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CHAIR REPORT OF THE 1ST JOINT TUNA RFMO FAD WORKING GROUP MEETING 
(19-21 April 2017, Madrid, Spain) 

 
 
1 Opening and meeting arrangements 
 
The meeting Chair, Mr. Stefaan Depypere (Chair of the Kobe process), opened the meeting by welcoming all 
the participants to the first joint Tuna RFMO FAD Working Group (the Group) meeting and stated his hope 
that it would be the beginning of a process of coordination and cooperation between the t-RFMOs. He noted 
that the last meeting of the Kobe process Steering Committee had identified the benefits of coordinating the 
work of t-RFMOs on FAD related issues and the need to hold a Joint t-RFMOs FADs working group. The Chair 
then thanked the ICCAT Secretariat for coordinating the preparation of the meeting in cooperation with 
IATTC and IOTC Secretariats. He also thanked all the Chairs and Keynote speakers for their availability and 
contribution to the meeting, as well as the European Union and FAO (via the Common Oceans ABNJ Tuna 
Project) for providing financial support for this initiative. 
 
The high level of participation in the meeting was noted, which showed the interest that all stakeholders 
have in this topic. The Chair stated that “fish aggregating devices (FADs) have been used as a fishing technique 
for centuries, and are now extensively used in purse seine fisheries for tropical tuna. However recent 
exponential increases in their numbers and technological developments, and the possible adverse impact these 
trends might have on the fish stock dynamics and also on the oceanic ecosystem, have put FADs in the spotlight. 
While the use of FADs does not automatically lead to overfishing of tropical tunas, there is a risk that the 
continued growth of their use in tuna fisheries at the current pace could increase overall fishing pressure on 
tuna stocks (and in particular juveniles) unless framed by adequate management measures. In addition, FAD 
associated fishing has impacts on by-catch species and when lost and dismantled by currents and tide effects, 
man-made FADs may also have consequent impact on the environment, due to the non-biodegradable material 
they are made of or due to damages they may cause to vulnerable coastal habitats, such as coral reefs”. 
 
The Chair concluded by stating that “to date, although management plans have been adopted in several t-
RFMOs allowing for a better monitoring and data collection on FADs associated fisheries, there is still lack of 
sufficient information and data on FADs. It is important to improve collection of data and their harmonisation 
and comparability across all t-RFMOs so to have a solid scientific base for the adoption of meaningful 
management measures. For a proper and successful management, the involvement of all stakeholders is 
needed: scientists, industry and managers. This meeting has brought together all the different actors involved. 
The different sessions of this meeting will look at the different aspects surrounding the use and management 
of FADs and the array of presentations on the different topics, will hopefully stimulate a lively debate. The Chair 
stated his wishes that by the end of this meeting a better understanding of all issues surrounding the use FADs 
will be reached, and a set of concrete actions and priorities which will form a blueprint for future work for all 
tuna RFMOs will be formed”.  
 
The Chair handed the floor to the ICCAT Executive Secretary (Mr. Driss Meski), who provided logistical 
information regarding the meeting. He further extended his welcome to the participants to the first meeting 
of the Joint t-RFMO FAD Working Group and thanked the EU and FAO/ABNJ for the provision of financial 
support. Mr. Meski then welcomed the Contracting parties from the three tuna RFMOs present at the 
meeting. In total, 35 Contracting Parties, namely Belize, Colombia, Costa Rica, Côte D'Ivoire, Ecuador, El 
Salvador, European Union, Gabon, Ghana, Guatemala, Equatorial Guinea, Honduras, Indonesia, Islamic 
Republic of Iran, Japan, Kenya, Liberia, Mauritius, Mexico, Mozambique, Nicaragua, Nigeria, Pakistan, Peru, 
Republic of Maldives, Sao Tomé y Principe, Senegal, Somalia, Sri Lanka, Sultanate of Oman, Thailand, 
Tunisia, U.K. (O.T.), United States and Venezuela. Also in attendance were 8 non-governmental 
organisations and entities, namely Greenpeace, IPNLF (The International Pole & Line Foundation), ISSF 
(International Seafood Sustainability Foundation), MSC (Marine Stewardship Council), PEW Charitable 
Trusts, SFP (Sustainable Fisheries Partnership), TRI MARINE, and WWF (World Wildlife Fund). The list of 
participants is provided as Appendix 1. 
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2 Adoption of Agenda and assignment of rapporteurs 
 
The Agenda was adopted without changes (documents j-FAD-01 and j-FAD-02A attached as Appendix 2). 
It was, however, clarified that all participants would have an opportunity to comment on the 
recommendations drafted by Sessions Chairs and t-RFMOs FAD WG Chairs during the meeting held on 
Thursday night (Point 9). Appendix 3 lists the documents made available to the meeting participants. The 
latter are appended at the end of this report. 
 
The following representatives served as rapporteurs for the various sections of the report: 
 
Items 1 to 3 and 9 to 11 – ICCAT Secretariat  
Item 4 – ABNJ/FAO 
Item 5 – ICCAT/SCRS Chairs 
Item 6 – IOTC Secretariat 
Item 7 – IOTC Secretariat 
Item 8 – ORTHONGEL/OPAGAC 
 
 
3 Review of the state of play and progress on tuna (anchored and drifting) FAD fisheries in all 

three t-RFMOs 
 
Three presentations were provided, by each of the three t-RFMO FAD Working Group Chairs. Each of the 
presentations provided an updated summary of technical findings and management and conservation 
measures adopted by each Commission. These are attached as documents j-FAD-36, j-FAD-29 and j-FAD-
40. The following additional paper was also addressed: j-FAD-32. 
 
Following the presentations, it was noted that a common observation between the three t-RFMOs, was the 
low level of participation at FAD related meetings by Contracting Parties. ICCAT clarified that although this 
was noted, the majority of the major FAD fishing nations did in fact participate, however, participation by 
other nations that have a stake in tropical tuna fisheries (which do not fish on FADs) was low. In IATTC it 
was noted that although participation in the physical FAD meeting was low, significant work had been 
carried out prior to those meetings, electronically. It was also stated, however, that electronic meetings are 
useful for facilitating and continuing the work of FAD working groups, but firm commitment to advance 
work inter-sessionally is required in order make this platform effective. The challenge of providing 
simultaneous translation in all official languages using an electronic platform was also highlighted and it 
was agreed that translation should occur, even though it may increase the costs of this platform. 
  
The t-RFMOs clarified that they do have several management and conservation measures in place regarding 
FADs that complement each other, although only a few were discussed during their presentations. It was 
commented that it may be beneficial to standardise and harmonise FAD data collection and monitoring in 
order to improve management across the tropical oceans. It was suggested that with time, participation in 
FAD working groups and in discussions on FAD issues, will likely increase as momentum regarding these 
important issues is gained.  
 
 
4 Assessment of the use of FADs in tuna fisheries in all three t-RFMO Convention areas and 

impact of FAD fishing on the tropical tuna stocks 
 
Dr Josu Santiago, Chair of the session, introduced the theme, the three keynote speakers (j-FAD-28, j-FAD-
05 and j-FAD-04) and the three additional presentations (regarding documents j-FAD-17, j-FAD-22 and j-
FAD-25) that were provided.  
 
The Group noted that the use of FADs has been steadily increasing since 1990 and that today around 50% 
of the global purse seine tropical tuna catches are made on FADs, half of these catches coming from the 
Western Pacific Ocean. In particular for skipjack and bigeye, FAD catches are always higher than free school 
catches. It was also noted the developments in FAD technology including FAD design, but also the increasing 
use of satellite tracking buoys equipped with echosounder.  
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The Group acknowledged that the main issues related to FAD fishing include: the high catches of juveniles 
yellowfin and bigeye tuna; bycatch of protected, endangered and threatened species, e.g. turtles, sharks, 
etc.; potential changes in the ecosystems, marine pollution; as well as environmental damage. 
 
The Group noted that the absence of data should not be an impediment for t-RFMOs to take decisions 
regarding FAD management and recognized that FAD related data needed to be made accessible to Scientific 
Committees of the t-RFMOs under certain confidentiality rules. It also acknowledged that knowing the total 
number of FADs used and the total number of active FADs would be a starting point, and that FAD data 
might not be needed in real time, and could be provided with a delay, which could already solve some of the 
confidentiality issues. 
 
 
5 Review and assessment of developments in FAD related technology and in the mitigation of 

its impact 
 
Ms. Amanda Nickson, the session Chair, acknowledged that there was some overlap between this session 
and session 4, which treated many similar issues but related to target species, and session 8 on FAD 
management. A keynote (based on documents j-FAD-28, j-FAD-05 and j-FAD-04) and four additional 
presentations (regarding documents j-FAD-09, j-FAD-30, j-FAD-37 and j-FAD-38) were provided. The 
following additional papers were also addressed: j-FAD-06, j-FAD-07, j-FAD-08, j-FAD-12, j-FAD-23 and 
j-FAD-34. 
 
During the presentations, the following key points were raised by speakers and fruitful discussions took 
place: 
 
General observations relevant to most mitigation measures 
 

- When properly designed and implemented, “Best Practices” on safe release of vulnerable species 
and the adoption of non-entangling FADs can be followed by a majority of the fleet and be effective 
in mitigating negative effects of FADs (e.g. EU Spanish and French fleets).  

 
- Periodic review of the implementation of “Best Practices” can lead to an increase in the proportion 

of the fleet that adopts and uses these practices. 
 
Target tunas 
 

- The vertical separation of skipjack and bigeye/yellowfin tuna around the FAD is not conducive to 
such fish being separated through manipulation of net depth. 

 
- Acoustic discrimination of fish close to FADs may help fishermen, in the future, to avoid schools 

with a high proportion of small bigeye and yellowfin individuals. For this technology to be taken up 
by industry it may be necessary to use regulatory measures or market incentives. 

 
- Data from buoys are a rich and unparalleled source for estimates of biomass (currently for all 

species combined) at ocean scale. For this to happen scientists need access to information on 
acoustic biomass estimates by the buoys, respecting appropriate confidentiality requirements. 

 
Sharks 
 

- Should ideally be released prior to being taken out of the water in order to maximize survival. 
 

- Use of non-entangling FADs will reduce incidental catches of sharks. 
 

- Guidelines for the safe handling and release of sharks are useful, but they must consider crew 
safety. 

 
Sea turtles 
 

- Non-entangling FADs reduce the bycatch of sea turtles. 
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- Current guidelines for safe handling of sea turtles are effective instruments to obtain high levels of 
survival for animals that interact with FADs and purse seine. 

 
Fish bycatch 
 

- Many teleost species that are not tunas are caught by purse seines fishing around FADs. It is 
recommended to encourage the elimination of discards of these species and their landing and use. 
This has to be promoted in a way that does not encourage fishers to focus on fishing such resources. 

 
- There is evidence that the amount of fish biomass (non tuna) around a FAD is relatively constant, 

unlike the catch of tropical tunas which is highly variable. Therefore a reduction of the proportion 
of sets on FADs which are associated with low tuna biomass will reduce the discard of other teleost 
fishes. 

 
Habitat  
 

- Research on FADs built with biodegradable materials has been done in controlled environments. 
Final conclusions on the effectiveness of such designs should be confirmed across t-RFMOs through 
large-scale field tests.  
 

- There is technology under development that will allow for FADs to be equipped with independent 
navigation capabilities to reduce their movement away from the prime fishing areas and their 
beaching in sensitive areas. 

 
Fleet behavior 
 

- Some actions are more costly than others. Mitigation measures will not address all issues related 
to FADs and they have to be considered in the light of other conservation measures. 

 
During the discussion following the presentations, it was noted that: 
 

- As long as the effort on FADs increases the gains obtained from mitigation efforts will be less 
impactful.  

 
- That there are areas of the ocean which constitute hotspots for interactions with vulnerable species 

and this warrants further investigation as even safe release practices do not lead to 100% survival. 
The need for real-time data to help avoid conflict between FADs and other ocean use activities (e.g. 
Oil exploration) was raised.  

 
- There is currently no scientific determination on the maximum number of FADs that should be 

allowed to be deployed. Although in principle reducing the number of FADs used should reduce 
some of its negative impacts there are other factors that may determine the relative benefit of a 
limitation based on only the numbers of deployed FADs. 

 
 
6 Review of data requirements needs and data collection systems of relevant information on 

tuna FAD fishing 
 
Mr. Ahmed Al Mazroui (IOTC Chair), the session Chair, welcomed the participants and presented the 
keynote speaker (Mr. Miguel Herrera, document j-FAD-41) and the following six additional presentations 
(regarding documents j-FAD-10, j-FAD-11, j-FAD-13, j-FAD-14, j-FAD-26 and j-FAD-31) that were 
provided. The following additional paper was also addressed: j-FAD-27. 
 
Three key questions related to FAD data collection requirements were identified as being common to all t-
RFMOs, namely: 
 

- Which data can be collected? 
- Where do t-RFMOs stand with respect to data collection requirements? 
- Are currently collected FAD data adequate enough for management purposes? 
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All identified information requirements should apply to both anchored and drifting FADs, and shall include 
FAD design data – as the design has a direct impact on the aggregation capacity of FADs themselves – as 
well as details about tracking devices and equipment. FAD GPS positions and the presence of echo-sounders 
providing biomass estimations were also highlighted as key information, together with the availability of 
buoy unique identifiers that are expected by the majority of the t-RFMOs, although at different level of 
details. 
 
The second core component of the expected information related to FAD activity data, should include all 
available information about: FAD deployment time and locations, clear records of any FAD encounter, and 
eventually the set results in terms of catch and bycatch – should the encounter be followed by a positive set. 
An important question that emerged is related to the property of a FAD, which is strictly linked to the 
attempts of explaining what happens to a FAD during its lifecycle (ownership can change very frequently 
and, unless proper identification is available, it is very difficult for data owners to keep track of all occurring 
changes). Some recently developed FAD logbook formats, are tackling the latter issue by formalizing the 
report of ownership changes in a structured way. 
 
FAD data based on the identified information sets above could lead to the production of fishery independent 
indicators such as the position of FADs over time and – for those FADs equipped with echo-sounders – the 
readings and consequent estimation of biomass. For this last information to be of practical use, though, it 
would be necessary to also record the type of device (including its model and specifications) as different 
types of device might have different attracting effect on the shoals. 
 
The Table below summarizes the current status of FAD data collection for four t-RFMOs (IATTC, ICCAT, 
IOTC and WCPFC), analysing the details about data collection requirements, original data providers and 
data repositories as they currently stand for the considered t-RFMOs. 
 

 
 
Data Req. - The RFMO has adopted specific data collection and reporting requirements, which may include reporting of data to the 
RFMO in raw or aggregated form. 
FSt - The raw data are kept by the administration of the flag State; the RFMO Secretariat may receive data in aggregated form. 
Manag. Meas. - Data have to be collected by the flag State to validate compliance with management measures adopted by the RFMO. 
Sec - The RFMO Secretariat keeps the data in raw form (as collected). 
Ind. - Data are collected by the fishing industry. 
Obs. - Data are collected by scientific observers (regional programme). 
Prov. - Data are collected / kept by the service provider. 
 
When evaluating whether current FAD data collection requirements are adequate for management 
purposes, it was suggested to consider across all t-RFMOs, the following six different key areas: 
 

- FAD management plans (requested at flag-State level); 
- Marking and identification of FADs; 
- FAD logbooks (including detailed FAD activities); 
- FAD density / capacity (complemented by echo-sounder data); 
- Bycatch mitigation measures; 
- Environmental impacts of FADs (loss and beaching events - that for the time being are a topic 

explicitly addressed by IOTC and ICCAT only). 
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To ensure that all information collected and managed for these six areas is adequate for management 
purposes, a common agreement about terminology and modelling of FAD-related concepts should be found 
across all stakeholders. It was noted that only the WCPFC has formally defined the concept of what a FAD 
set is. Scientists have proposed a different definition, though, and reconstructing and identifying catches 
made on FAD sets is apparently not always possible when considering the nature of collected FAD data as 
currently available for each t-RFMO. As of today, only the IOTC and ICCAT have been splitting catches in 
their associated/un-associated components and, overall, very few anchored-FAD catches are reported. 
 
Data collection is in most cases a task performed by the industry or by observers on board. However, no 
shared validation system is currently in place, although electronic observer systems have proven to be a 
reliable and effective solution to different validation and verification needs. Nevertheless, a more formal 
analysis and further considerations have to be made to clearly define the extent and goals of all data 
collection and validation systems. Once detailed logbook and observer-sourced information become 
available, it will be possible to provide estimates on retained bycatch and discards - today, this information 
while actively collected, is not yet ready to provide reasonable and accurate estimates.  
 
The Group noted the concern raised as regards to the following question: Are flag States and t-RFMO 
Secretariats in a position to manage all the information ideally to be collected and gathered? Although no 
clear answer could be provided at this stage, it became clear that further work needs to be done, and that 
all these aspects should be further discussed at future Group meetings. 
 
 
7 Review of current research plans on tuna FAD fisheries related issues 
 
This session, chaired by Dr David Die (Chair of the ICCAT SCRS), focused on the plans each t-RFMO has for 
future research. The session follows presentations and discussions from previous sessions regarding past 
and ongoing research activities conducted in relation to FADs and how these have impacted our 
understanding of FAD management. The session aimed to discuss the benefits that might be gained from 
coordinating research activities related to FADs across the t-RFMOs and to further improve the advice that 
scientists are able to provide Commissioners with. Accordingly, three presentations were provided as 
regards each t-RFMO by each of the Scientific Committees’ Chairs (see j-FAD-42, j-FAD-43 and j-FAD-44). 
 
Representatives of ICCAT, the IOTC and the IATTC summarized on-going research and science plans related 
to FADs. Only ICCAT has a strategic science plan, while IOTC is in the process of preparing one. None of the 
t-RFMOs have specific research plans for FADs but all recognized the fact that such research is connected to 
core aspects of their research on data, tropical tuna stocks as well as bycatch and ecosystem aspects. 
Whereas in ICCAT and the IOTC much of this research is conducted by national scientists supported by their 
respective Secretariats, namely within various scientific working groups (e.g. focusing on tropical tunas, 
ecosystems and bycatch). Whereas in the IATTC it is the scientific staff of the Secretariat that conducts much 
of it, with the support of national scientists.  
 
Presenters acknowledged the existence of research collaborations which cover more than one of the t-
RFMO areas, and the fact that many research projects related to FADs are funded through similar funding 
sources. The skippers’ workshops organized each year in the different regions have allowed a fluid 
communication of problems and solutions, for the different aspects of the FAD fisheries among the regions, 
bringing up to date the fishers and listening to their suggestions and initiatives. 
 
The three t-RFMOs are conducting research related to FADs on a range of topics including some common 
research priorities and other that may vary by region in view of the differences in some status of stocks or 
of bycatch populations. Among those, the following were highlighted: 
 

- Standardization and harmonization of the FAD terminology and definitions as well as data 
collection requirements. 

 
- Understanding the impacts of FAD fishing in the different regions (within each RFMO Convention 

area) and time periods, and building that regional knowledge into the management decision-
making. 

 
- Development of independent indices of abundance for tropical tunas using acoustic signals from 

buoys. 
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- Standardization of CPUE from purse seine fleets including FAD fishery characteristics information 
(support vessel, FAD density, etc.), when available. 

 
- Testing biodegradable materials and improving FAD design to reduce the entanglement of marine 

turtles and sharks and to minimize the impact on ecosystems. 
 

- Incorporate the FAD trajectories and catch history as a major tool to understand and manage the 
fisheries. 
 

- Large scale tagging programs for the purposes of estimation of population parameters (e.g. Atlantic 
Ocean Tropical Tuna Tagging Programme), migrations and movements of target and non-target 
species that may be affected by FAD drift.  

 
A number of scientific organizations, in collaboration with NGOs and the fishing industry, are currently 
conducting global research on FADs across more than one ocean. The ABNJ Common Oceans Tuna Project 
has provided some support for technical activities related to this research. 
 
 
8 Consideration of possible common (and/or additional) actions related to FAD management 

and recovery 
 
The session was chaired by the meeting Chair (Mr. Stefaan Depypere) and focused on possible common 
(and/or additional) actions related to FAD management and recovery. Seven presentations were provided 
(regarding documents j-FAD-15, j-FAD-16, j-FAD-18, j-FAD-19, j-FAD-20, j-FAD-24 and j-FAD-35). 
 
The presentations covered a wide range of issues related to FAD fisheries management and recovery issues, 
including examples of volunteer implemented measures, such as the: 
 

- Need for clear definitions (e.g. FAD, FAD set and FAD type); 
- Need for clear management objectives (define stock target levels) and management options within 

a more comprehensive framework related to the general management of tropical tunas (i.e. catch 
limits, juveniles and adults; number of FADs by boat, area and/or at the ocean level; etc.); 

- Enhancement of the use of biodegradable FADs, include the recovery of FADs in FAD management 
plans (e.g. through “FAD Watch” programs or by using support vessels to recover FADs before they 
are lost) or using self-propelled FADs; 

- Implementation of best handling practices based on training; 
- Provision and collection of data (e.g. echosounder buoy data; implementation of Electronic 

Monitoring Systems and onboard Observer program); 
- Recovery schemes for lost FADs and FAD beaching (including the need for a clear definition to 

distinguish pollution from destruction of habitat due to FAD loss).  
 
