctional after 25, 35, and 67 days for ti8&#O FADs
constructed with jute, calya and acaba, respectively. For the later the acddBDs, additional lab

tests were performed and indicated that after the 67 days, the loss resistance was 94% (with a
Strength reduction from 251.6 kgF to 13.8 kgF
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