 
9 Sessions Chairs and t-RFMOs FAD WG Chairs meeting 
 
The sessions Chairs and t-RFMOs FAD WG Chairs met to review the major aspects discussed during the 
different sessions. Based on those, a list of key areas for future action for the joint t-RFMO FAD WG was 
drafted for consideration under agenda item 10.  
 
 
10 Key areas for future action for the joint t-RFMO FAD WG 
 
The Chair presented a list of key areas for future action for the joint t-RFMO FAD WG, which were discussed 
by the Group and are presented below.  
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List of key areas for future action for the joint t-RFMO FAD WG 
 

KEY AREAS SPECIFIC ACTIONS KOBE RFMO CPC 
GE

N
ER

AL
 IS

SU
ES

 
Legal aspects:        

− Definition of a FAD X X   
− Definition of ownership and 

responsibilities X X   

Definitions and common indicators:       
− Identify available sources for common 

definitions  X     

− Harmonize definitions related to 
science and management of FADs:  FAD 
set (associated vs non- associated), 
non-entangling, biodegradable, active 
buoy, type of operation at FADs etc. 
Prioritization should be given to those 
definitions with direct management 
implications and the science needed to 
guide that management 

X X   

− Need to develop harmonized FAD 
fishery indicators (e.g. number of FADs, 
FAD sets, ratio of FAD-associated sets 
to unassociated sets, numbers of 
vessels deploying FADs and supply 
vessels etc.) to estimate the 
contribution of FADs to the overall 
effective fishing effort and capacity in 
tropical tuna fisheries across ocean 
regions 

X X   

Enhanced cooperation:        
− Collaboration between industry and 

scientists for the improvement of the 
collection of data, scientific research 
and to develop effective mitigation 
techniques 

    X 

− Coordination and collaboration on 
research plans on FADs across t-RFMOs X X   

− Creation of a small technical working 
group of experts under the KOBE 
umbrella, with a focus on research and 
other technical aspects  

X X 

  

Elaboration and implementation of appropriate 
management frameworks:       

− Define clear management objectives X X   
− Review existing FADs management 

plans and explore potential for 
harmonization across t-RFMOs 

X X   

− Assess the effectiveness of various 
management options for FADs within 
the framework of general tropical tuna 
fisheries management (e.g. overall 
fishing capacity) 

  X   

− Address monitoring (e.g. 100% 
observer and VMS coverage) and 
compliance issues 

  
X X 
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− Consider adaptive, precautionary, 
management with respect to emerging 
issues with FADs, taking into account 
the best available science 

  
X X 

D
AT

A 
GA

PS
 A

N
D

 N
EE

D
S 

 
Data:       

− Identify data gaps and needs   X   
− Optimize and harmonize the collection 

of data and develop common minimum 
standards and formats 

X X X 

− Improve data collection in FAD 
fisheries in general  X X 

− Establish comprehensive systems to 
accurately quantify numbers of FADs 
and active buoys 

X X   

− Need for development of robust FAD 
marking and tracking systems X X   

− Establish wide-scale collection of 
individual FAD deployment, tracking, 
and set-history data 

  X X 

− Collect new types of data on the 
operational and technical fleets´ 
characteristics, including on supply 
vessels 

  X X 

− Facilitate access by scientists to 
acoustic records of the echo-sounder 
buoys as a potential source of fishery 
independent indices 

  X X 

− Develop appropriate framework of 
confidentiality X X X 

− Ensure/facilitate access to data for 
scientists and managers 

 X X 

M
IT

IG
AT

IO
N

  

− Mitigate the impact of FADs, consider 
establishing limits on the number of 
FADs deployed, and consider feasibility 
and cost-effectiveness of FAD recovery 
practices 

X X X 

− Evaluate economic incentives and 
disincentives in all FAD management 
measures. 

X X X 

Target species:       
− Identification of hotspots for juvenile 

BET and YFT   X   

− Evaluate benefits of gear modifications: 
net changes, FADs designs, etc. X X X 

− Encourage further research on pre-set 
echo-sounder discrimination of 
species, and size, at a FAD 

X X X 

− Consider the regional effectiveness of 
time-area closures, including adaptive 
closures, and catch and/or FADs sets 
limits and allow this to inform future 
management 

  

X 

  

Non-target species:       
− Improve information on the impacts of 

FAD fisheries on vulnerable 
elasmobranch and turtle species 

X X   
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− Identification of hot spots for 
vulnerable species 

  X   

− Implement best practices for handling 
and safe release of by-catch species as 
appropriate 

  
  X 

− Introduction of non-entangling FADs 
designs 

    X 

− Outreach and training of operators   X X 
− Promote full utilization of low value 

bony fish by-catch, as appropriate, and 
reduction of discards 

    
X 

Habitat: 

  

    
− Mapping and recognition of sensitive 

areas using available information and 
identification of post-beaching impacts 
to inform mitigation initiatives 

X   

− Tracking positions and trajectories of 
FADs  X X 

− Develop innovative FAD designs to 
mitigate the habitat impact of FAD 
fisheries such as prevention of FADs 
sinking and beaching, recovery at sea, 
“smart FADs”, biodegradable designs… 

X X 

− Assess the effect of establishing limits 
on numbers of FADs deployed as well as 
on areas or periods of deployment 

X X 

− Promote involvement of coastal 
communities in implementing actions 
or management measures 

X X 

− Consider anchored and drifting FADs in 
the overall analysis of impacts X X 

 
It was the general opinion that the process conducted during the current meeting was extremely productive 
and it was recommended that a technical working group on FADs should be created under the KOBE process 
to continue the work initiated during the 1st joint t-RFMO FAD meeting. 
 
 
11 Adoption of the report and closure 
 
The Chair informed the participants that he would prepare a report of the meet – the Meeting Chair’s report, 
which would be posted on the meeting ownCloud documents folder and on the tuna.org webpage, sent to 
all t-RFMOs and to the Kobe Steering Committee. 
 
The Chair thanked the ICCAT Secretariat for organizing the meeting, and the European Union Commission 
and the Common Oceans ABNJ Tuna Project for funding the meeting and providing financial assistance to 
participants from developing countries attending the meeting, respectively. He also thanked the 
participants, particularly those providing documents and presentations, as well as the session Chairs and 
the interpreters, which deeply contributed to the success of the meeting. 
 
The ICCAT Executive Secretary also highlighted the high level of participation in the meeting and the spirit 
of cooperation of all participants. He also thanked the funders, the staff of the three Secretariats and the 
interpreters, for their hard work which deeply contributed for a successful meeting. 
 
The meeting was adjourned. 
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Appendix 2 
 

1st Joint t-RFMO FAD Working Group Meeting 
 
Meeting Goal 
 
To promote discussions on tropical tuna FAD fishing and management relevant issues on an Ocean-wide 
perspective. 
 
Framework and objectives 
 
FAD management is an issue of common interest to tuna fisheries and is becoming increasingly important 
for the tropical tuna fisheries in general. As a response, some tuna RFMOs have created specific FAD 
Working Groups, which are promoting to address issues related to tuna FAD fishing. During the last meeting 
of the Kobe process Steering Committee, it was also noted that the European Union offered to finance a joint 
tuna-RFMO meeting and that some additional funding could be obtained from the FAO ABNJ Tuna Project. 
Accordingly, during 2016 the tuna-RFMO Secretariats held discussions regarding the possibility of holding 
a joint tuna RFMO meeting on FAD fishing issues, sometime in 2017. An agreement was achieved between 
ICCAT, IOTC and IATTC, to hold the First Joint Tuna-RFMO FAD Working Group meeting in Madrid, 19-21 
April 2017. It should be noted that WPCFC has decided not to participate in this meeting.  
 
With the aim of making the meeting appealing and efficient as regards the outputs, the three above 
mentioned tuna-RFMOs are committed to conduct a cross-cutting exercise between all stakeholders by 
covering a wide range of topics related to tuna FAD fisheries and promoting discussions regarding tuna FAD 
fisheries management among the three t-RFMOs. 
 
The Working Group meeting will be Chaired by Mr. Stefaan Depypere, Chair of the Kobe Steering Committee. 
 
 

Agenda 

1. Opening and meeting arrangements  

2.  Adoption of Agenda and assignment of rapporteurs 

3.  Review of the state and available information on tuna (anchored and drifting) FAD fisheries at t-RFMOs 

4.  Assessment of the use of FADs in tuna fisheries in all three t-RFMOs Convention areas and relative 
contribution of FADs to overall fishing mortality in tropical tuna fisheries  

5.  Review and assessment of developments in FAD related technology and in the mitigation of its impact 

6.  Review of data requirements needs and data collection systems of relevant information on tuna FAD 
fishing 

7.  Review of current research plans on tuna FAD fisheries related issues  

8. Consideration of possible common (and/or additional) actions related to FAD management and 
recovery 

9.  Recommendations  

10. Other matters  

11. Adoption of the report and closure 
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1st Joint t-RFMO FAD Working Group Meeting Annotated Agenda 
 

Session (time) Theme Titles for presentations received or themes for discussion 

Wednesday, 
19/04/2017 

 

9:00-9:30 

1. Opening and meeting arrangements 

2. Adoption of Agenda and assignment 
of rapporteurs 

Session Chair: Meeting Chair (Stefaan 
Depypere)  

Welcome, meeting objectives and arrangements 

Adoption of the Agenda 

Assignment of rapporteurs 

Wednesday, 
19/04/2017 

 
9:30-11:00 

3. Review of the state of play and 
progress on tuna (anchored and 
drifting) FAD fisheries in all three t-
RFMOs 

 

Session Chair: Guillermo Moran (IATTC 
Chair) 

Keynotes:  
i. D. Die (ICCAT) (j-FAD-36): “Activities of the ICCAT ad-hoc Working Group 

on FADs during 2015-2016” 
ii. H. Murua (IOTC) (j-FAD-29): “Review of the state and available 

information on tuna (anchored and drifting) FAD fisheries at IOTC” 
iii. J. Santiago (IATTC) (j-FAD-40): “IATTC Ad hoc Working Group on FADs: 

summary of 1st year of activities and Work Plan for 2017” 
 
Discussion 
Document: j-FAD-32 

Wednesday, 
19/04/2017 

 
11:30-13:00 
14:30-15:30 

4. Assessment of the use of FADs in tuna 
fisheries in all three t-RFMO 
Convention areas and impact of FAD 
fishing on the tropical tuna stocks  

 

 

Session Chair: Josu Santiago  

Keynotes by:  
M. Hall (j-FAD-05): “The FAD fishery in the eastern Pacific” 
S. Adam (j-FAD-28): “Assessment of use of FADs in tuna fisheries of IOTC 

Convention area” 
D. Gaertner: “Assessment of the use of FADs in tuna fisheries in the ICCAT area 

and relative contribution of FADs to overall fishing mortality in tropical tuna 
stocks” 

Presentations: 
Fonteneau (j-FAD-25): “An overview of worldwide FAD fisheries and of their 

potential effects on tuna stocks” 
Maufroy et al. (j-FAD-17): “dFADs used by EU tropical tuna purse seiners in the 

Atlantic and Indian Oceans: increasing use, contribution to fishing 
efficiency and potential management” 

Group of experts (j-FAD-22): “FAD use and fishing mortality in tropical tuna 
fisheries”  

Discussion 
Documents: j-FAD-04 and j-FAD-21 
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Wednesday, 
19/04/2017 

 
15:30-16:30 
17:00-18:30 

 

5. Review and assessment of impacts on 
non-target species and mitigation of 
undesirable impacts on target and 
non-target species (developments in 
FAD related technology)  

 

 

Session Chair: Amanda Nickson (PEW)  

 

Keynote by:  
Victor Restrepo et al.: “Impacts on non-target species and promising uses of 

technology to mitigate FAD impacts” 
 
Presentations:  

Oshima et al. (j-FAD-37): “New method that combines dead reckoning and 
acoustic telemetry to measure fine scale of tuna associated with FADs” 

Oshima et al. (j-FAD-38): “Size selectivity of tuna purse seine nets estimated 
from FAD sets data” 

Lopez et al. (j-FAD-30): “Main results of the Spanish Best Practices program: 
evolution of the use of non-entangling FADs, interaction with entangled 
animals, and fauna release operations” 

Murua et al. (j-FAD-09): “Adoption levels of entanglement-reducing FAD 
designs by tuna purse seine fleets in different Oceans” 

 
Discussion 
 
Documents: j-FAD-06, j-FAD-07, j-FAD-08, j-FAD-12, j-FAD-21, j-FAD-23 and j-
FAD-34 

Thursday, 
20/04/2017 

 
9:00-11:00 

6. Review of data requirements needs 
and data collection systems of 
relevant information on tuna FAD 
fishing 

 

Session Chair: Ahmed Al Mazroui (IOTC 
Chair) 

Keynote by: 
Miguel Herrera (j-FAD-41): “Review of data requirements needs and data 

collection systems of relevant information on tuna FAD fishing” 
 
Presentations:  

Ramos et al. (j-FAD-11): “Spanish FAD logbook: solving past issues, responding 
to new global requirements” 

Legorburu et al. (j-FAD-10): “Deployment of non-entangling FADs and related 
activities monitored by electronic monitoring system in the Indian 
Ocean” 

Santiago et al. (j-FAD-13): “Monitoring the number of active FADs used by the 
Spanish and associated purse seine fleet in the IOTC and ICCAT 
Convention areas” 

Lopez et al. (j-FAD-31): “Taking another step forward: system of verification of 
the code of good practices in the Spanish tropical tuna purse seiner fleet 
operating in the Atlantic, Indian and Pacific Oceans” 

Capello et al. (j-FAD-26): “Managing the number of FADs using fisheries-
independent data: Principles and theories” 
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Santiago et al. (j-FAD-14): “Buoy derived abundance indices of tropical tunas 
in the Indian Ocean” 

 
Discussion 
 
Documents: j-FAD-27 and j-FAD-31 

Thursday, 
20/04/2017 

 
11:30-13:00 

7. Review of current research plans on 
tuna FAD fisheries related issues 

 

Session Chair: David Die 

Keynotes by: 
i. D. Die (ICCAT) (j-FAD-42): ICCAT Research Plans related to FADs 

ii. H. Murua (IOTC) (j-FAD-43): IOTC Research Plans related to FADs 
iii. M. Hall (IATTC) (j-FAD-44): IATTC Research Plans related to FADs 

Discussion 
 

Thursday, 
20/04/2017 

 
14:30-16:30 
17:00-18:30 

8. Consideration of possible common 
(and/or additional) actions related to 
FAD management and recovery 

 

 

Session Chair: Meeting Chair (Stefaan 
Depypere) 

Presentations:  
Group of experts (j-FAD-20): “Managing FAD capacity and impacts on marine 

ecosystems” 
Davies (j-FAD-19): “Potential environmental impacts caused by beaching of 

drifting fish aggregating devices and identification of management 
uncertainties and data needs” 

Galland (j-FAD-24): “Mitigating the impacts of FAD use on tropical tuna stocks” 
Purves (j-FAD-18): “The lack of a scientifically based definition of FAD Set” 
 
Morón (j-FAD-15): “Implementing Management Plans and Voluntary 

Initiatives regarding FADs: The OPAGAC experience” 
 
Goujon (j-FAD-16): “Evolution of the perception of the FAD issue by the French 

purse seine fleet since 2010 and perspectives for future management” 
Group of experts (j-FAD-35): “What does well-managed FAD use look like 

within a tropical purse seine fishery?” 
 
Discussion 
 
Documents:  

Thursday, 
20/04/2017 

 
18:30-19:30 

9. Sessions Chairs and t-RFMOs FAD WG 
Chairs meeting 

Session Chair: Meeting Chair (Stefaan 
Depypere) 

Draft recommendations 
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Friday, 
21/04/2017 

 
9:00-11:30 

12:00-14:30 

10. Recommendations 
11. Other matters 
12. Adoption of the report and closure 
 

Session Chair: Meeting Chair (Stefaan 
Depypere) 

Presentation by the Chair:  
i. Wrap up of major discussions and presentation of recommendations 

ii. Priorities and next steps 
iii. 2nd Joint T-RFMO FAD Working Group Meeting 

 
Discussion 
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Appendix 3 
LIST OF DOCUMENTS  /  LISTE DE DOCUMENTS /   LISTADO DE DOCUMENTOS 

 
Doc. Ref. Title (ENG) Titre (FRA) Titulo (SPA) 

j-FAD_01 Agenda Ordre du jour Orden del día 
j-FAD_02 Annotated agenda Ordre du jour annoté Orden del día comentado 
j-FAD_03 Internet Connection and Access to ownCloud Connexion internet et accès au site ownCloud Conexión a internet y acceso a ownCloud 

j-FAD_04 

Managing FAD capacity and impact: Review of 
the impacts of FAD use on fishing capacity in the 
Atlantic and Indian Oceans 

Gestion de la capacité et de l'impact des DCP : 
examen des impacts de l'utilisation des DCP sur 
la capacité de pêche dans les océans Atlantique 
et Indien 

Ordenación de la capacidad y del impacto de los 
DCP: Examen del impacto del uso de los DCP en 
la capacidad de pesca en los océanos Atlántico 
e Índico 

j-FAD_05 The FAD fishery in the eastern Pacific La pêcherie de DCP dans le Pacifique oriental La pesquería con DCP en el Pacífico oriental 

j-FAD_06 Promising uses of technology to mitigate FAD 
impacts 

Utilisations prometteuses de la technologie 
pour atténuer les impacts des DCP 

Usos prometedores de la tecnología para 
mitigar los impactos de los DCP 

j-FAD_07 How far are we from discriminating tuna 
species at FADs? 

La différenciation des espèces de thonidés 
présentes autour des DCP a-t-elle évolué ? 

¿Cuán lejos estamos de diferenciar las especies 
de túnidos en los DCP? 

j-FAD_08 FAD structure evolution: from biodegradable 
FADs to biodegradable FADs 

Évolution de la structure des DCP : des DCP 
biodégradables aux DCP biodégradables 

Evolución de la estructura de los DPC: de DCP 
biodegradables a DCP biodegradables 

j-FAD_09 

Adoption levels of entanglement-reducing FAD 
designs by tuna purse seine fleets in different 
Oceans 

Niveaux d’adoption de modèles de DCP 
réduisant l’emmêlement de la part des flottilles 
de senneurs ciblant les thonidés dans les 
différents océans 

Niveles de adopción por parte de las flotas de 
cerco de túnidos en los diferentes océanos de 
diseños de DCP que reducen el enmallamiento 

j-FAD_10 
Deployment of non-entangling FADs and 
related activities monitored by electronic 
monitoring system in the Indian Ocean 

Déploiement de DCP non-emmêlants et 
activités connexes contrôlées par un système 
de suivi électronique dans l'océan Indien 

Plantado de DCP no enmallantes y actividades 
relacionadas controladas a través de un sistema 
de seguimiento electrónico en el océano Índico 

j-FAD_11 
Spanish FADs logbook: solving past issues, 
responding to new global requirements 

Carnets de pêche de DCP espagnols : résolution 
des problèmes passés, réponse aux nouvelles 
exigences mondiales 

Cuadernos de pesca de DCP españoles: 
resolución de problemas pasados, respuesta a 
los nuevos requisitos globales 

j-FAD_12 

Drifting FADs contribution to marine litter and 
ghost fishing: a perspective from the Maldives 

Contribution des DCP dérivants à la pollution 
marine et à la pêche fantôme : perspective 
depuis les Maldives 
 

Contribución de los DCP a la deriva a los 
deshechos marinos y a la pesca fantasma: una 
perspectiva desde las Maldivas 

j-FAD_13 

Monitoring the number of active FADs used by 
the Spanish and associated purse seine fleet in 
the IOTC and ICCAT Convention areas 

Suivi du nombre de DCP actifs utilisés par la 
flottille espagnole de senneurs et la flottille 
associée dans la zone de la Convention de la 
CTOI et de l’ICCAT 

Seguimiento del número de DCP activos 
utilizados por las flotas de cerco española y 
asociada en las zonas del Convenio de la IOTC e 
ICCAT 
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j-FAD_14 
Buoy derived abundance indices of tropical 
tunas in the Indian Ocean 

Indices d’abondance des thonidés tropicaux 
obtenus par le biais des bouées dans l’Océan 
Indien 

Índices de abundancia de túnidos tropicales 
obtenidos mediante boyas en el océano Índico 

j-FAD_15 
Implementing management plans and 
voluntary initiatives regarding FADs: the 
OPAGAC experience 

Mise en œuvre de programmes de gestion et 
d’initiatives à titre volontaire en ce qui 
concerne les DCP: l’expérience d’OPAGAC 

Implementación de planes de ordenación y de 
iniciativas voluntarias relacionados con los 
DCP: la experiencia de OPAGAC 

j-FAD_16 

Evolution of the perception of the FAD issue by 
the French and Italian purse seine fleet since 
2010 and perspectives for future management 

Évolution de la perception de la question des 
DCP de la part de la flottille française et 
italienne de senneurs depuis 2010 et 
perspectives pour la gestion future 

Evolución de la percepción de la cuestión de los 
DCP por parte de la flota de cerco francesa e 
italiana desde 2010 y perspectivas de 
ordenación futura 

j-FAD_17 

dFADs used by EU tropical tuna purse seiners in 
the Atlantic and Indian Oceans: increasing use, 
contribution to fishing efficiency and potential 
management 

DCP dérivants utilisés par les senneurs 
européens ciblant les thonidés tropicaux dans 
l’Océan Atlantique et l’Océan Indien : 
augmentation de l’utilisation, contribution à 
l’efficacité de la pêche et gestion potentielle 

DCPd utilizados por los cerqueros de túnidos 
tropicales de la UE en los océanos Atlántico e 
Índico: incremento del uso, contribución a la 
eficacia de la pesca y ordenación potencial. 

j-FAD_18 The lack of a scientifically based definition of 
“FAD set” 

Absence d’une définition basée sur la science du 
terme « opération sous DCP » 

La ausencia de una definición con base 
científica de "lance sobre DPC" 

j-FAD_19 

Potential environmental impacts caused by 
beaching of drifting fish aggregating devices 
and identification of management uncertainties 
and data needs 

Impacts environnementaux potentiels causés 
par l’échouage des dispositifs de concentration 
de poissons dérivants et identification des 
incertitudes dans la gestion et des besoins en 
termes de données 

Posibles impactos medioambientales causados 
por el varamiento de dispositivos de 
concentración de peces a la deriva e 
identificación de incertidumbres en la 
ordenación y necesidades de datos 

j-FAD_20 Managing FAD capacity and impacts on marine 
ecosystems 

Gestion de la capacité et de l’impact des DCP sur 
les écosystèmes marins 

Ordenación de la capacidad y del impacto de los 
DPC en ecosistemas marinos 

j-FAD_21 The impacts of FAD use on non-target species Impact de l’utilisation de DCP sur les espèces 
non-ciblées 

Impacto de la utilización de los DCP en especies 
no objetivo 

j-FAD_22 FAD use and fishing mortality in tropical tuna 
fisheries 

Utilisation de DCP et mortalité par pêche dans 
les pêcheries de thonidés tropicaux 

Utilización de DCP y mortalidad por pesca en 
pesquerías de túnidos tropicales 

j-FAD_23 
Technological approaches to addressing tuna 
mortality associated with FAD fishing 

Approches technologiques pour résoudre la 
question de la mortalité des thonidés associée à 
la pêche sous DCP 

Enfoques técnicos para abordar cuestiones 
relacionadas con la mortalidad de túnidos 
asociada a la pesca con DCP 

j-FAD_24 Mitigating the impacts of FAD use on tropical 
tuna stocks 

Atténuation de l’impact de l’utilisation des DCP 
sur les stocks de thonidés tropicaux 

Mitigación del impacto de la utilización de DCP 
en los stocks de túnidos tropicales 

j-FAD_25 
An overview of worldwide FAD fisheries and of 
their potential effects on tuna stocks 

Vue d’ensemble des pêcheries sous DCP au 
niveau mondial et de leurs effets potentiels sur 
les stocks de thonidés 

Una visión general de las pesquerías con DCP 
mundiales y de sus posibles efectos en los 
stocks de túnidos 
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j-FAD_26 
Managing the number of FADs using fisheries-
independent data: principles and theories 

Gérer le nombre de DCP en utilisant des 
données indépendantes des pêcheries : 
principes et théories 

Ordenación del número de DCP utilizando 
datos independientes de la pesquería: 
principios y teorías 

j-FAD_27 

Managing the number of FADs using fisheries-
independent data: state of the art of data 
collection, analysis and modeling 

Gérer le nombre de DCP en utilisant des 
données indépendantes des pêcheries : collecte 
des données, analyse et modélisation plus 
poussées 

Ordenación del número de DCP utilizando 
datos independientes de la pesquería: 
recopilación de datos, análisis y modelación 
más avanzados 

j-FAD_28 
Assessment of use of FADs in tuna fisheries of 
IOTC convention area 

Evaluation de l’utilisation des DCP dans les 
pêcheries de thonidés de la zone de la 
Convention de la CTOI 

Evaluación de la utilización de DCP en las 
pesquerías de túnidos de la zona del Convenio 
de la IOTC 

j-FAD_29 
Review of the state and available information 
on tuna (anchored and drifting) FAD fisheries at 
IOTC 

Examen de l’état et de l’information disponible 
sur les pêcheries de thonidés sous DCP (ancrés 
et dérivants) à la CTOI 

Examen del estado y de la información 
disponible sobre las pesquerías de túnidos con 
DCP (fondeados y a la deriva) en la IOTC 

j-FAD_30 

Main results of the Spanish Best Practices 
program: evolution of the use of Non-
entangling FADs, interaction with entangled 
animals, and fauna release operations 

Principaux résultats du programme espagnol 
de pratiques exemplaires : évolution de 
l’emploi des DCP non-emmêlants, interaction 
avec les animaux enchevêtrés et opérations de 
libération de la faune 

Principales resultados del programa español de 
mejores prácticas: evolución del uso de DCP no 
enmallantes, interacción con los animales 
enmallados y operaciones de liberación de la 
fauna 

j-FAD_31 

Taking another step forward: system of 
verification of the code of good practices in the 
Spanish tropical tuna purse seiner fleet 
operating in the Atlantic, Indian and Pacific 
Oceans 

Un nouveau pas en avant : système de 
vérification du code de bonnes pratiques dans 
la flottille espagnole de senneurs tropicaux qui 
opère dans les océans Atlantique, Indien et 
Pacifique 

Otro paso adelante: sistema de verificación del 
código de buenas prácticas en la flota española 
de cerqueros tropicales que opera en los 
océanos Atlántico, Índico y Pacífico. 

j-FAD_32 FAD tuna fisheries in Tunisia: the case of 
dolphinfish (DOL) 

La pêche thonière aux DCP en Tunisie : cas de la 
coryphène (DOL) 

Pesca de túnidos con DCP en Túnez: caso del 
dorado (DOL) 

j-FAD_33 Position Statement by the International Pole & 
Line Foundation 

Déclaration de position de International Pole & 
Line Foundation 

Declaración de posición de International Pole & 
Line Foundation 

j-FAD_34 
Mitigation of Silky shark bycatch in Tropical 
Tuna purse seine fisheries 

Atténuation des prises accessoires de requins 
soyeux dans les pêcheries de senneurs ciblant 
les thonidés tropicaux 

Mitigación de la captura fortuita de tiburón 
jaquetón en las pesquerías de cerco de túnidos 
tropicales. 

j-FAD_35 
What does well-managed FAD use look like 
within a tropical purse seine fishery? 

A quoi ressemble une gestion correcte de 
l’utilisation des DCP dans une pêcherie de 
senneurs tropicaux ? 

¿Cómo sería una gestión correcta del uso de 
DCP en la pesquería de cerco tropical? 

j-FAD_36 
Activities of the ICCAT ad-hoc Working Group 
on FADs during 2015-2016 
 

Activités du groupe de travail ad hoc de l'ICCAT 
sur les DCP en 2015-2016 
 

Actividades del Grupo de trabajo ad hoc de 
ICCAT sobre DCP en 2015-2016 
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j-FAD_37 

New method that combines dead reckoning and 
acoustic telemetry to measure fine scale 
movement of tuna associated with FADs 
 

Nouvelle méthode qui combine la navigation à 
l’estime et la télémétrie acoustique afin de 
mesurer les déplacements à petite échelle des 
thonidés associés à des DCP 

Nuevo método que combina la navegación por 
estima y la telemetría acústica para medir los 
movimientos pequeños de los túnidos 
asociados con DCP 

j-FAD_38 
Size selectivity of tuna purse seine nets 
estimated from FAD sets data 
 

Sélectivité de la taille des filets de senne 
thoniers estimée à partir des données des 
opérations sous DCP 

Selectividad de tallas de las redes atuneras de 
cerco estimada a partir de los datos de lances 
en DCP 

j-FAD_39 Key areas for future action for the joint t-RFMO 
FAD WG 

Domaines clefs pour les actions à venir du GT 
conjoint sur les DCP des ORGP thonières 

Áreas clave para las futuras acciones del GT 
conjunto sobre DCP de las OROP de túnidos 

j-FAD_40 
IATTC Ad hoc Working Group on FADs: 
summary of 1st year of activities and Work Plan 
for 2017 

Groupe de travail ad hoc sur les DCP de l’IATTC : 
résumé de la première année d’activités et plan 
de travail pour 2017 

Grupo de trabajo ad hoc sobre DCP de la IATTC: 
resumen del primer año de actividades y plan 
de trabajo para 2017. 

j-FAD_41 
Review of data requirements needs and data 
collection systems of relevant information on 
tuna FAD fishing 

Examen des besoins en matière de données et 
systèmes de collecte des informations relatives 
à la pêche de thonidés sous DCP 

Examen de las necesidades en cuanto a datos y 
sistemas de recopilación de información 
relacionada con la pesca de túnidos sobre DCP  

j-FAD_42 ICCAT Research Plans related to FADs Plans de recherche de l’ICCAT concernant les 
DCP 

Planes de investigación de ICCAT relacionados 
con los DCP 

j-FAD_43 IOTC Research Plans related to FADs Plans de recherche de la CTOI concernant les 
DCP 

Planes de investigación de IOTC relacionados 
con los DCP 

j-FAD_44 IATTC Research Plans related to FADs Plans de recherche de l’IATTC concernant les 
DCP 

Planes de investigación de IATTC relacionados 
con los DCP 
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MANAGING FAD CAPACITY AND IMPACT:  
REVIEW OF THE IMPACTS OF FAD USE ON  

FISHING CAPACITY IN THE ATLANTIC AND INDIAN OCEANS 
 

Daniel Gaertner 1  
 
 
To assess the FAD capacity and impact of the FAD-fishing strategy on the tuna stocks in the Atlantic and 
Indian Oceans the trends of some simple fishery indicators were compared. It is showed that the number of 
dFAD sets by fishing day increased while at the same time the number of free school sets decreased. During 
the EU research project CECOFAD, the total number of dFADs deployed at sea over the last ten years was 
estimated from different methods for the Atlantic and Indian Oceans based on the number of active DFADs 
per vessel provided by the French tuna association and extrapolated to the other fleets. In both Oceans the 
number of active dFADs increased dramatically. From data collected within the frame of the Spanish FAD 
management plan, it was showed that the efficiency of a purse seiner is likely related to the number of 
dFADs seeded but information of relevant explanatory factors, such as type of buoys, level of assistance of 
a supply, shared information between vessels, percentage of buoys stolen, etc., is still lacking to refine this 
relationship. Changes over time in proportion of type of buoys implemented by the French fleet in both 
Oceans and an estimate of the number of support vessels operating in the Indian Ocean were also showed. 
A statistical analysis based on detailed information on which purse seiners are served by each buoy tender 
highlights how the efficiency of a purse seiner in terms of catch rate, frequency of dFAD sets, etc., is 
increasing from no assistance to the exclusive use of a support vessel. One of the major results achieved by 
CECOFAD was the definition of a floating object (FOB) and the homogenisation of the different terms used 
to collect information on FAD-fishing. A floating object was defined as a FAD (Fish Aggregating Device) if it 
is a man-made FOB specifically designed to encourage fish aggregation at the device, while any FOB other 
than a FAD, i.e. a natural (branches, carcasses, etc.) or artificial (wreckage, nets, washing machines, etc.) 
object will be termed a LOG. FADs and LOGs have been then broken down into different categories 
depending on their features. Finally a brief summary of the recommendation measures adopted by the 
ICCAT was presented. The dFAD management plans have been enforced only 20 years after the introduction 
of the dFAD-fishing strategy but recent progress has been demonstrated in recent years. Since 2010, it has 
been recognized that the activities of a support vessel and the use of FADs are an integral part of the fishing 
effort exerted by the purse seine fleet and consequently ICCAT recently adopted recommendations in terms 
of limits in number of active buoys and dFADs, as well as the adoption of the collection of unofficial data 
related to FAD-fishing, including from buoy tender activities. 

 

                                                            
1 IRD-UMR MARBEC, CRH, CS 30171,  Av. Jean Monnet, 34203 Sete Cedex, France 
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THE FAD FISHERY IN THE EASTERN PACIFIC 
 

M. Hall and M. Roman,1  
 
 
The fishery for tunas in the eastern Pacific made a transition from pole and line to purse seines, and 
expanded geographically from the Baja California coast to Central and South America. The purse seiners 
made sets on free swimming tuna schools (school sets), on tuna schools associated with dolphins (dolphin 
sets), and also on tuna schools associated with floating objects. The fishers had discovered the tendency of 
tunas to associate with floating objects and took advantage of that. The fishery on floating objects started 
based on random encounters with objects of different types, but it evolved towards the fishers modifying 
the encountered objects (e.g. tying two together), and adding radio equipment to relocate them. 
 
In the IATTC database, Log sets are sets on “encountered objects”, and FAD sets are sets “on objects 
deployed by the fishers, or found and modified to increase their attraction and to facilitate their relocation”.  
The Log sets include all types of floating objects, including man-made objects. There are also other types of 
sets (e.g. on live whales) that are not discussed because they are very infrequent. For some analyses, a 
category of Floating object sets, that includes Log and FAD sets is used. In recent years, the vast majority 
of the sets on floating objects are made on FADs. 
 
The FAD fishery experienced a sudden increase in the early 1990s, because of a policy adopted by some 
canneries that refused to buy tuna caught in trips where dolphin sets were made. The boats that had been 
delivering tuna to those plants started exploring alternatives, and eventually found an area that was very 
productive for FAD fishing. The objects deployed by the fishers evolved over time, changing some 
characteristics. The areas fished expanded along the equator to the west, and more recently, the fishery in 
the Humboldt Current system is growing in intensity. 
 
The presentation for the Eastern Pacific (IATTC) will describe these changes, and quantify some of the 
operations of the fleet fishing on FADs. Some of the variables included are: Number of sets by type over 
time, Number of FADs deployed by vessel, characteristics of FADs, geographical distribution of effort and 
catches, seasonality of deployments, location of deployments, etc. As the Catch Per Set on FADs has been 
declining in recent years, we will explore some hypotheses that may be causing the changes. 

 

                                                            
1 IATTC Secretariat 
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PROMISING USES OF TECHNOLOGY TO MITIGATE FAD IMPACTS 
 

Victor Restrepo and Gala Moreno1  
 
 

Technology has made purse seine fishing for tropical tunas ever more efficient through time. FAD use, and 
the technology associated with FAD fishing, is a substantial contributor to this. With these increases in 
efficiency, there have also been increases in impacts on target and non-target species, as well as habitats. 
This presentation looks at using technology for a different purpose: To mitigate those impacts. 
 
Impacts on target tunas 
 
Tropical tunas (skipjack, yellowfin and bigeye) are targeted by various fishing gears such as purse seines, 
longlines, pole-and-line, gillnet, and others. Skipjack stocks are generally in good shape globally. However, 
some bigeye and yellowfin stocks are subject to overfishing. Since large quantities of small individuals of 
these species (especially bigeye) are caught in FAD fisheries, it is useful to investigate whether technology 
can provide tools to reduce such impacts. 
 
The primary focus of research on this is improving the information collected by echo-sounders for species 
discrimination. Acoustics are used by fishing masters onboard most industrial purse seine vessels to 
estimate the biomass of tuna schools before setting on them, and for chasing free-swimming schools. 
Echosounders are also used in the GPS buoys (also called "beacons") attached to many FADs (many fleets 
equip all of their FADs with these), to provide an estimate of the tuna biomass under each FAD remotely. 
This information is used by fleet managers and fishing masters to decide what areas and which FADs to 
visit. The research focuses on using multiple frequencies in order to discriminate skipjack (which have no 
swim-bladder) from bigeye and yellowfin (which do). 
 
The promise that this technology holds is that fishers could make informed decisions to, for example, avoid 
areas with a high proportion of bigeye tuna, or with a high proportion of small bigeye and yellowfin 
individuals, based on remote readings from echo-sounder buoys. Similarly, decisions could be made in situ 
before a set using onboard equipment. 
 
Impacts on non-target species 
 
The tropical tuna purse seine fishery also impacts non-target species with all set types. By-catch tends to be 
higher on FAD sets and can impact vulnerable species such as silky sharks. 
 
There are many different FAD designs being used in the different oceans. In some cases, the submerged 
structure of the FADs uses old nets with mesh sizes that are large enough to entangle sharks (particularly 
small specimens of silky sharks). This type of ghost fishing is very difficult to detect because an entangled 
shark may only last a couple of days in that situation before sinking to the bottom. Nevertheless, research 
shows that the magnitude of the problem could be very large if not properly addressed. 
 
The floating structures of FADs ("rafts") can also be wrapped with netting, which can entangle sea turtles 
that want to rest on them.  
 
Through collaboration between scientists and fishers, non-entangling FAD designs have been developed to 
minimize shark and turtle entanglement, while still catching tunas. Non-entangling FADs are now 
mandatory in ICCAT, and their partial introduction since 2014 is required in the IOTC. Some fleets 
elsewhere are adopting non-entangling policies voluntarily. 
 
 
 

                                                            
1 International Seafood Sustainability Foundation <vrestrepo@iss-foundation.org> 
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Impacts on sensitive habitats 
 
Some unknown proportion of FADs are lost or not recovered and end up sinking or drifting into coastal 
areas, often beaching in sensitive areas like coral reefs. FADs require flotation, and over the last few decades 
a good part of that flotation has been made of materials that use plastics, such as PVC pipes. In addition, the 
hanging structure is often made with old nets made of nylon. Therefore, lost FADs can contribute to marine 
debris. 
 
Current research is focused on constructing FADs that use naturally biodegradable materials (wood, cotton 
ropes, etc.). Substantial research is ongoing by fleets and researchers alike, with some promising designs 
that are largely biodegradable and still aggregate tunas. One challenge for fuller biodegradability remains 
the need for the FAD to float with all of the weight it has underneath. But research on this is also ongoing. 
 
Technology is also being used in some partnerships between fleets and environmental NGOs so that if a FAD 
is drifting towards a sensitive reef, the NGO is alerted automatically and the FAD can be intercepted. 
 
One issue that has not received sufficient attention is that of lost echosounder buoys. These are made of 
plastics, microchips and batteries. In cases where FADs sink to the bottom of the ocean, it would be useful 
to have the buoys self-detach at a predetermined depth. 
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HOW FAR ARE WE FROM DISCRIMINATING TUNA SPECIES AT FADS?  
 

Gala Moreno1, Guillermo Boyra2, Igor Sancristobal2, Jefferson Murua2, Jeff Muir3, 
Isabel Perez-Arjona4, Victor Espinosa4, Susana Cusatti5, Vernon Scholey5,  

Daniel Margulies5, Kim Holland3 and Victor Restrepo1 

Most large-scale tropical tuna purse seiners have scientific-degree acoustic equipment onboard (sonars, 
echo-sounders and echo-sounder-buoys) that are used when searching for tunas. These acoustic tools 
have the potential to provide the technological means to fish in a more sustainable way using FADs, by 
providing species composition before the net is set and also by providing independent indices of 
abundance for the target species (Moreno et al., 2016). 

In order to effectively use this acoustic information and assess the abundance of any species, it is 
fundamental to have an estimation of the mean target strength (TS) value and the TS-length relationships 
of the fish species. TS values allow determining sizes while frequency response allows discriminating 
between species before fishing. TS values of other species are well known and are routinely being used to 
obtain independent indices of abundance and to study their behavior, while frequency response data are 
used to identify species prior to fishing.  However, consistent TS-length relationships and frequency 
response for tropical tunas has not been studied in depth. 

In order to untap the potential of the data provided by fishers' echo-sounder buoys and the equipment 
onboard purse seiners, ISSF in collaboration with AZTI, IATTC, the University of Hawaii and the University 
of Valencia, has been working since 2014 to obtain fundamental information of the acoustic properties of 
tropical tunas. This communication is a summary of where we stand today in terms of knowledge, 
technology, and suitability of this data to support science and address tuna mortality.  

State of knowledge of acoustic properties of tropical tunas 

Consistent TS-length relationships and mean TS for in situ skipjack and bigeye tunas have been obtained 
through two research cruises in the Central Pacific and Atlantic Oceans, where almost monospecific 
aggregations of skipjack and bigeye tunas where found at FADs (Restrepo et al. 2016). Measurements of 
yellowfin tuna TS where conducted for tunas in captivity at IATTC's laboratory in Achotines (Panama) and 
analyses are being conducted to obtain consistent TS-length relationship for yellowfin tuna.   

Frequency response of skipjack (which has no swim-bladder), showed a stronger response at higher 
frequencies compared to bigeye and yellowfin tuna (which do have swim-bladders), which showed a 
stronger response at lower frequencies. The differences were substantial enough to give a robust pattern 
useful for acoustic discrimination between skipjack and the other two species caught at FADs. As soon as 
TS for yellowfin at different frequencies is available, it will be possible to obtain a discrimination mask 
algorithm to determine the proportion of the received echo that comes from non swim-bladder (skipjack) 
and swim-bladder (yellowfin and bigeye) tunas.  

In order to discriminate between yellowfin and bigeye tunas and top help understand the variability of TS 
values, ongoing research comprises (i) the determination of longitudinal sound speed propagation, 
density and absorption for the three tropical tuna species´ tissues: fillet flesh and spine bone (ii) the 
development of numerical tests of TS simulation with models based in the Method of Fundamental 
Solutions (MFS). 

State of technology of echo-sounder buoys 

This new information on the frequency response of tunas has not been incorporated yet in the echo-
sounders and sonars onboard purse seiners neither in echo-sounder buoys attached to FADs, thus there is  

                                                        
1 International Seafood Sustainability Foundation (ISSF) 
2 AZTI, Spain 
3 University of Hawaii, USA 
4 Universidad de Valencia, Spain 
5 Inter-American Tropical Tuna Commission, USA 



    Joint t-RFMO FAD Working Group meeting                   Doc. No. j-FAD_07/2017 
    April 5, 2017 (9:18 AM)  

Page 2 of 2 

 
no echo-sounder buoy nowadays with discrimination capabilities for the different species of tunas found 
at FADs simultaneously. However, some brands have incorporated two contrasting frequencies (a low and 
a high frequency) in their new models, which demonstrates the evolution of the technology towards 
identifying species. Likewise, TS-length relationships have not been incorporated yet within the 
algorithms that echo-sounder buoy manufacturers use to convert the acoustic signal into biomass 
estimates, but existing and future projects between scientists and buoy manufacturers could provide the 
means to obtain better biomass estimates by species through this technology. 

Suitability of echo-sounder buoys to support science 

Although tuna species discrimination has not been achieved yet, echo-sounder buoys can be used in their 
current form to support science. Biomass estimates provided by fishers' echo-sounder buoys have been 
already used to study social and diel behavior of tunas at FADs and environmental preferences of tunas. 
Other promising areas of research using echo-sounder buoy data are studies on (i) the associative 
behavior of tunas at FADs; (ii) the effect of different densities of FADs on the associative behavior; (iii) 
independent indices of abundance of tunas, (iv) testing of the 'ecological trap hypothesis' and (v) FAD 
colonization processes, among others.  The amount and quality of data provided by these tools could 
improve the management of tropical tuna fisheries by filling important knowledge gaps. For this purpose, 
an appropriate collaborative scheme between ship-owners, scientists and buoy manufacturers to share 
data and knowledge is needed. 

Suitability of acoustic equipment (echo-sounder buoys and echo-sounders onboard) to address 
tuna mortality 

Another potential use of these data is informing fishers - remotely - about the species composition found 
at their FADs, so that they can avoid catches of undesired species and sizes of tunas. Nowadays, there is no 
commercial echo-sounder with this capability, but the technology could be ready in the near future. 
However, in order to effectively use echo-sounders and acoustic equipment onboard to address tuna 
mortality, other conditions need to be met: 

1. Variability exits between FAD-aggregations in skipjack-yellowfin-bigeye composition within the 
main PS fishing areas. If tuna species composition does not change among regions, the 
discrimination capability has no value to make the “good choice” of where to fish. 

2. An objective system to inform about the species composition at FADs that is independent from 
the skipper's skill.  

3. An incentive, either regulatory or market-based, to encourage skippers to make good choices. 

Conclusion 

In recent years, significant progress has been made to obtain fundamental information of acoustic 
properties of tropical tuna species to make available data from echo-sounder buoys and acoustic 
equipment onboard purse seiners to support science and to address tuna mortality. Likewise, models 
have been developed to obtain fishery-independent indices of abundance using this information. 
Technology can allow obtaining better quality data. It is time to build appropriate collaborative schemes 
between ship-owners, buoy manufacturers and scientists working with these data in different oceans, so 
that lessons are shared to effectively use this information for tropical tuna management. 
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In the 1980´s most “FADs” used in purse seine fishery were biodegradable: Logs and branches coming off 
rivers. During decades since then, FAD structure design has been modified in order to increase the 
efficiency of fishing with FADs, i.e. long-lasting, stronger materials at FADs and deeper and sophisticated 
structures for greater tuna aggregation power (from fishers' point of view).  
 
In 2013, research conducted in the Indian Ocean quantified a major, previously unknown source of shark 
mortality: Entanglement in drifting fish aggregating devices (Filmalter at al., 2013). Action was urgently 
taken through the collaboration of scientists and European purse seine fleets to find a solution for this 
source of mortality of sharks. Nowadays, the solution is clear: The use of non-entangling FADs to avoid 
ghost fishing of sharks while allowing for successful tuna fishing. 
 
Those events showed the efficacy of modifying the structure of FADs to address mortality on non-target 
species, as well as the effectiveness of the collaboration between fishers and scientists to find practical 
and agile solutions to impacts of FADs. In the same way, ISSF with the collaboration of fishers and 
scientists from different research institutes, is seeking solutions to address mortality of bigeye tuna and 
the impacts of FAD beaching events, by changing the structure and materials used in FADs. This 
communication summarizes ongoing research. 
 
FAD structure modification to address tuna mortality 
 
ISSF and IATTC together with the industry (NIRSA from Ecuador) is researching the potential effect of 
changing the structure of FADs to address tuna mortality, by assessing the performance of shallow versus 
deep structures of FADs on the capacity of aggregating bigeye tunas. For this purpose, 150 shallow FADs 
and 150 deep FADs have been deployed in the Eastern Pacific Ocean and are being monitored through 
echo-sounder buoy signals and catches made while setting on those FADs. Data from this project are still 
being collected (Restrepo et al., 2016). 
 
FAD structure modification to address impacts of lost FADs 
 
Typically today, FADs are made using as main components petroleum products such as plastic, PVC, nylon 
nets, etc., that degrade slowly, causing a growing accumulation of these products in coastal areas year on 
year. The impacts associated to FAD beaching events are damages to sensitive coral reefs, marine 
pollution as well as ghost fishing. Since 2015, ISSF has been working on finding solutions to the impacts of 
lost FADs that become marine debris. 
 
Biodegradable ropes tests at anchored FADs in Hawaii 
 
This study, done in collaboration with ORTHONGEL (EU-France) and the University of Hawaii had the 
objective to evaluate the time evolution of natural materials that could be used to build biodegradable 
drifting FADs, deployed in tropical waters. Coir (coconut husk fiber) was tested at an anchored FAD 
offshore of Kaneohe, Oahu and in the lagoon at the University of Hawaii's Institute of Marine Biology. The 
experiment was conducted during 2015. The material tested decomposed quite quickly and in such a way 
that its impact on beaches and reefs could be expected to be minimal and quite short-lived. Further, very 
low biofouling was observed on any of the samples. This would indicate that it is suitable material for sub-
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surface “tails” on FADs if appropriate strand dimensions could be manufactured. However, the quite rapid 
decline in tensile strength suggests that this material would be sub-optimal for binding FAD float 
components together. This weakness could possibly be overcome by increasing the size (diameter) of the 
strands used for this function (Restrepo et al., 2016).  
 
Biodegradable ropes tests in Maldives  
 
The objective of this work, done in collaboration with the Marine Research Institute of Maldives, is to 
evaluate the time evolution of three different rope types made of (i) cotton, (ii) sisal and cotton and (iii) 
sisal, cotton and linen, in different configurations. Sample ropes were deployed in two different sites, in 
offshore waters attached to a mooring rope, simulating a FAD in oceanic waters and in the lagoon close to 
the reef in Maniyafushi island, simulating the arrival of a FAD to the coast.  The aim is testing the evolution 
of the ropes in two different environments so that the behavior of the ropes while “at sea” in a drifting 
FAD and when a beaching event occurs is studied. This research is ongoing. Preliminary results show 
higher resistance for 100% cotton ropes and more degradation in the reef compared to the oceanic site. 
 
Workshop on the use of biodegradable FADs 
 
While experiments like the above in controlled conditions allow for obtaining results of the most 
appropriate materials to be tested in real fishing conditions, FAD design types using such materials as well 
as a protocol to test them in real at-sea conditions need to be addressed. ISSF organized a workshop in 
2016 with scientists and fishing masters from the Indian, Atlantic and Pacific oceans with the following 
main objectives: 
 

(i)  to determine the lifetime required for a FAD to be used as an efficient fishing tool in the different 
oceans. 

(ii)  to design new biodegradable FAD structures for the different oceans. 
(iii)  to define the protocol (or strategy) to test biodegradable FADs in real fishing conditions through 

the cooperation of the fleets. 
 

Main outcomes of this workshop were that FADs should last from five months to one year depending on 
the ocean. In total, seven different types of biodegradable FADs were designed during the workshop by 
fishers and scientist for the 3 oceans and a protocol for at-sea trials was defined (Moreno et al., 2016). 
 
Tests of biodegradable FADs in real fishing conditions 
 
One of the main difficulties that can be encountered when testing biodegradable FADs in real fishing 
conditions is that a high percentage of FADs deployed by a given vessel is usually set on and repurposed 
by other vessels. This high turnover makes it difficult to revisit individual FADs and get information on 
how the biodegradable structure evolves over time. Thus, in order to obtain a significant amount of data 
to achieve conclusive results, it is necessary to deploy a large number of FADs. Before such a large-scale 
endeavor is attempted, ISSF in collaboration with INPESCA (EU-Spain) has initiated a small-scale pilot to 
identify the potential difficulties that could be found in the large-scale experiment. Biodegradable FADs 
have been deployed in the Indian Ocean, utilizing lessons learned from the Hawaii and Maldives 
controlled tests as well as the recommendations from the 2016 workshop. This pilot has been recently 
initiated and data are being collected. 
 
Conclusions 
 
While the first floating objects used in the purse seine fishery were usually naturally biodegradable ones, 
they were largely replaced with more efficient FADs with man-made structures that often contain plastics 
and nylon netting. Today, there are concerns about marine debris and the potential damages by lost FADs 
that end up in sensitive habitats. For this reason, there is a need to return to biodegradable floating 
objects. An immediate obvious solution is not available and research is required in which scientists and 
fishers collaborate to come up with designs that minimize these impacts on the ecosystem, while still 
attracting tunas. This document presents several ongoing initiatives. 
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Extended abstract 
 
Traditionally drifting FADs were constructed with netting to cover the floating raft and formed most of the 
underwater hanging structure. This net was recycled from old tuna purse seine nets, which have a large 
stretched mesh (e.g. > 3 inches). Unexpected high shark entanglement levels in FADs were found in a study 
conducted in the Indian Ocean at a time when loosely hanging panels of wide-mesh net were the norm, 
Scientists and fishers from many fleets have taken action to mitigate the problem caused by High 
Entanglement Risk (HER) FADs.  Since 2010, large-scale pilot trials by the EU tuna purse seiner fleets to 
move away from HER FADs, fomented by industry-scientist participatory projects (e.g. MADE, Ecofad, ISSF 
Skipper Workshops) led to a voluntary shift towards FAD designs which minimized chances of “ghost 
fishing” of sharks, and turtles. In addition, acceptance levels for the idea of adopting Non-Entangling FADs 
(NEFADs) increased in many fleets, as skippers became more familiar with alternative FAD designs and 
learned that tuna catches for HER and NEFADs were equivalent. The need to limit the impact of FAD 
entanglement is further reinforced by the fact that numbers of FADs in all oceans have been increasing in 
the last decade. 
 
In recent times, there have been substantial advances in the application of FADs that minimize 
entanglement. At present ICCAT has adopted measures that requires the use of non-entangling FADs 
(NEFADs) since January 2017, meanwhile IOTC regulations have provided for a gradual adoption of NEFADs 
from 2014 onwards, and IATTC encourages the utilization of NEFADs. The only tuna RMFO which has not 
explicitly advocated the adoption of NEFADs, despite their demonstrated conservation benefits of this 
design, is the WCPFC. This document describes the use of types of FADs according to their entanglement 
risk in different fleets of the world. The information is based on anonymous captain and navigator 
anonymous questionnaires and open question discussions with many fishers attending International 
Seafood Sustainability Foundation (ISSF) Skippers’ Workshops for fleets including Spain, France, Ghana 
USA, South Korea, China, Taiwan, Indonesia, Peru, and Ecuador. ISSF scientists were also able to contrast 
some of this information through available observer information, research cruises, or vessel visits at ports 
where many of the FADs are constructed nowadays. Implementation of Lower Entanglement Risk (LER) 
FADs (i.e. FADs made with small mesh netting or netting tightly tied into bundles) and NEFADs (i.e. no 
netting used in their construction) is practically complete in the Indian and Atlantic Ocean, and is being 
increasingly adopted by fleets in the Eastern Pacific Ocean. In addition, The LER and NEFAD designs used 
by most fleets are inexpensive as for example they either use the same materials, like in FADs with netting 
tied into bundles, or require a lower amount of materials, like only ropes and no raft cover for NEFADs. In 
other instances, canvas materials or cheap second hand small mesh nets for small pelagics are used.  
According to skippers’ comments, they have stopped seeing turtle or shark entanglements since they use 
these adapted FADs. Even if this general perception by fishers is true, scientific trans-oceanic studies that 
evaluate shark entanglement rates are lacking. Especially those including examination of “cryptic” 
entanglement events that go unobserved, as sharks may entangle in FADs only for a brief period of time (e.g. 
few days) before falling off. Also needed is research to evaluate if the rate of turtle or shark entanglement 
in LER and NEFADs is significantly different. These two categories may perhaps be an artefact and both 
could fall under the label of NEFADs if proven to have similarly low entanglements. This knowledge may 
also aid in the harmonization of standards and a clear definition of NEFADs across RFMOs. 
  
At present only FADs in the WCPO are mostly of the HER type, made with wide mesh netting. In this Ocean 
FADs tend to be deep (e.g. 40-80 m), which means more entangling netting material is utilized.  Note that 
FADs with modifications to reduce entanglement have continued to work and catch tuna well in three 
oceans already, so there is no apparent reason why drifting LER and NEFADs would not work in the WCPO.  
In fact, anchored FADs by WCPO fleets like Indonesia or Philippines are prime examples of NEFADs, as they 
are constructed with zero netting. Given that the WCPO is the largest tuna fishing region in the world and 
many inter-island regions are home to key shark populations, it would be advisable to move away from 
potentially entangling-FAD designs.  
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DEPLOYMENT OF NON ENTANGLING FADS AND RELATED ACTIVITIES MONITORED BY AN 
ELECTRONIC MONITORING SYSTEM IN THE INDIAN OCEAN 

 
 G. Legorburu1, J.P. Monteagudo2  

 
 
Electronic monitoring systems (EMS) are used in some fisheries to collect the same types of scientific 
information that human observers can collect. Activities from five supply vessels operating in the Indian 
Ocean are being recorded with the Seatube EMS system from the company SATLINK. Recordings of the 
Seatube system are being reviewed by DOS (Digital Observer Services) by trained observers with previous 
at sea experience. In this paper, we present preliminary analyses for a combined total of 8 fishing trips and 
370 days at sea, comparing 2129 activity events recorded on logbooks by skippers and 2244 activity events 
identified during EMS record review. The elements being compared include materials and FAD 
configurations at deployment and FAD related activities during the trip. Preliminary results show a 
significant level of coincidence, suggesting the system could be suitable to verify compliance with 
monitoring, design and deployment of FADs requirements set by IOTC CMM 15-08.  
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SUMMARY 

 
A new renewed version of the Fish Aggregating Device logbook (FAD) is presented to compile data within 
the framework of the National FAD Management Plan conducted by the Spanish General Secretariat of 
Fisheries (Ministry of Agriculture and Fisheries, Food and Environment), in collaboration with the Spanish 
Institute of Oceanography (IEO - Ministry of Economy, Industry and Competitiveness). This updated version 
is intended for Spanish tuna freezer purse sein fleets that target tropical tunas (yellowfin, skipjack and 
bigeye) to comply in the Atlantic, Indian and Pacific Oceans. 
 
The IEO, the AZTI Foundation, the International Seafood Sustainability Foundation (ISSF), OPAGAC-AGAC 
(Organización de Productores de Atún Congelado) and ANABAC (Asociación Nacional de Armadores de 
Buques Atuneros Congeladores) have collaborated since June 2016 with the intention of implementing a new 
format of the Spanish FAD logbook introduced in 2010. The objectives pursued in this process were as 
follows: i) resolve the problems encountered in the previous format, ii) develop simple instructions for the 
Spanish fleet and iii) respond to all the current requirements of tuna Regional Fisheries Management 
Organisations (RFMOs). 
 
The Spanish tuna purse seine fleet have started to use this format at the beginning of 2017 and, since then, 
contact has been maintained with the captains through the shipowning companies, mainly ALBACORA S.A., 
collecting issues which were encountered and adapting suggestions to the format of this logbook. This work 
has been carried out in coordination with the companies stated in the abovementioned paragraph. This 
document describes the fields in the standard form, including the improvements obtained from these 
conversations. 
 
The main reasons for the improvement of this FAD logbook were:  
 

a) Provide the fleet with a version that includes a simple format adapted to its use on board, integrating 
concise guidelines to increase the quality of the data received by: i) merging the inventory and 
activity forms, ii) including instructions in the same file, iii) providing examples that include the main 
activities conducted by the FAD tuna purse seine fleet, iv) simplifying the identification of FADs, using 
the unique identifier of each buoy, as provided by the manufacturer, v) excluding unnecessary data 
and vi) providing a user’s guide with photographs. 

 
b) Facilitating data processing by: i) organizing data fields according to their subsequent processing, ii) 

including all required fields to comply with current RFMO FAD data requirements.  
 
This document analyses the new format of the FAD logbook, field by field, pointing out the main problems 
encountered in previous versions and describing the improvements adopted. 
 
A historical overview is presented of the measures adopted by the four competent RFMOs in the three 
oceans where tropical tuna purse seine fishing is conducted: The Inter-American Tropical Tuna Commission 
(IATTC), the International Commission for the Conservation of Atlantic Tunas (ICCAT), the Indian Ocean 
Tuna Commission (IOTC) and the Western and Central Pacific Fisheries Commission (WCPFC). This revision 
focuses on the request for data related to FAD characteristics and the activities carried out with them by 
this fleet.  
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Likewise, the data currently requested by each RFMO and those provided, including this new format, are 
presented.  
 
Although a lot of modifications have been made as regards to the content, the following are the most 
significant: 
 

a) Use the number of the buoy as the FAD identifier as provided by the manufacturer. The number on 
board the floating structure caused problems as regards monitoring. 

 
b) Add the "Modification over previous object" activity to monitor the life of FAD components. 

 
c) Locate the drifting objects which are not "marked" by a buoy more easily. 
 
d) Include catch data of the three main target species (yellowfin, skipjack and bigeye). 
 
e) Incorporate drop-down menus aimed at adapting them to the experiment including new components 

(e.g.: biodegradable).  
 
f) Deduct the non-drifting objects from the components registered on board (mesh size, open net or "in 

a sausage", net exposed to the sea or not, etc.). 
 

All in all, this new FAD logbook format allows to collect all the different requirements by RFMOs with the 
aim of improving the quality of data, using simple tools that can be used on board.  
 
This work concludes that the standardization of forms, tools and guidelines among the RFMOs is 
recommended to improve data integration and processing. Moreover, it should be underlined that there is 
little information to justify the numerous fields that are currently registered. Future analysis, feasible in the 
short-term, will enhance the commitment between the effort made to integrate and process the information 
and the benefits this provides. Finally, the importance of involving all the sectors in the development of 
successful FAD management plans should be pointed out. This work is an example of collaboration between 
scientists, shipowners and captains. 
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SPANISH FADs LOGBOOK: SOLVING PAST ISSUES, RESPONDING TO NEW GLOBAL REQUIREMENTS 
 

Mª Lourdes Ramos1, José Carlos Báez1, Maitane Grande2, Miguel A. Herrera3, Jon López4, Ana Justel5, Pedro 
J. Pascual1, María Soto1, Hilario Murua4, Anertz Muniategi6, Francisco J. Abascal1 

 
 
1. Introduction 
 
Drifting floating objects, not only man-made but also with a natural origin, have been regularly used by the 
tuna purse seine fishery in the tropical oceans of the world since the late 1980s and early 1990s (Fonteneau 
et al. 2015) to aggregate targeted species and increase fishing efficiency (Figure 1). Tuna catches associated 
to objects by the Spanish tropical purse seine fleet have accounted on average for 56%, 70%, 88% and 93% 
of the yearly catches in the Atlantic, Indian, Eastern Pacific (EPO) and Western Pacific Oceans (WPO), 
respectively for Spanish tropical tuna purse seine fishery (Figure 2). If these catches are grouped into five-
year periods, a marked increase is observed in the global trend from almost a 60% in 1991-1995 period to 
nearly an 80% for the last five years analyzed (2011-2015) (Table 1 and Figure 3). 
 
The increasing use of drifting FADs by tropical tuna purse seiners and its potential effects on target and 
non-target species populations and ecosystem (i.e., marine pelagic and vulnerable coastal areas) is one of 
the major concerns of t-RFMOs. Evaluating the level of use and the operational changes of the fleet through 
time (i.e., number of FADs deployed and materials used for its construction) is essential for correct FAD-
fishing assessment and the reliable analyses of tropical tuna catches. In this sense, efforts are being made 
to collect detailed information of FAD-related activities. Since 1999 the Inter-American Tropical Tuna 
Commission (IATTC) is collecting information on FAD structures and components in the EPO (Figure 4) 
and the International Commission for the Conservation of Atlantic Tunas (ICCAT) has been requesting this 
information since 2011 for the Atlantic Ocean FAD-fisheries (ICCAT 2011). Similarly, the Indian Ocean Tuna 
Commission (IOTC) has requested information on FADs since 2001 (IOTC 2001) (Figure 5). The Western 
and Central Pacific Fisheries Commission (WCPFC) FAD data are collected by the observers on board 
(WCPFC 2016). 
 
Due to the complexity of this fishing strategy and activities and the lack of unified formats and criteria for 
the data collection, the information collected so far by the skippers and available for analysis has been of 
limited utility. Therefore, efforts from all the stakeholders are required to improve the collection of FAD-
related data in a comprehensive way.  
 
The FAD management plan resolution was agreed in ICCAT in 2011 and amended in 2013. The Spanish 
Ministry of Agriculture and Fisheries, Food and Environment, in close collaboration with the IEO and the 
Spanish tropical tuna purse seine fleet organizations (ANABAC/OPAGAC), laid down a Fish Aggregating 
Device Management Plan for its national fleet in 2010 which has been running since then. The preliminary 
data and results were presented in Delgado et al. (2015), where it was stated that “it is worth to note that 
this plan has been the first initiative of this kind adopted by a CPC member of tuna RFMOs, and can be 
considered as a pioneer and the seed for the implementation of FAD management plans in Tuna RFMOs. In fact, 
the Spanish FAD Management Plan has been used as a template and model in Tuna RFMOs and the agreed FAD 
Management Plans of all Tuna RFMOs included the elements developed in the Spanish FAD Management Plan”. 
 
From January 2017, the tropical purse seine fleet in the Eastern Pacific Ocean is recording FAD data in a 
new logbook form (IATTC 2016a), and the Spanish purse seiner fleet in the Atlantic, Indian and Pacific 
Oceans is beginning to use the new version of the Spanish FAD logbook presented in this document (Annex 
1), an updated version of the logbook first introduced in 2010 (Delgado de Molina et al. 2013).  
 
The aim of the present paper is to summarize the issues encountered when analyzing the data collected by 
skippers using the original FAD logbook, and discuss the solutions agreed in order to improve the data 
collection system and data quality. The new format presented here is the result of a collaborative work 
between the scientific bodies and the fishing industry, which integrates all the data requirements of the t-
RFMOs in a single logbook with a user-friendly format for the skippers. 
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2. On the objectives, resolutions and FAD data required by t-RFMOs 

 

The main objectives pursued and reasons to improve the current Spanish FAD logbook form are: 

 

a) Providing a simple format adapted to be used by the crew on board with clear and concise guidelines 
 which aim to increase data quality by: i) merging the inventory and activity forms, ii) including 
 templates and instructions in a single file, iii) including examples of the main FAD operations 
 performed by purse seiner vessels iv) simplifying the identification of FADs, using the unique 
 identifier of the buoy, as provided by the manufacturer and followed by the skipper, v) avoiding  filling 
 in more data than needed and vi) attaching a user’s guide with photographs. 
 
b) Facilitating data processing by: i) organizing data fields according to their succeeding processing, ii) 
 including all fields needed to comply with current FAD data requirements by t-RFMOs (Figure 6). 
 
c) Having an easy to modify tool for future requirements and research. 
 
The FAD report requests and data requirements by t-RFMO are detailed below: 
 
IATTC data requirements: 
 

- In 1998 and 1999, the IATTC expressed its concern about tuna catches and bycatch associated with 
 FADs in two separate resolutions (IATTC 1998) (IATTC 1999). As a consequence, scientists 
 recommended banning supply vessels in EPO and limiting the number of FADs on board. A working 
 group was established to monitor the relationships between certain FAD characteristics and tuna 
 catch rates. In 2004, the IATTC recommendations focused on non-entangling FAD designs, 
 particularly for sea turtles (IATTC 2004). In 2013, this RFMO edited the first resolution on data 
 collection and analyses on FADs (IATTC 2013), which was refined till ongoing C-16-01 resolution 
 (IATTC 2016b). This resolution requests CPCs to collect the following information at each interaction 
 with a FAD: 
 
 i. Position;  
 ii.  Date;  
 iii.  Hour;  
 iv.  FAD identification1;  
 v.  FAD type (e.g., drifting natural FAD, drifting artificial FAD);  
 vi.  FAD design characteristics (dimension and material of the floating part and of the underwater 
  hanging structure);  
 vii. Type of the activity (set, deployment, hauling, retrieving, loss, intervention on electronic  
  equipment, other (specify));  
 viii. If the activity is a set, the results of the set in terms of catch and bycatch; and  
 ix.  Characteristics of any attached buoy or positioning equipment (positioning system, whether 
  equipped with sonar, etc.). 
 
From January 2017, this information is being collected by the Spanish purse seine fleet in a logbook edited 
by the IATTC (Figure 7). This information has also been collected in the Spanish FAD logbook since 2012. 
Most recently, the IATTC Secretariat has also instructed the observer programmes to record the unique 
identifier established by Resolution C-16-01 in the Floating Objects Form (Figure 4). 
 

                                                            
1CPCs shall obtain unique alphanumeric codes from the IATTC staff on a periodic basis and distribute those numbers to the vessels in 
their fleets for FADs that may be deployed or modified, or in the alternative, if there is al-ready a unique FAD identifier associated with 
the FAD (e.g., the manufacturer identification code for the attached buoy), the vessel owner or operator may instead use that identifier 
as the unique code for each FAD that may be deployed or modified. 
The alphanumeric code shall be clearly painted in characters at least 5 cm in height. The characters shall be painted on the upper 
portion of the attached radio or satellite buoy in a location that does not cover the solar cells used to power the equipment. For FADs 
without attached radio or satellite buoys, the characters shall be painted on the uppermost or emergent top portion of the FAD. The 
vessel owner or operator shall ensure the marking is durable (for example, use epoxy-based paint or an equivalent in terms of lasting 
ability) and visible at all times during day-light. In circumstances where the observer is unable to view the code, the captain or crew 
shall assist the observer (e.g. by providing the FAD identification code to the observer). 
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ICCAT reporting obligations on FADs and on support vessels (yearly): 
 

- From 2011, ICCAT recommended to register FAD activities (deployments, retrievals and sets) in 
 fishing logbooks, identifying these devices with a code (ICCAT 2011). The first guidelines for the 
 preparation of FAD Management Plans were edited in 2013, and are continuously under revision 
 since then (ICCAT 2013, 2014, 2015 and 2016). Currently, ICCAT requirements in FADs 
 logbooks for purse seine, baitboat  and support vessels are as follows (Figure 8) (ICCAT 2016a): 
 
(a) Deployment of any FAD 
 
 i. Position 
 ii. Date 
 iii. FAD type (anchored FAD, drifting artificial FAD) 
 iv. FAD identifier (i.e., FAD Marking and buoy ID, type of buoy – e.g. simple buoy or associated with 
 echo-sounder) 
 v. FAD design characteristics (material of the floating part and of the underwater hanging structure 
 and the entangling or non-entangling feature of the underwater hanging structure) 
 
(b) Visit on any FAD 
 
 i. Type of the visit (deployment of a FAD and/or buoy1, retrieving FAD and/or buoy, 
 strengthening/consolidation of FAD, intervention on electronic equipment, random encounter 
 (without fishing) of a log or a FAD belonging to another vessel, visit (without fishing) of a FAD 
 belonging to the vessel, fishing set on a FAD2) 
 ii. Position 
 iii. Date 
 iv. FAD type (anchored FAD, drifting natural FAD, drifting artificial FAD) 
 v. FAD identifier (i.e., FAD Marking and buoy ID or any information allowing to identify the owner) 

vi. If the visit is followed by a set, the results of the set in terms of catch and by-catch, whether 
 retained or discarded dead or alive. If the visit is not followed by a set, note the reason (e.g. not 
 enough fish, fish too small, etc.) 
 
(c) Loss of any FAD 
 
 i. Last registered position 
 ii. Date of the last registered position 
 iii. FAD identifier (i.e., FAD Marking and buoy ID) 
 
The Commission also focuses on supply vessels deployment activities, requesting the number of FADs 
deployed per month, area, type of object and type of beacon. 
 
Following SCRS (Standing Committee on Research and Statistics) recommendation, the Commission 
requests the number of FADs actually deployed on a monthly basis per 1°x1° statistical rectangles, by FAD 
type, indicating the presence or absence of a beacon/buoy or of an echo-sounder associated to the FAD, as 
well as specifying the number of FADs deployed by associated support vessels, irrespective of their flag 
(ICCAT 2016a). 
 
In response to Rec. 13-01 (ICCAT 2013), the form ST08-FadsDep was created in 2014 (Figure 9). 
 

 

 

 

 

 

                                                            
1  Deploying a buoy on a FAD includes three aspects: deploying a buoy on a foreign FAD, transferring a buoy (which changes the FAD's 
owner) and changing the buoy on the same FAD (which does not change the FADs owner). 
2 A fishing set on a FAD includes two aspects: fishing after a visit to a vessel’s own FAD (targeted) or fishing after a random encounter 
of a FAD (opportunistic). 
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IOTC data requests: 

 

- The IOTC asks for FAD data through Form 3FA (Figure 10), requiring the number of FADs visits 

per month, type of FAD and type of activity (IOTC 2014). 

 
- Type of FAD: 

 
IOTC Code  English Description  

LOG  Drifting log or debris NOT located using a tracking system (radio or satellite transmission)  

LGT  Drifting log or debris located using a tracking system (radio or satellite transmission)  

NFD  Drifting raft or FAD with a net NOT located using a tracking system (radio or satellite transmission)  

NFT  Drifting raft or FAD with a net located using a tracking system (radio or satellite transmission)  

FAD  Drifting raft or FAD without a net NOT located using a tracking system (radio or satellite transmission)  

FDT  Drifting raft or FAD without a net located using a tracking system (radio or satellite transmission)  

ANF  Anchored FAD  

DFR  Other drifting objects NOT located using a tracking system (radio or satellite transmission) (e.g. dead animal, etc.)  

DRT  Other drifting objects located using a tracking system (radio or satellite transmission) (e.g. dead animal, etc.)  

 

- Type of visit: 

 
IOTC Code  English Description  

DD  Deployment of drifting FAD  

AD  Deployment of anchored FAD  

DH  Retrieval/encounter and hauling of drifting FAD  

AH  Revisiting and towing of anchored FAD  

DR  Retrieval of drifting FAD  

AR  Revisiting anchored FAD  

DL  Loss of drifting FAD (tracking signal lost)  

AL  Loss of anchored FAD (detached from anchorage point or damaged heavily) 

DI  Retrieval/encounter, hauling, and intervention on electronic equipment of drifting 

FAD  

 

- Effort: Total number of FAD visits by purse seiners, support vessels, baitboats, or boats using other 

gears operating under the flag of the country reporting the data. Note that this number shall include 

all of the FADs visited, including visits to FADs set by the same vessel that reports the visit and 

other types of FAD, as defined in Type of FAD above.  

 

- FAD sets: Indicate the number of FAD visits that ended up in a set; FAD sets can be performed 

following the retrieval of a FAD, drifting (DH, DR, and DI), or anchored (AH and AR).  

 

- Catches by species: including:  

 

a) Retained catches: catches for each species retained on board in live weight and/or number. 
 IOTC CPC’s shall provide catches for IOTC species (Table 3) and other species identified by 
 the Commission (Table 4) and are encouraged to provide catches for all other species that are 
 retained on board (Appendix V; Table 5 and Table 6). The catches of specimens for which 
 only part/s of their bodies is retained on board shall be always reported as retained catches, 
 in live weight. 

 
b) Discard levels: discard levels for each species in live weight or number. IOTC CPC’s shall 
 provide discard levels for IOTC species (Table 3, page 16) and other species identified by the 
 Commission (Table 4). IOTC CPC’s are encouraged to provide discard levels for other species 
 of bony fish (Table 5), sharks (Table 6), marine turtles (Table 7), seabirds (Table 8), and 
 marine mammals (Table 9). 
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WCPFC: 
 
In the case of the WCPFC, there are no requirements on data provision. Since 2010, purse seine vessels 
operating in the Convention Area of this t-RFMO have a 100% observer coverage since 2010 (as established 
by CMM2008-01 and following Conservation and Management Measures). The Regional Observer Program 
includes data collection on FAD activities (WCPFC 2017). Some preliminary data have been obtained as of 
these observer data (Abascal et al. 2014). 
 
 
3. New Spanish FAD logbook 
 
The FAD data collection forms have been reviewed, modified and adapted for its use on board purse-seine 
and supply vessels, in response to the t-RFMOs requirements and previous experiences on data collection 
and processing. The new model of the Spanish FADs logbook described in this document includes the main 
data requested by t-RFMOs (Figure 6). The specific analysis of the information recorded in the logbook is 
presented in this section, field by field: 
 

- Position  A fundamental problem found with these data comes from its format. It is important to 
provide a field easy to fill, easy to use in data processing and in accordance with the one generally 
used on board. 

 

Two fields are provided in FAD logbook with a familiar format for the captains: 

 

FADs Logbook:  Instructions: 

 

 

 

 

 

 

 

 

 

 

- Date and hour  The variability in the formatting of date and time usually results in bugs in data 
processing. Two fields are included in FADs logbook, with a familiar format for the captains. Time is 
recorded in GMT: 

 

FADs Logbook:        Instructions: 

 

 

 

 

 

 

 

 

 

 

 

Position 

Lat Lon 

ggmm gggmm 

01º30'S 009º58'W 

 Field Format Description Example 

POSITION 

Lat ggmm 

Grades (gg): Two digits, e.g. 03 (initial 0 

is not needed) 

Minutes (mm): Two digits, e.g. 08   Begin 

with sign '-' for south latitude. Format  

ggºmm'N/S will automatically appear in 

the field 

-203 

(for 02º03'S) 

Lon ggmm 

Grades (gg): Three digits, e.g. 050 (initial 

0 is not needed) 

Minutes (mm): Two digits (e.g. 08)   

Begin with sign '-' for western longitude. 

Format gggºmm'E/W will automatically 

appear in the field 

5023 

(for 050º23'E) 

Date 
Time 

(GMT) 

DDMMYYYY HHMM 

01/12/2017 09:01 

Field Format Description Example 

Date DDMMYYYY 

Day (DD): Two digits (e.g. 15) Month (MM): 

Two digits (e.g. 06) 

Year (YYYY): Four digits (e.g. 2017) 

Format 'dd/mm/yyyy will automatically 

appear in the field 

28092017 

Time 

(GMT) 
HHMM 

Hour GMT (HH): Two digits (e.g. 12) Minutes 

(MM): two digits (e.g. 08) 

Format ‘HH:MM’ will automatically appear in 

the field 

603 
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- FAD identification  As buoys are often re-used and some vessels renumber them in order to have 

an easy to use inventory on board, in the 2nd FAD Working Group of ICCAT it was concluded that the 
FADs should be tracked by the buoy unique ID attached to the FAD (given by the buoy manufacturer), 
recording in the logbook details of all changes (ICCAT 2016b). Any modification on the tracking 
system (i.e. buoys) of a FAD is registered in a new line, following the initial activity with the object, 
as “modification over previous object”, allowing the individual tracking of FADs.   

 
These fields ask for this unique buoy ID and the model (manufacturer’s brand) of the buoy in order to 
deduce its characteristics (echo-sounder, GPS, radar reflectors, visible distance…) 
 
An open drop-down menu with the list of most frequent models has been included to facilitate data entry. 
It also allows for the inclusion of free text (new models) as this technology is constantly improving: 
 

FADs Logbook:   Instructions: 

 

 

 

 

 

 

 

 

The previous FAD forms included both the FAD and buoy IDs. Several issues were identified when trying to 
track FADs by these codes. Since the practical totality of FADs used by the fleet are tracked with satellite 
buoys, most of the skippers named the FADs with the beacon ID. Once the buoy was reused in a new FAD, it 
resulted in a non-unique identifier.  In other instances, captains used their own codes, but these were not 
usually kept by other skippers. Given its simplicity, this coding resulted in frequent duplicates, as well. 
Therefore, it was decided to use the buoy ID as the unique identifier. 
 
The use of the buoy ID as unique identifier has the inconvenient that it is useful as long as these IDs are 
visible, the activity is carried out by, or with the permission of, the buoy owner or the FAD is hauled onboard. 
Of course, this does not cover activities with FADs tracked using other type of locating buoys, which may 
not have unique identification codes printed externally (not the case of the Spanish fleet). 
 
Some solutions, like the labeling of the FAD/buoy are being explored by t-RFMOs, although its feasibility is 
still under discussion (e.g. readability, covering of solar cells, etc.). 
 

- FAD type  It has been considered to distinguish between i) drifting (DFAD) and anchored (AFAD) 
objects (Field: ‘FAD Type’), ii) own and external origin (Field: ‘Owner’), iii) natural and artificial 
objects (commonly ‘rafts’) (Fields: ‘Origin’ and ‘Buoy?’ and the following FAD characteristics) and iv) 
tracked or not (Field: ‘Buoy?’). 

  

Buoy 

Model Numeric ID 

m3i+ 133259 
BUOY 

Field Format Description Example 

Model  

Select from the drop-down menu the 

model  of the buoy (d+, dl+, ds+, dsl+, 

te7, m3i, m4i…) 

In case of not being included in the list, 

select "Other" and overwrite the new 

model. Avoid generic names as: 

Nautical, Tunabal, Satlink… 

ds+ 

Numeric ID number 

Register the unique ID number used to 

identify the buoy (the one usually 

written after the model) without spaces 

or symbols 

13448 
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FADs Logbook:    Instructions: 

 

 

Table 0: 

 

Table 2: 
FAD Type Description/Comments 

Drifting Any drifting object 

Anchored 
Supply vessel anchored to a 

seamount 

 

 
Any addition of a tracking system and/or modification in logs structure (e.g., joining a raft) is registered in 
a new line, associated to the activity: ‘Modifications over previous object’. These records make viable 
tracking the modifications made.  
 

- FAD design characteristics  For every activity on an object, captains register the materials 
located/employed, its characteristics and dimensions. With a view to identify entangling objects, it 
has been introduced two fields that detect nets mesh size not only in the more superficial part of the 
floating structure but also becoming part of the underwater structure. This is also effective for 
drifting nets (e.g., gillnets). 

  

Owner 
Buoy? 

FAD Type 
(Y/N) 

Vessel-1 Y Drifting 

Field Format Description/Comments Example 

Owner  
Select from the drop-down menu 

depending on the origin of the 

object (see Table 0) 

Own 

Buoy? S/N 

Select 'Y' (Yes) if the object has a 

buoy or 'N' (No) if not                                              

This field has been designed to easily 

register objects without buoys, not 

only with natural origin but also 

man-made (nets, carrion, herbs, 

pallet…) 

If a buoy or any other element is 

added, register a new line with the 

new FAD characteristics (See Table 

1 – Modifications over previous 

object and Examples Sheet) 

Y 

FAD Type  

Select from the drop-down menu 

the type of object (See Table 2 and 

Examples Sheet) 

NOTE: The characteristics of FADs 

are not registered (floating part and 

hanging structure) if the activity is 

focused on an anchored FAD (e.g. 

supply vessel) 

Anchored 

Owner  

Own 
Device belonging to the 

own vessel                

"Vessel name" 

If the object belongs to 

another known vessel, 

select this option and 

overwrite its name 

Unknown If the owner is unknown 

Non aplicable 

For objects (including 

rafts) without a tracking 

system (‘logs’) 
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FADs Logbook: 

 

Floating part Underwater hanging structure 

Dept

h (m) 

Material 

/ 

Structur

e 

Floating 

devices 

Superficia

l covering 

material 

Superficia

l covering 

net mesh 

Dimension

s Material 

/  

Structur

e 

Supplement

s 
Ballast 

Net 

mesh 

NOT 'in 

a 

sausage

' 

aaxbbxcc 

Bamboo Corks Net < 3 cm 2x3x0,5 
Sausage 

form 
Man-made 

Ring/Eyebol

t 

NO 

mesh 
20.5 

 

Instructions: 

 
 Field Format Description Example 

FLOATING PART 

Material / 

Structure 
 

Select form the drop-down menu the main material of the 

floating (or half-submerged) structure of the object (See Table 

3) 

Bamboo 

Floating devices  Select form the drop-down menu the main material used to 

keep FAD buoyancy (See Table 4) 
Corks 

Superficial 

covering 

material 

 Select form the drop-down menu the main material used to 

wrap the most superficial part of the FAD (See Table 5) 
Net 

Superficial 

covering net 

mesh 

 
Select 'NO mesh' if the most superficial covering of the floating 

part has NO any net. If the superficial covering has, at any 

section, net mesh, select its range from the drop-down menu. 

< 3 cm 

Dimensions aaxbbxcc 
Write down in this field the digits required to indicate the 

length (aa), the width (bb) and height (cc), in meters 
2x1x0.3 

UNDERWATER 

HANGING 

STRUCTURE 

Material /  

Structure 
 Select form the drop-down menu the main material/structure 

used in the hanging structure (See Table 6) 

Net with 

‘sails’ 

Supplements  
Select from the drop-down menu the group of materials added 

to the main structure. If they are mixed (natural+man-made), 

select ‘Both’ option                           (See Table 7) 

Coloured 

tapes 

Ballast  Select from the drop-down menu the material used as ballast of 

the FAD (See Table 8) 
None 

Net mesh NOT 

'in a sausage' 
 

Select from the drop-down menu the net mesh range if any 

section of the underwater hanging structure or any 

supplement presents a net. If there is no net, select 'NO mesh' 

NO mesh 

 
Depth (m) number 

Write down, with digits, the maximum depth reached by the 

FAD 
30 
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Tables: 
Table 3. MATERIAL / STRUCTURE  

(Floating part) 
Description/Comments 

Bamboo Floating part (or half-submerged) made of bamboo stalks 

Metal Floating part (or half-submerged) made of metal 

Plastic / PVC Floating part (or half-submerged) made of plastic and/or PVC 

Bamboo + Plastic/PVC Floating part (or half-submerged) made of bamboo and plastic/PVC 

Bamboo + Metal Floating part (or half-submerged) made of bamboo and metal 

Natural logs 
Any object with natural origin that was NOT DESIGNED to aggregate tuna 

(carrion, trunk, herbs…)  

Man-made logs 
Any object with a man-made origin that was NOT DESIGNED to aggregate tuna 

(gillnet, pallet, ropes…) 

Mixed 

Floating part (or half-submerged) combining the previously cited materials 

listed in this table or VARIOUS types of objects (e.g. rafts) joined, including 

natural objects  

(describe in the ‘Observations’ field)                                          

Single buoy 

Select if any activity is carried out a single buoy (NO object associated)  

It is NOT required the registration of the rest of the components (floating part, 

hanging structure) 

Other 

Floating part (or half-submerged) made of any material not included in the 

previously cited types (bamboo stalks and net in a ‘sausage’ form, corks and net 

in a ‘sausage’ form, big containers, ropes and net….) 

Unknown floating structure 
ONLY when there is no way to know or approximate the main material of the 

floating part 
    
Table 4. FLOATING DEVICES Description/Comments 

Containers Floating device made of plastic containers 

Corks Floating device made of corks or plastic floats 

‘Balls’ Floating device made of plastic spherical balls 

Other 
Floating device made of any other material or mixed materials                                                                   

(describe in the ‘Observations’ field) 
    
Table 5. SUPERFICIAL COVERING MATERIAL Description/Comments 

Raffia/Nylon 
Select if any kind of cloth is employed to cover the floating part of the object 

(raffia, nylon, sailcloth…) 

Net 
Select if any kid of net with any mesh is employed to cover the floating part of 

the object (purse seine, gillnet, trawl net…) 

NO covering Select if the floating part of the object lacks of a covering 

Other 

Select if the covering is made of any other kind of material or if it is made of 

mixed materials  

(describe in the ‘Observations’ field) 
    
Table 6. MATERIAL / STRUCTURE  

(Hanging structure) 
Description/Comments 

Net in a ‘sausage’ form Net in a ‘sausage’ form along its entire length 

Open net Open net along its entire length 

Net with ‘sails’ Sections of open net (‘sails’) 

Ropes Ropes / 'rope ends' as major or unique material 

Other 

Any other kind of material not listed in the previous lines of this table or 

mixed materials 

 (describe in the ‘Observations’ field) 

Unknown extension 

ONLY when there is no way to know or approximate the main material of the 

hanging structure 

 
    
Table 7. SUPPLEMENTS Description/Comments 

Natural origin Palm leafs or any other natural component in the underwater hanging structure 

Man-made origin 
Coloured tapes, plastic bags, pieces of sacks, remains of orange floats… in the 

underwater hanging structure 

Both 
If both, natural and man-made components become part of the underwater 

hanging structure 

None If NO components were added to the structure selected from Table 6 
    
Table 8. BALLAST Description/Comments 

Metal rings / Eye bolts Metal rings, eye bolts or any other similar material as ballast 

Metal wire Metal wires (e.g., pieces of purseline) or any other similar material as ballast 
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Stone Stones as ballast 

Cinder block Cinder blocks or pieces of them as ballast 

None If NO components were added as ballast to the structure selected from Table 6 

Other 
Select if the ballast is made of any other kind of material or if it is made of 

mixed materials (describe in the ‘Observations’ field) 

 

Drop-down menu for the net mesh: 

 
Net mesh 

NO mesh 

< 3 cm 

3-7 cm 

> 7 cm 

 

These fields are designed to improve the knowledge about FAD characteristics since all of them are 
adjustable to the new situations on FAD fishing. One important improvement consists on registering 
modifications and replacements on the structure as new lines. New materials not included in the drop-down 
menu can be identified in the “Observations” field. In this sense, as the FAD design evolves, new materials 
will be included in the drop-down menus of the logbook. 
 

- Type of activity  Keeping in mind the main activities performed by the purse-seine vessels with 
objects and taking into account the significance of tracking the objects paths, it has been considered 
to register the following activities. The combination of some of them point out the active FADs at any 
one time per vessel: 

 

Logbook:      Instructions: 

 

 

 

 

Tables:  

 
Table 1. ACTIVITY Description/Comments 

Deployment 

If a FAD is deployed (NO for markings of natural objects with a buoy. See ‘Modifications 

over previous object’)  

(Check the rest of the fields in this table and the examples sheet) 

Verification (visit) 
With every visit, NOT if the object is retrieved or if a set is performed, regardless of its 

modification (see the examples sheet)  

Set 

If a set is performed on any kind of object. 

Add one line for every group of species captured (see Table 8, filling in the following 

lines only those fields concerning to bycatch (see the examples sheet) 

If the object is modified or retrieved at sea, add a new line registering the activity 

‘Modifications over previous object’ or ‘Retrieval at sea’ 

Modifications over previous object 

This activity should be registered in a new line after a set or a verification if: (i) a buoy 

is added to a log, (ii) a buoy is changed and/or (iii) the structure of the object is 

modified, filling in only the fields modified (see the examples sheet) 

Retrieval at sea 
If an object is retrieved and not returned to sea. After a set, this activity will be 

registered in a new line (see the examples sheet) 

Loss 
If the signal of the buoy is lost. Register the last position detected (fields ‘Lat’ and ‘Lon’), 

‘Date’ and ‘Time’ 

Recovering at port 

Recovering of buoys at port. Fill in only those data concerning to the buoy (fields 

‘Model’ and ‘Numeric ID’ and those indicating the ‘Date’, ‘Time’ and position (‘Lat’ and 

‘Lon’) 

 

Some Spanish purse-seine vessels work in collaboration with other purse seiners and/or with supply 
vessels. In these cases it is important to clarify that every vessel is obliged to register its own activities, even 
when they are supporting other vessels (e.g., deployment of buoys for another vessel). 
 

 

Activity 

Set 

Field Format Description Example 

Activity  
Identify the activity performed on the object (or 

buoy) in the drop-down menu 

(see Table 1 and the examples sheet) 

Retrieval at 

sea 
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- Catch and Bycatch  In order to get information and improve the knowledge about impacts on 
targeted and non-targeted species, it has been considered to include both fields. Though catch data 
are received in logbooks, it takes a year to process them. This way, catch data of target species (loads 
and discards together) associated to object schools are available in a shorter period. 

 
Bycatch data are registered by observers on board purse seiner and the coverage of National Data Collection 
Program is only a 10% of the national fishing trips. So the FADs logbooks provide this data with a 100% of 
coverage, including supply vessels. 
 
The list of groups of bycatch species includes small tuna and tuna-like species. 
 
Logbook: 

 

School estimate 

 (tons) 

Catch (tons) 

Bycatch 

Group 
In number or 

weight (t) 
N/W 

Nº/Weight specimens 

released alive 
SKJ YFT BET 

30 10 2 1 Whale shark 1 N 1 

 

 

Instructions: 

 

 Field Format Description Example 

 School estimate 

 (tons) 
Round number 

Note down a unique number of tons the catch of SKJ, 

YFT and/or BET estimated if the set is not 

performed. 

Register a ‘0’ if any other kind of trick or fishes is 

detected (bony fishes, bait, garbage…) 

5 

Catch (tons) 

SKJ number 
Catches of SKJ (Katsuwonus pelamis) loaded plus the 

discards of this species, in tons 
10 

YFT number 
Catches of YFT (Thunnus albacares) loaded plus the 

discards of this species, in tons 
2 

BET number 
Catches of BET (Thunnus obesus) loaded plus the 

discards of this species, in tons 
1 

Bycatch 

Group  

Select from the drop-down menu the group of 

species caught. 

If more than one group is caught, note them down in 

the following lines (one by group)  

(see the examples sheet) 

 (see Table 9) 

Bony 

fishes 

In number or 

weight (t) 
number 

Number of specimens or weight (in tons) of the 

group of species (one number for every group). 

 It is not necessary to indicate numbers by species, 

only by group. 

If part of the catch is estimated in number and 

part in weight, register them in two consecutive 

lines 

0.5 

N/W  Select 'N' (number)  

or 'W' (weight) 
W 

Nº/Weight 

specimens 

released alive 

number 

Register, with number, the number or weight of the 

specimens of the group released alive. 

It is not necessary to indicate numbers by species, 

only by group 

0.1 
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Tables: 

 
Table 9. GROUP* Description/Comments 

Small tuna and tuna-like fish 

Select small tuna if specimens of  black skipjack (Euthynnus lineatus), kawakawa 

(E. affinis), frigate tunas (Auxis thazard), bullet tunas (Auxis rochei), bonito (Sarda spp.) 

or similar are caught, regardless of its destiny 

Sharks (hammerhead, shortfin mako, 

silky shark…) 

Select sharks if specimens of this group are caught, regardless of its destiny. 

NOTE: DO NOT select for whale sharks 

Billfishes 
Select billfishes if specimens known as spearfishes, sailfishes, marlins or swordfish are 

caught, regardless of its destiny 

Turtles Select turtles if any specimen of this group is caught, regardless of its destiny 

Rays and manta-rays Select this group if rays, mantas or manta-rays are caught, regardless of its destiny 

Marine mammals (whales, dolphins…) 
Select marine mammals if any specimen is rounded by the purse seine net, regardless 

of its destiny 

Whale shark 
Select whale shark if any specimen is rounded by the purse seine net, regardless of its 

destiny 

Other bony fishes (triggerfishes, 

rainbow runner, dolphinfishes…) 

Select bony fishes if any specimen not included in the previous lines is caught, 

regardless of its destiny  

*NOTE: All those specimens rounded by the purse seine net at the eyebolts raising time (purseline closure) must be 

included, regardless of its destiny 

 

 

4. Conclusions and recommendations 

 

The analysis of data collected thanks to the Spanish Fish Aggregating Device Management Plan has allowed 
to detect the improvements needed in the data collection system for its adaptation to the use on board. The 
current version presented in this document integrates all the data requirements from t-RFMOs in a user-
friendly format for the skippers, increasing the quality of the information obtained. 
 
On the other hand, there is of course much room for improvement. In our view, the current system is 
excessively time-consuming, and the development of a specific tool for data entry is required (e.g., forms 
that upload the latest known configuration of a FAD, once the ID is entered, with checkboxes instead of 
dropdown menus, etc.). 
 
Standardization of templates, tools and guidelines at the RFMO level and, if possible, among t-RFMOs, would 
be highly desirable, and would no doubt improve data usability. It must also be noted that there is little 
information that supports the collection of many of the current fields. Future analyses, feasible in the short-
term, are required to fine-tune the trade-offs between the efforts and benefits in the acquisition of FAD-
related information. 
 
Finally, it is important to note the need of involving all the stakeholders in the elaboration of successful FAD 
management plans. The current work is an example of the collaboration between scientists and fishing 
companies, which has proved essential to develop a method for data compilation that is efficient and, at the 
same time, takes into consideration practicalities on-board. 
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Table 1. Percentages of catches associated to floating objects by t-RFMO areas and year for Spanish tropical 
purse-seine fishery and means of percentages in five-year periods. For WPO it has been taken into account 
2002-2015 period to calculate averages. 
 
 

YEAR / AREA ATL IND EPO WPO  

1991 53% 51% 46%   

1992 49% 60% 21%   

1993 46% 51% 71%   

1994 46% 53% 80%   

1995 53% 70% 91%   

1996 59% 58% 93%   

1997 42% 76% 100%   

1998 29% 74% 99%   

1999 35% 79% 95% 99%  

2000 52% 77% 99% 100%  

2001 46% 66% 97%   

2002 46% 76% 96% 100%  

2003 43% 63% 98% 100%  

2004 43% 55% 97% 100%  

2005 63% 62% 94% 94%  

2006 58% 74% 100% 100%  

2007 62% 72% 95% 71%  

2008 64% 68% 98% 100%  

2009 55% 83% 100% 89%  

2010 66% 87% 100% 97%  

2011 77% 83% 100% 97%  

2012 76% 73% 69% 95%  

2013 83% 88% 100% 90%  

2014 84% 86% 81% 84%  

2015 73% 78% 90% 90% 
AVERAGE of means 

TOTAL MEAN 56% 71% 88% 93% 

MEAN (1991-1995) 49% 57% 62%  56% (except for WPO) 

MEAN (1996-2000) 44% 73% 97%  71% (except for WPO) 

MEAN (2001-2005) 48% 64% 96%  70% (except for WPO) 

MEAN (2006-2010) 61% 77% 99% 91% 82% 

MEAN (2011-2015) 79% 82% 88% 91% 85% 
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Figure 1. Main types of objects visited by the Spanish tuna purse-seine fleet. 
 
 
 

 
 
Figure 2. Percentages of tuna catches associated to objects by t-RFMO area for Spanish purse-seine fleet 
from 1991 to 2015. For WPO area data represented correspond to the 2002-2015 period. 
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Figure 3. Means of percentages of tuna catches associated to objects by t-RFMO from 1991 to 2015, grouped 
in five-year periods. For WPO area data represented correspond to the 2006-2015 period. 
 

   
 
Figure 4. IATTC Floating Objects Form for observers on board purse seiners in the IATTC area.
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Figure 5. Historical overview on FAD data requirements and report requests by Tuna RFMOs. Remark of Spanish response. 
 
 
 

Historical overview on FADs data requirements by Tuna RFMOs

YEAR 1999 2001 2004 2005 2006 2008 2010 2011 2012 2013 2014 2015 2016 2017

RFMO

CMM 2016-01: 

Preparation of 

FADs 

management 

Plans

CMM 2012-

01: New 

guidelines for 

preparation of 

FADs 

Management 

Plans

W
C

P
F

C CMM 2005-

01: 

Development 

of FADs 

Management 

Plans

CMM 2013-01: 

Preparaton of 

FADs 

Management 

Plans

CMM 2014-01: 

Preparation of 

FADs 

management 

Plans

CMM 2015-01: 

Preparation of 

FADs 

management 

Plans

CMM 2006-01: Development of 

FADs Management Plans and 

Research

CMM 2008-01: Identification and monitoring of FADs. Limitation 

on number of FADs deployed / number of FADs sets                  

Guidelines for preparation of FADs Management Plans

Third format for Spanish FAD Management 

Plan (MAGRAMA, IEO, AZTI, OPAGAC, 

ANABAC)

CMM-13/08: New Guidelines 

for DFAD Managements Plans 

and Principles for designing 

FADs

CMM-15/02, 

15/08 and 

15/09: 

Limitation on 

number of 

FADs

CMM-16/01: 

Limitation on 

number of 

buoys and 

supply vessels

Second format for Spanish FAD Management Plan 

(MAGRAMA, IEO, OPAGAC, ANABAC)              

IOTC-2013-S16

CMM-12/08: 

Guidelines 

for 

Management 

Plans

First format for Spanish FAD Management Plan 

(MAGRAMA, IEO, OPAGAC, ANABAC)

CMM-10/02: Number and types 

of FADs set by fleet                              

CMM-10/03: Registration of 

FAD sets and deployments in 

logbooks

CMM-08/01: Number and types 

of FADs set by fleet

C-16-01: FADs 

logbook, 

including 

type, activities 

and 

characteristics

CMM-01/05: Number, characteristics and activity level of supply vessels

R e c -16 -0 1: N e w 

Guide line s  a nd 

fo rm a ts  fo r 

F A D s  

Lo g bo o ks . N o n-

e nta ng ling  a nd 

bio de g ra da ble  

F A D s

R e c -15 -0 1: N e w 

Guide line s  a nd 

fo rm a ts  fo r 

F A D s  

Lo g bo o ks . N o n-

e nta ng ling  a nd 

bio de g ra da ble  

F A D s

IA
T

T
C

C-98-10 y C-99-07: Prohibition of support vessels and limiting the number of floating objects on 

board. Interest on FADs depth and other FADs characteristics (baited objects f.e .) 
C-04-05: Recovery of FADs when they are not being used. Non-entangling FADs

C-13-04: Inventory of FADs, 

types, design characteristics 

and relation of for 2015. Non-

entangling and biodegradable 

FADs

C-15-03: 

Identification 

of deployed or 

modified 

FADs for 2017

IO
T

C
IC

C
A

T Rec-11-01: Guidelines for FAD 

Management Plans. 

Registration of FADs 

deployment, retrievals and sets 

in current logbooks (with an 

identification code)

Rec-13-01: 

Formats for 

FADs Logbooks. 

Registration of 

lossses

Rec-14-01: New 

Guidelines and 

formats for 

FADs Logbooks. 

Non-entangling 

FADs
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Figure 6. Main Tuna RFMOs current requests on FAD characteristics and activity data. The ‘X’ symbol means that the data is being collected. The ‘-‘ symbol means 
that the particular FAD design characteristic is not defined in the guidelines provided.
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IATTC                              
RESOLUTION C-16-01

AMENDMENT OF 

RESOLUTION C-15-03 ON THE 

COLLECTION

AND ANALYSES OF DATA ON 

FISH-AGGREGATING DEVICES

 X  X X X Serial number

Natural, Own, 

External or 

Anchored

Dimension and material of 

the floating part and of the 

underwater hanging structure

Bamboo raft, 

bamboo in a 

sausage form, 

metallic, 

PVC/Plastic, 

no raft or 

other

Entangling net, 

non-entangling 

net, cloth, palm 

fronds, no 

wrapping, other

Corks, 

buoys, 

containers, 

no floats, 

other

Nylon, plam 

fronds, 

bamboo, no 

tail, other

Sausage, 

ropes, cloth, 

other

GPS, with 

echosounder, no 

echosounder, 

other...

Set, Deployment, Retrieving, 

Loss, Intervention on 

electronic equipment

Derived from 

the type of 

activity

Tuna catch (YFT, BET, 

SKJ, OTHER) and 

bycatch (sharks, billfishes, 

manta-rays, other) 

NUMBER or WEIGHT 

Positioning 

system, 

whether 

equipped with 

sonar, etc.



ICCAT                                            
16-01-TRO 

RECOMMENDATION BY 

ICCAT ON A MULTI-ANNUAL 

CONSERVATION AND 

MANAGEMENT PROGRAMME 

FOR TROPICAL TUNAS

   X X X
Mandatory 

readable buoy 

identification

Log (related or 

not with fishing 

activities, 

animals or 

plants), Artificial 

or Anchored

Material of the floating part 

and of the underwater 

hanging structure and the 

entangling or non-entangling 

feature of the underwater 

hanging structure

    
Simple buoy 

(GPS) or 

associated with 

echo-sounder

Set (targeted or 

oportunistic), Deployment, 

Retrieving,  Visit to an own 

or foreign object, 

Strengthening or 

consolidation 

Tagging, 

Removing or 

Loss

Tuna catch (SKJ, YFT, 

BET) and bycatch (group, 

number or weight, nº of 

specimens released alive)

 

IOTC                                          
GUIDELINES FOR THE 

REPORTING OF

FISHERIES STATISTICS TO 

THE IOTC - 2014                                         

AND                           

RESOLUTION 15/08

PROCEDURES ON A FISH 

AGGREGATING DEVICES 

(FADS) MANAGEMENT PLAN, 

INCLUDING A

LIMITATION ON THE 

NUMBER OF FADS, MORE 

DETAILED SPECIFICATIONS 

OF CATCH REPORTING

FROM FAD SETS, AND THE 

DEVELOPMENT OF 

IMPROVED FAD DESIGNS TO 

REDUCE THE

INCIDENCE OF 

ENTANGLEMENT OF NON-

TARGET SPECIES

     

Marking or 

beacon ID 

(unique and 

readable 

identificator)

Log, Raft with 

net, Raft without 

net, Anchored or 

Other (located or 

not with a 

tracking system)

Dimension and material of 

the floating part and of the 

underwater hanging structure

With or 

without a net. 

Detect 

entangling and 

not 

bidegradable 

materials

With or without a 

net. Detect 

entangling and not 

bidegradable 

materials



With or 

without a net. 

Detect 

entangling and 

not 

bidegradable 

materials

With or 

without a net. 

Detect 

entangling 

and not 

bidegradable 

materials


Set, deployment, retrieval, 

visiting, loss and intervention 

on FADs

Loss

Weight and/or number of 

retained catches and 

discard levels (nº/weight) 

of target and bycatch 

species

 

WCFC                                            
CMM-2016-01 PREPARATION 

OF FAD MANAGEMENT 

PLANS (NO LOGBOOK)

X   X X X
Marking and 

identifiers

Natural, Raft 

with or without a 

net, or Anchored

Dimension and material of 

raft and net. Description of 

design
     GPS, radio, visual

Deployment, verification, 

set, hauling (retrieval)   

Addings: 

natural, man-

made, both, 

other

Ballast: ring, 

eyebolt, steel 

rope, stones, 

concrete 

blocks, other, 

no addings

FAD design characteristics

Entangling or non-

entangling nets, no 

coverng, other

NEW SPANISH 

PROPOSAL
X X X X X X

Model and 

readable 

identification 

number

Drifting or 

anchored

Dimension, material and 

characteristics of the floating 

and underwater parts 

(entangling, biodegradable…)

Bamboo, 

metallic, 

PVC/Plastic, 

log (man-

made or 

natural), 

mixed, other 

Tuna catch (SKJ, YFT, 

BET) and bycatch (group, 

number or weight, nº of 

specimens released alive)                                   

Groups: Sharks, billfishes, 

rays and manta-rays. 

marine mammals, whale-

shark, bony fishes, small 

tuna

Derived from 

model 

registration 

(radio, GPS, 

echo-sound…)

X

Containers, 

corks or 

buoys, 

plastic balls, 

other, no 

floats

Net in a 

'sausage' 

form, open 

net, mixed 

net form 

(with 'sails'), 

ropes, other

Derived from 

model registration 

(radio, GPS, echo-

sound…)

Deployment, verification, 

set, object modifications, 

retrieval, recovering at port, 

loss

Deployment, 

removing, 

recovering or 

loss
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Figure 7. IATTC FAD logbook 
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Figure 8. ICCAT logbook model 
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Figure 9. ICCAT ST08 Form. 
 

 
Figure 9. IOTC 3FA Form 

Flag (current) 

cod.

Month FAD type Lat Lon No. Deployed 

with beacons

Type of 

beacon 

deployed

Average No. 

Active 

beacons  

fol lowed per 

vessel

Average No. 

Deactivated 

beacons  

fol lowed per 

vessel

No. Deployed 

without 

beacons

Average No. 

of active lost 

FADs

No. Of FADs  

deployed by 

support 

vessels

++++++++++++++++++++++++ ++++++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

FlagCodeCur Month FadType Lat Lon NoDepBeaconsYes BeaconType NoBeaconsFollowed NoDeactivBeacons NoDepBeaconsNo NoLostFADS SuppFads

FadTypeCode FadType

FAA Anchored FAD

FADN Dri fting Natura l  FAD

FADA Dri fting arti fica l  FAD

BeaconCode BeaconType

RDF Radio direction finder

RDFGPS Radio direction finder and GPS

GPS GPS

SON Sonar

SONES Sonar with echo-sounder

SATES Satel l i te and echo-sounder

SAT Satel l i te without echo-sounder

Table. Fad types

Table. Beacon types

NO. SET ON FAD EFFORT

SPECIES

SIZE QUADRANT LATITUDE LONGITUDE CATCH UNITS

Type of VisitMONTH

GRID

AREA ESTIMATION Type of FAD
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Annex 

 
Annex 1. New Spanish FADs logbook form  
(see Excel file in original language only, available on the ownCloud). 
 
 
Excel description: 
 
Sheet 1 - Registration 
 
Sheet 2 - Instructions 
 
Sheet 3 - Tables 
 
Sheet 4 - Examples 
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DRIFTING FADS CONTRIBUTION TO MARINE LITTER AND GHOST FISHING:  
A PERSPECTIVE FROM THE MALDIVES 

 
Government of the Maldives  

 
Introduction 
 
The Maldives is an archipelago in the Indian Ocean, located southwest of the southern tip of India. There 
are twenty-six atolls containing 1,192 islands, of which 190 are inhabited by locals and over 121 are 
currently tourist resorts. The mainstays of the Maldives economy are its fisheries and tourism. Both are 
intrinsically related to the coral reefs and the overall health of the marine ecosystem.  For this reason, net 
fishing is not allowed in the Maldives, yet drifting FADs (dFADs) regularly enter Maldivian waters. The 
dFADs wash up on our reefs and entangle vulnerable marine animals, like sea turtles and sharks that are 
critical to our tourism industry. 
 
Marine Litter and Entanglement 
 
In the Indian and Atlantic Oceans, an estimated 10% of dFAD deployments result in a beaching event 
(Maufroy et al. 2015).  As to ghost fishing, dFADs also entangle vulnerable marine fauna, including sea 
turtles and sharks.  In the Indian Ocean, it is estimated that entanglement mortality of silky sharks (480,000 
– 960,000 silky sharks per year) was 5–10 times that of the known bycatch of this imperilled species from 
the region’s purse-seine fleet (Filmhalter, 2013).  No such estimates are available for other vulnerable 
marine species in the Indian Ocean, but there are undoubtedly impacts.  
 
Turtle entanglements are also common and have been associated with dFAD netting. For example 
Olveridley Project1, an international NGO Registered in the UK, who are actively fighting ghost nests in the 
Indian Ocean reports number of incidences of Oliveridley turtle entanglements in dFAD nettings. 
 
Purse seine vessels act with impunity when it comes to the numbers of dFADs they deploy.  There is no 
accountability for the fate of those devices, and it is left to the coastal states, often those that have the least 
resources, to clean up the litter and suffer the consequences of damage to coastal habitats, coral reefs, and 
endangered marine megafauna. While there is much discussion about non-entangling FADs and 
biodegradable FADs, these are still not mainstream in the Indian Ocean. Regardless, both biodegradable and 
non-entangling FADs can still damage reefs by destroying corals and other fragile organisms.  
 
FAD tracking and warning systems – a possible solution 
 
Balderston and Martin (2015) have found that lost dFADs used by the purse seine fleet in the Indian Ocean 
can have major impacts when becoming beached on reefs and other sensitive habitats.  FAD WATCH is a 
collaborative programme between several organisations with the aim of preventing and mitigating dFAD 
beachings across islands in Seychelles where the Island Conservation Society (ICS) has a presence. A 
Memorandum of Understanding (MoU) was recently signed in July 2016 by the Spanish Purse Seining 
Fishing Fleet (OPAGAC/AGAC), Island Conservation Society (ICS), Islands Development Company (IDC) and 
Seychelles Fishing Authority.  Under this system an automated alert system will be setup at ICS that will 
report whenever a FAD arrives within 5 nautical miles of any atoll where ICS has a permanent presence, 
and provide GPS co-ordinates, trajectory and estimated projected time of beaching. This will allow ICS staff 
time to plan and intercept these FADs before beaching occurs, damages reefs and/or impacts on key marine 
fauna. 
 
The PNA2, are already implementing FAD tracking in their waters. This tracking information will allow the 
PNA States to better monitor FAD fishing in their waters and implement similar systems as in the Seychelles 
to protect sensitive habitats from the impacts of lost dFADs. Ideally this is a system that should be 
implemented throughout all RFMO areas.  
  

                                                            
1 http://oliveridleyproject.org/, accessed March 2017 
2 Parties to Nauru Agreement (PNA) controls the world's largest sustainable tuna purse seine fishery. PNA Members are Federated 
States of Micronesia, Kiribati, Marshall Islands, Nauru, Palau, Papua New Guinea, Solomon Islands and Tuvalu. 

http://oliveridleyproject.org/
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MONITORING THE NUMBER OF ACTIVE FADS USED BY THE SPANISH AND ASSOCIATED PURSE 
SEINE FLEET IN THE IOTC AND ICCAT CONVENTION AREAS 

 
J. Santiago 1, H. Murua2, J. López2 and I. Krug3 

 
 
The purse seine vessels of the Spanish ANABAC and OPAGAC fleet owners organizations agreed in late 2014 
to freeze the number of DFADs by 1st of January 2016. According to that agreement, each purse seine vessel 
could use simultaneously a maximum of 550 Drifting Fishing Aggregating Devices (dFDAs) at any time of 
the year. This limit to be evaluated through the number of active instrumented buoys, which implicitly 
established the prohibition of the use of DFADs without buoys. This voluntary agreement also established 
that the verification of the volume of the daily active beacons used by each purse seiner would be carried 
out by the independent scientific body AZTI and sanctions were also included in the agreement.  
 
Furthermore, in 2015 IOTC adopted the Resolution 15-08 Procedures on a Fish Aggregating Devices (FADs) 
Management Plan that sets the maximum number of instrumented buoys active and followed by any purse 
seine vessels at 550 at any one time (and 1100 acquired purchased annually). In 2016, Resolution 16-01 on 
interim plan for rebuilding the Indian Ocean Yellowfin tuna stock in the IOTC area of competence decreased 
the limit to no more than 425 daily active instrumented buoys per purse seine vessel (and 850 purchased 
annually). 
 
Likewise, in November 2015 ICCAT adopted the Recommendation by ICCAT on a Multi-annual Conservation 
and Management Programme for Tropical Tunas [Rec. 15-01], establishing a provisional limit of no more 
than 500 instrumental buoys active at any one time for each fishing vessel. 
 
Since September 2015 AZTI is carrying out the verification of the compliance with the different FAD limit 
measures adopted; initially as a voluntary agreement and later as agreed IOTC Resolutions 15/08 and 
16/01 and ICCAT Recommendation 15-01. The procedure and mechanisms developed to verify the 
compliance are briefly outlined in the present document. 
 
Method used for the verification 
 
The basic information utilized to monitor the number of active buoys and, hence, verify the compliance with 
the limits, is provided by the instrumented buoys manufacturers. Currently, three are the companies that 
supply instrumented buoys to the Spanish and associated fleet (i.e. vessels belonging to the Spanish fishing 
companies but operating under other flags). By means of a sworn statement issued by these three 
companies, manufacturers provide daily information on the position and speed of each individual active 
buoy. Buoys are given unique identifier codes provided by the manufacturer that are associated to a single 
purse seine vessel, irrespectively of whether they are deployed by the purse seine vessel itself or by a supply 
vessel.  
 
AZTI receives the buoy data directly from the manufacturers in a monthly basis with a two-month delay. 
This means that the first day of the information received in month m is the information of month m-2. Data 
is received in csv files, independently for each vessel, and contains daily records of all the active buoys 
managed by each individual vessel in month m-2. The information gathered in the csv files is: date [dd-mm-
yy], time [hh.mm], individual unique buoy identified code [the format varies with the manufacturer, 
although it is always alphanumeric], latitude and longitude [expressed in degrees and minutes in decimal 
values] and speed [knots]. 
 
 
 
 

                                                            
1 AZTI. Txatxarramendi ugartea z/g - 48395 Sukarrieta, Basque Country, Spain. jsantiago@azti.es 
2 AZTI. Herrera Kaia Portualdea z/g, 20100 Pasaia, Basque Country, Spain 
3 AZTI. Fishing Port, Victoria, Mahe, Seychelles 
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The agreement considers the following definitions for instrumented buoys, depending on their situation 
and condition:  

- Operational active buoy: a beacon that, after leaving the factory and passing through transit, has 
been registered and has the ability to transmit. 

- Active buoy at sea: operational beacon transmitting position reports deployed at sea. 
- Deactivation: action of de-registering an active buoy at sea by the buoy supplier company after the 

request by the ship owner due to loss, theft or any other possible cause. 
- Reactivation: action of re-registering a beacon previously deactivated by the buoy supplier 

company after the request by the vessel owner (note that a buoy that has been deactivated at sea 
needs to pass at least one time by the fishing port before it is reactivated). 

 
In order to identify records that do not correspond to active beacons at sea different filters are applied to 
the data: 

- Records outside the Convention Areas [Atlantic Ocean: -100 > longitude > 20; Indian Ocean: 20 > 
longitude > 120] 

- Records on land: two conditions are required, 1) the position of the record overlays a land mask 
(shapefile http://www.naturalearthdata.com/downloads/10m-physical-vectors/10m-land/) and 
2) speed = 0 knots.  

- Records of operational active buoys that are onboard the vessel before deployment: speed > 4 
knots. 

- Records of deactivated buoys: The buoys manufacturers fill with NAs those that have been 
deactivated during the month of reference. Therefore, those records with NA values are excluded. 

 
AZTI has put in place additional control mechanisms, if necessary, that include: random examination 
onboard purse seiners and supply vessels at port to check buoys that have previously been deactivated and 
retrieved on deck (and are, thus, able to be reactivated and used again), crosschecking the first activation 
of the buoy with VMS vessel position, comparisons with the information recorded in the FAD logbook and 
with the information collected by the observers onboard, among others. 
 
Preliminary results 
 
Some examples of the results of the verification are shown in Figures 1 and 2. Figure 1 shows the daily 
evolution of the number of active buoys at sea of one vessel of the Spanish and associated fleet between 
September 2016 and January 2017 in the Indian Ocean. This trend illustrates the effect of the transition 
from Res. 15-08 to Res. 16-01 in the IOTC convention area. Figure 2 shows the average daily density of 
FADs used by one of the vessels in the Indian Ocean in January 2017, by 1x1º statistical square. According 
to ICCAT Recommendation 16-01 CPCs shall ensure that this type of information is submitted for the bulk 
of the fleet every year to ICCAT. 
  

http://www.naturalearthdata.com/downloads/10m-physical-vectors/10m-land/
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Figure 1. Example of the evolution of the number of active buoys used by one vessel of the Spanish and 
associated fleet between September 2016 and January 2017 in the Indian Ocean. Limits adopted in 
Resolutions 15-08 and 16-01 are also shown.  
 

 

Figure 2. Average daily density of FADs used by one vessel of the Spanish and associated fleet in the Indian 
Ocean in January 2017, by 1x1º statistical square. 
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BUOY DERIVED ABUNDANCE INDICES OF TROPICAL TUNAS IN THE INDIAN OCEAN 
 

J. Santiago 1, H. Murua2, J. López2 and I. Quincoces1 
 
 
One of the most important technological developments that have been recently introduced by the purse 
seine fleet fishing with FADs are the satellite linked echo-sounder buoys. Their generalized use is causing 
rapid changes in the fishing strategy and fleet behavior (Lopez et al., 2015), as they continuously provide 
fishers with near real-time information about the accurate geolocation of the FADs and the presence and 
abundance of tuna aggregations underneath. Consequently, search time (i.e., the time devoted to the 
searching of tuna concentrations), the metric traditionally used to reflect nominal effort, is no longer useful. 
Those changes in fishing strategies and technology make it difficult to evaluate the effective effort of the 
purse seine fisheries and have therefore hindered the reliable estimation of standardized purse seine CPUE 
indices (Gaertner et al., 2016). However, echo-sounder buoys have also the potential of being a privileged 
observation platform to estimate abundances of tunas and accompanying species using fishery-
independent data (Dagorn et al., 2006; Moreno et al., 2015, Lopez et al., 2013). In a recent work Santiago et 
al. (2016) discussed methodologies to use the acoustic records of the echo-sounder buoys of the FADs as a 
potential source of fishery independent indices of abundance of tropical tunas. Following their approach, 
this document presents some preliminary results of an overall index of abundance of tropical tunas in the 
Indian Ocean from 2013 to 2015. This potential source of information may be used by scientist in future 
stock assessments. 
 
Methods 
 
The database used in this preliminary analysis has been provided by the purse seine vessel company 
Echebastar. It comprises information from January 2013 to July 2015 and corresponds to records collected 
by one of the echo-sounder buoy brands Echebastar’s fleet uses. The total number of records reached 
around 3.4 million including 720,111 acoustic valid records used in the analysis (Table 1). 
  
During the data cleaning process, records without acoustic information (records with only position, speed 
and velocity), outliers (invalid, impossible or extreme values of acoustic information), erroneous positions, 
time, or other awkward general variables were removed. Apart from the regular exclusions due to data 
inconsistencies, the following criteria were also considered to select data for further analysis: 
 
- Vertical range of the buoy: acoustic information from the shallower layers, <25m were excluded. 

According to Lopez (2016), Robert et al. (2013), the potential vertical boundary between non-tuna 
species and tunas can be considered at about 25 m. Excluding the information of the first layers (i.e. up 
to 25m) from the analysis the noise potentially corresponding to the non-tuna species biomass 
associated to the DFAD was unconsidered. 

- Bottom depth: Using high resolution bathymetry data (British Oceanographic Data Centre, UK, 
www.gebco.net), acoustic records from buoys located in areas shallower than 200 m were excluded, 
as FADs that have drifted to shallow coastal areas may provide false positives. 

- Speed of the buoy: Satellite linked buoys automatically records information on their trajectory values 
(speed and bearing). As buoys are usually turned on minutes or hours prior to their deployments and 
are turned off after an uncertain period when retrieved from the sea, some of their acoustic 
measurements could be compromised and correspond to false positives as well. In our dataset, values 
bigger than 6 knots were excluded. 

The model used assumes that the signal from the echo-sounder is proportional to the abundance of fish: 
𝐵𝐴𝐼𝑡 = 𝜑 . 𝐵𝑡, where BAIt is the Buoy-derived Abundance Index ,  φ is the coefficient of proportionality and 
Bt is the abundance in time t.  
 

                                                            
1 AZTI. Txatxarramendi ugartea z/g - 48395 Sukarrieta, Basque Country, Spain. jsantiago@azti.es 
2 AZTI. Herrera Kaia Portualdea z/g, 20100 Pasaia, Basque Country, Spain. 
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To ensure that  𝜑 can be assumed to be constant (i.e. to control the effects other than those caused by 
changes in the abundance of the population), the nominal measurements of the echo-sounders were 
standardized using a Generalized Linear Mixed Modelling approach. Because of the significant proportion 
of records with zero abundance (54.5%) a Delta method was used. The Delta model estimates the predicted 
abundances as the result of two processes: i) the probability of encounter tropical tuna in the acoustic 
observations (proportion of positives) and, ii) the mean relative abundance given that a positive 
observation has been realized.  Then the estimated Buoy-derived Abundance Indices (BAI) are the product 
of these two processes.   
 
The following factors were considered in the analyses: year-quarter[2013Q1 to 2015Q2], area [“north” 
(LAT >= 10), “east”(LAT < 10 & LAT >-15 & LON<=65), “west” (LAT < 10 & LAT >-15 & LON>65), “Channel” 
(LAT < -15  & LON<50) and “South” (LAT < -15  & LON>50)], time of the day [UTC, <=06:00 and >06:00], 
days since deployment3 [<=30, 30<days<=90, >90], buoy speed [<=1, 1<vel<=2, >2] and SST4 [<=28, 
28<SST<=29, 29<SST<=30, >30]. Some of these factors should be corrected in further analysis: UTC to time 
zone correction, days since deployment/visit to the FAD and try to incorporate new layers of information, 
i.e. catch and catch composition. 
 
Interactions among factors were also evaluated. If an interaction was statically significant, and included the 
year-quarter factor in particular, it was then considered as a random interaction(s) within the final model 
 
Preliminary results 
 
The results of the model deviance are shown in Table 2. The most significant explanatory factors for the 
binomial model on the proportion of positives included area, time of the day, days since deployment, speed 
and the interactions year-quarter*area and year-quarter*vel. The most significant explanatory factors for 
the lognormal model on the positive records were year-quarter, area, days since deployment, speed and the 
interaction year-quarter*SST. Interactions were considered as random. 
 
The estimates of the final Delta model are provided in Figure 1. The Buoy-derived Abundance Index (BAI) 
shows no clear trend. The CVs remain relatively stable (between 13-49%) during the whole time series. 
 
With this document, we present some very preliminary results to remotely estimate a BAI for Indian Ocean 
tropical tunas. We will continue developing this index including data from more years and the information 
coming from other brands not already integrated in the current analysis, as well as refining the analysis and 
including other potentially significant variables. We greatly appreciate the collaboration of the Echebastar 
fleet who kindly provided the data recorded by their own buoys and we hope that other companies will join 
the project soon. Acoustic data from the echo-sounder buoys of the FADs can provide significant 
information to further complement current stock assessments of tropical tuna fisheries, assisting scientist 
and improving the knowledge between the biomass-CPUE relationship while providing indices less 
dependent on catch data or less affected by changes in the fishing technology or the fishing effort.   
 
 
  

                                                            
3 “Deployment” does not correspond to a real deployment; it refers to the first appearance of the buoy in the data set. 
4 Weekly 1ºx1º NOAA_OI_SST_V2 data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their web site at 
http://www.esrl.noaa.gov/psd/ 
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Table 1. Number of vessels operated by the Echebastar fleet, total number of records and acoustic records 
used in the analysis  
 

 2013 2014 2015 TOTAL 

VESSELS 6 6 6 6 

NUMBER OF RECORDS 980,332 1,555,738 818,491  3,354,561    

ACOUSTIC RECORDS 186,716 338,803 194,592  720,111    

 
 
Table 2. Deviance tables for the binomial (top) and the lognormal (bottom) components of the Delta-
lognormal model. Significant (p<0.05) factors and interactions of total deviance are highlighted. 

a) Model: binomial, link: logit [Response: posit]      
 Df Deviance Resid. Df Resid. Dev  Pr(>Chi)   
NULL   635066 877751     
YEAR_QUARTER 9 678.8 635057 877072  < 2.2e-16 *** 2% 
AREA 4 2044.3 635053 875028   < 2.2e-16 *** 5% 
HOUR 1 6501.7 635052 868526   < 2.2e-16 *** 15% 
DAYS 2 5176.2 635050 863350   < 2.2e-16 *** 12% 
VEL 2 18072.7 635048 845277   < 2.2e-16 *** 42% 
YEAR_QUARTER:AREA 36 2765.2 635012 842512   < 2.2e-16 *** 6% 
YEAR_QUARTER:HOUR 9 367.7 635003 842144   < 2.2e-16 *** 1% 
YEAR_QUARTER:DAYS 18 1277.8 634985 840866   < 2.2e-16 *** 3% 
YEAR_QUARTER:VEL 18 2788.1 634967 838078   < 2.2e-16 *** 6% 
AREA:HOUR 4 399.2 634963 837679  < 2.2e-16 *** 1% 
AREA:DAYS 8 134.9 634955 837544  < 2.2e-16 *** 0% 
AREA:VEL 8 1359.6 634947 836184   < 2.2e-16 *** 3% 
HOUR:DAYS 2 435.3 634945 835749  < 2.2e-16 *** 1% 
HOUR:VEL 2 49.7 634943 835699  1.615E-11 *** 0% 
DAYS:VEL 4 1254.2 634939 834445  < 2.2e-16 *** 3% 

 
 

b) Model: gaussian, link: identity [Response: log(ECHO)]     
 Df Deviance Resid. Df Resid. Dev F Pr(>F)   
NULL   297070 710708     
YEAR_QUARTER 9 12509 297061 698199 841.497 < 2.2e-16 *** 6% 
AREA 4 10159 297057 688040 1537.699 < 2.2e-16 *** 5% 
HOUR 1 502 297056 687538 304.086 < 2.2e-16 *** 0% 
DAYS 2 44868 297054 642670 13582.867 < 2.2e-16 *** 20% 
VEL 2 109874 297052 532795 33262.05 < 2.2e-16 *** 50% 
SST 3 1717 297049 531079 346.44 < 2.2e-16 *** 1% 
YEAR_QUARTER:AREA 36 6282 297013 524797 105.65 < 2.2e-16 *** 3% 
YEAR_QUARTER:HOUR 9 1872 297004 522925 125.924 < 2.2e-16 *** 1% 
YEAR_QUARTER:DAYS 18 1988 296986 520937 66.877 < 2.2e-16 *** 1% 
YEAR_QUARTER:VEL 18 6047 296968 514890 203.401 < 2.2e-16 *** 3% 
YEAR_QUARTER:SST 27 18959 296941 495930 425.153 < 2.2e-16 *** 9% 
AREA:HOUR 4 526 296937 495405 79.558 < 2.2e-16 *** 0% 
AREA:DAYS 7 269 296930 495136 23.245 < 2.2e-16 *** 0% 
AREA:VEL 8 1484 296922 493652 112.297 < 2.2e-16 *** 1% 
AREA:SST 5 198 296917 493455 23.92 < 2.2e-16 *** 0% 
HOUR:DAYS 2 443 296915 493011 134.207 < 2.2e-16 *** 0% 
HOUR:VEL 2 547 296913 492465 165.48 < 2.2e-16 *** 0% 
HOUR:SST 3 98 296910 492367 19.807 7.839E-13 *** 0% 
DAYS:VEL 4 727 296906 491639 110.096 < 2.2e-16 *** 0% 
DAYS:SST 6 423 296900 491216 42.723 < 2.2e-16 *** 0% 
VEL:SST 6 853 296894 490363 86.038 < 2.2e-16 *** 0% 
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Figure 1. Time series of the quarterly values of the Tropical Tuna Buoy-derived Abundance Index (BAI) 
for the period 2013Q1-2015Q2. The upper and lower confidence intervals are also shown. 
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IMPLEMENTING MANAGEMENT PLANS AND VOLUNTARY INITIATIVES  
REGARDING FADS: THE OPAGAC EXPERIENCE 

 
Miguel Herrera and Julio Morón1  

 
 
This document presents the range of actions undertaken by the fishing companies represented by the 
Producers’ Association (PO) OPAGAC to evaluate and reduce, where required, the impact of the OPAGAC 
fishery on target and by-catch species, and the ecosystem. 
 
OPAGAC represents the interests of eight fishing companies owning 40 industrial tuna purse seiners, which 
operate in tropical and subtropical seas, worldwide. Purse seines are used to target tropical tunas, in 
particular skipjack tuna (SKJ, Katsuwonus pelamis) and yellowfin tuna (YFT, Thunnus albacares). Other 
species caught using this gear are bigeye tuna (BET, Thunnus obesus), albacore (ALB, Thunnus alalunga), 
frigate and bullet tunas (Auxis spp.), kawakawa (Euthynnus spp.) and, to a lesser extent, other species of 
Scombroidei, billfish, sharks, rays, and marine fish. Some species of marine turtles can also be incidentally 
caught using purse seines, although catches are very low.  
 
Catches of the fleet in recent years have been around 300,000 metric tons of tropical tuna species, 
worldwide (Figure 1). This represents 6% of the total catches of tropical tunas, across all fishing fleets, gear 
types, and oceans. The contribution of catches to the total catches of tropical tunas varies depending on the 
ocean, ranging from around 20% of the total catches in the Atlantic Ocean to 3% in the Western Central 
Pacific Ocean (Figure 2). Industrial purse seiners can catch schools of tuna free-swimming; aggregated 
beneath objects, stationary or drifting, purposely built (FAD) or not (floating objects of various types); 
swimming in the proximity of sea-mounts; or swimming along with various species of sharks and mammals, 
in particular whale-sharks, dolphins, and whales. While tropical tunas make the majority of the catches of 
tuna purse seiners, representing over 98% of the total catches, the remaining 1.4% is made by other species, 
especially other bony fish, sharks, rays, and other bycatch2.  
 
In recent years, the OPAGAC fleet has implemented a range of voluntary actions to improve monitoring of 
the fishery, be able to better evaluate its impact, and mitigate those impacts in a timely fashion, whenever 
they prove to be significant. Following implementation, OPAGAC advocated for RFMO to adopt new 
measures or amend existing measures leading RFMOs to incorporate some of the activities OPAGAC had 
implemented, and efforts for other measures to be adopted by the RFMO in the near future 
 
In 2016, WWF agreed to support OPAGAC in the implementation of a Fishery Improvement Project (FIP), 
effective since September 2016. The OPAGAC-WWF FIP is now in transition and will last up to five years 
through which OPAGAC will consolidate the actions it has already implemented on its vessels, as well as 
initiating additional required actions, as identified in the FIP Action Plan. The main objective of the OPAGAC 
FIP is to prepare the ground for OPAGAC to be in a position to certify its fishery with the Marine Stewardship 
Council (MSC), as per MSC’s minima standards and criteria.   
 
OPAGAC’s aim is the certification of its purse seine fishery using a single Unit of Assessment (UoA) per stock 
- i.e. regardless of the fishing mode used (unlike MSC which uses two UoA per stock, associated and 
unassociated) -, and its FIP has been designed to achieve this purpose. This is in line with the type of 
management that is promoted under the framework of the RFMO which, in adopting management 
measures, need to consider the impacts of all fisheries and fishing modes on each stock rather than limiting 
to specific fisheries or fishing modes. 
 
A non-exhaustive list of the actions implemented by the OPAGAC fleet is presented below. This information 
includes also details concerning the timing of implementation, fleets involved (exclusively OPAGAC or also 
other fleets), and whether implementation came in response to regulations adopted at the flag state, coastal 
state, or regional organization, or by OPAGAC itself, including the actions in OPAGAC’s FIP action plan.  
 

                                                            
1 Organización de Productores Asociados de Grandes Atuneros Congeladores (OPAGAC), Madrid, Spain 
2 Justel-Rubio, A. and V. Restrepo. 2017. Computing a global bycatch Rate of non-target species in tropical tuna purse seine fisheries. 
ISSF Technical Report 2017-01. International Seafood Sustainability Foundation, Washington, D.C., USA. 
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1. Actions intended to improve management of tropical tunas by the Regional Fisheries Management 
 Organizations (RFMO) concerned: The OPAGAC vessels operate in the areas of competence of four 
 RFMO, including: the International Commission for the Conservation of Atlantic Tunas (ICCAT); Indian 
 Ocean Tuna Commission (IOTC); Inter-American Tropical Tuna Commission (IATTC), and; Western and 
 Central Pacific Fisheries Commission (WCPFC). Actions are four-fold: 
 

i) Actions devoted to strengthen the management of stocks of tropical tunas in the four RFMO, in 
 particular participation, promotion and assistance to the implementation of Harvest Control Rules 
 (HCR) by the RFMO (OPAGAC FIP Principle 1 Actions). The status of implementation of HCR varies 
 depending on the stock and RFMO concerned, and therefore, the actions implemented by OPAGAC 
 are tailored to each specific case. Actions include assistance to the design of HCR Agendas and 
 adoption of those Agenda by the RFMO concerned; and support to the process of implementation 
 of those Agendas, where required.  
 
ii)  Actions devoted to ensure compliance of the OPAGAC fleet with the management measures adopted 
 by the RFMO, and promote the same type of actions by other fleets (OPAGAC FIP Principle 3 
 Actions). This includes compliance with: fishing capacity limits, catch limits; effort limits; FAD 
 limits; fishery closures; full or partial time-area closures (e.g. FAD closures); prohibition to 
 surround whale sharks or cetaceans during purse seine sets; bans on discards of target species; 
 bans on retention of sensitive bycatch (e.g. some species of sharks, marine turtles, etc.); 
 implementation of FAD Management Plans, including data requirements on FADs (FAD logbooks); 
 and other data requirements.  
  
iii)  Actions implemented under the framework of the Tuna Transparency Initiative, intended to 
 promote the adoption of regional programmes under the framework of the RFMO, with the aim of 
 transferring the management of the existing observer, inspection, and VMS schemes to the RFMO 
 concerned, where applicable (i.e. where those programmes are managed by the flag states rather 
 than the RFMO). OPAGAC also advocates for RFMO to prohibit all transshipments at-sea, because 
 they are considered to be a source of IUU.     
 
iv)  Actions intended to strengthen the capacity of coastal states in MCS, through the implementation 
 of pilot activities to evaluate the use of electronic monitoring systems in Seychelles and the Cook 
 Islands. These activities are intended to strengthen the institutional capacity in these countries to 
 monitor the activities of foreign licensed fishing vessels.  
 

2.  Actions intended to reduce the impact of the OPAGAC fleet on the marine ecosystem (OPAGAC FIP 
 Principle 2 actions). This includes actions to: 
 

 i)  Reducing as much as possible the fishing mortality of species making the bycatch of purse seine 
 fisheries, in particular species of sharks, marine turtles and other sensitive marine fauna, as 
 identified by the RFMO. In particular adoption of non-entangling-FAD designs and guidelines for 
 the safe release of bycatch species, from the net, upper, and lower decks of purse seiners. This is 
 achieved through the implementation of a Code of Good Practices, which encompasses all Spanish 
 tuna purse seiners. The Code was designed by the two Spanish POs and has been implemented 
 since 2011. It is implemented onboard purse seiners by the vessel crew. Compliance with the Code 
 is monitored by observers and verified by an independent research institute, AZTI-Technalia, using 
 the information recorded by the observers. AZTI does also take care of ensuring high levels of 
 quality in the implementation of the Code, including training of observers and review of the Code, 
 where necessary. The OPAGAC fleet is using a combination of human and electronic observers to 
 monitor the activities of its purse seine and support vessels. There has been a gradual 
 implementation of the observer coverage on board OPAGAC tuna purse seiners and in 2014, the 
 Spanish POs voluntary agreed to have 100% observer coverage on board purse seiners and support 
 vessels. Thus, since January 2015 levels of coverage have been 100% in all oceans, well above those 
 recommended by some RFMOs (i.e. IOTC and ICCAT). In addition, OPAGAC is involved in a number 
 of research activities intended to assess levels of mortality following release of bycatch specimens 
 caught in purse seine sets, evaluate levels of interaction between the OPAGAC fishery and some 
 populations of whales recorded as threatened by the IUCN, and other research activities. 
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ii)  Reducing as much as possible the impact of the fishery on the marine ecosystem. The only known 

 adverse effects of the purse seine fishery are related to the use of FADs, which may lead to FAD loss 
 and beaching events. OPAGAC has implemented several actions to evaluate and mitigate, where 
 required, these impacts. 

 
iii)  Since 2016 OPAGAC has been supporting a local NGO in the Seychelles, the Island Conservation 

 Society  (ICS), and the Seychelles Fishing Authority (SFA), in a pilot to prevent and eliminate the 
 impacts of FADs in sensitive marine areas in the Seychelles (referred to as FAD-Watch 
 Project). This is especially intended to eliminate FAD beaching events, through prompt 
 retrieval and reutilization of FADs likely  to beach in the Seychelles sensitive marine areas 
 defined. The main objective of this pilot is to create a FAD-Watch blueprint which, if  successful, 
 could be implemented in other sensitive marine areas. 

 
iv)  Since 2015 OPAGAC has been involved in research intended to design and try biodegradable FAD 

 and will support and participate in a large-scale pilot to test biodegradable FAD in the Indian 
 Ocean,  involving purse seiners and support vessels flagged in EU countries and the Seychelles, 
 research institutions in the EU (AZTI, IRD and IEO) and Seychelles, and the International 
 Seafood Sustainability Foundation. Implementation of the large-scale pilot is expected in 2017 
 or beginning of 2018. 

 
v)  OPAGAC is also supporting research with satellite buoys, in order to assess the range of frequencies 

 that would allow discrimination of the biomass beneath the FADs by species. 
 
The activities under OPAGAC’s FIP and Code of Good Conduct are under constant review with activities 
modified and new activities added as RFMOs adopt new measures or the results from pilot programmes 
and research activities become available. OPAGAC is providing scientists with the results obtained from the 
implementation of the activities covered in this document, and any new activities or initiatives resulting on 
the FIP implementation will be reported to the scientific committees of the RFMOs concerned. 
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Figure 1. Total accumulated catches (metric tons) of tropical tunas recorded for OPAGAC purse seiners over 
the period 2001-2015. Source: OPAGAC Database (accessed December 2016). 
 
 SKFR: Catches of skipjack tuna taken on free-swimming schools 
 YFFR: Catches of yellowfin tuna taken on free-swimming schools 
 SKAS: Catches of skipjack tuna taken on associated schools 
 OTAS: Catches of yellowfin and bigeye tuna taken on associated schools 

 OTH: Catches of tropical tunas not elsewhere included 
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Figure 2. Contribution of the catches of tropical tunas recorded for the OPAGAC fleet (blue) other purse 
seiners (orange) and other fleets (grey), by RFMO area of competence (2013-15). Source: OPAGAC Database 
(accessed December 2016). 
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EVOLUTION	OF	THE	PERCEPTION	OF	THE	FAD	ISSUE	BY	THE	FRENCH	AND	
ITALIAN	PURSE	SEINE	FLEET	SINCE	2010	AND	PERSPECTIVES	FOR	FUTURE	MANAGEMENT	

	
Goujon	M.1,	Maufroy	A.1,	Le	Couls	S.2,	Claude	A.	3	

	
	
Abstract	
	
FAD	fishing	has	always	been	part	of	the	activity	of	tropical	tuna	purse‐seiners	but	the	recent	proliferation	
of	DFADs	and	accelerated	use	of	DFADs	(and	support	vessels)	are	considered	by	French	and	Italian	boat‐
owners	as	not	only	threatening	the	sustainability	of	the	exploitation	but	also	their	economic	model	(based	
on	a	balanced	 targeting	of	 free	swimming	and	associated	schools).	This	perception	 leaded	 them	to	 take	
FAD	 management	 measures	 as	 soon	 as	 2012	 and	 to	 cooperate	 with	 scientists	 in	 order	 to	 improve	
knowledge	and	management	of	FAD	fishing.	Good	practices	related	to	FAD	fishing	have	been	initiated	by	
the	French	 fleet	 in	 the	beginning	of	 the	2010’s.	The	 first	actions	were	 the	 replacement	of	all	DFADs	by	
non‐entangling	DFADs	 and	 the	 identification	 and	 adoption	of	 best	 practices	 to	 reduce	 sharks,	 rays	 and	
turtles’	incidental	mortality	without	altering	crew	safety	conditions.	Then	the	decision	was	made	to	build	
DFADs	 in	workshops	at	port	with	confection	rules	allowing	DFADs	to	remain	non‐entangling	as	 long	as	
possible	 and	 to	 experiment	 biodegradable	 DFADs.	 After	 adopting	 an	 auto‐limitation	 on	 DFAD	 use,	
Orthongel	and	 its	member	boat‐owners	have	promoted	 the	adoption	of	 such	 limits	by	 tuna	RFMOs	and	
consider	 that	 it	 is	 now	 important	 to	 improve	 data	 collection	 as	well	 as	 the	 control	 and	 compliance	 of	
measures	adopted	by	the	RFMOs.	Propositions	based	on	the	experience	of	Orthongel	are	made	to	achieve	
these	goals.		
	
	
	 	

                                                            
1. ORTHONGEL,	5	rue	des	Sardiniers,	29900	Concarneau,	mgoujon@orthongel.fr	(corresponding	author).	
2. Compagnie	Française	du	Thon	Océanique,	9,	rue	Professeur	Legendre	‐	BP	639	‐	29186	Concarneau	Cedex.	
3. Saupiquet,	7	rue	des	Chalutiers,	29000	Concarneau. 
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Appendix		
	

EVOLUTION	OF	THE	PERCEPTION	OF	THE	FAD	ISSUE	BY	THE	FRENCH	AND	
ITALIAN	PURSE	SEINE	FLEET	SINCE	2010	AND	PERSPECTIVES	FOR	FUTURE	MANAGEMENT	

	

Goujon	M.,	Maufroy	A.,	Le	Couls	S,	Claude	A.		
	
	
Introduction	
	
This	document	presents	 the	point	 of	 view	of	 the	French	 (22	vessels)	 and	 Italian	 (1	 vessel)	purse‐seine	
fleet	 owned	 by	 4	 boat‐owners	 (Compagnie	 Française	 du	 Thon	 Océanique,	 SAPMER	 S.A.,	 Saupiquet	 et	
Industria	Armatoriale	Tonniera)	gathered	in	the	producer	organization	(PO)	ORTHONGEL.	The	economic	
model	 of	 both	 these	 fleets	 is	 based	 on	 a	 balanced	 targeting	 of	 free	 swimming	 and	 associated	 schools.	
Measures	 exist	within	 each	 boat‐owner’s	 fleet	 and	 at	 the	 level	 of	 the	 PO,	 to	 limit	 the	 catch	 of	 juvenile	
tunas.	These	measures	include,	at	the	level	of	the	boat‐owner,	the	payment	of	crewmen	on	the	basis	of	the	
sale	of	the	catch	rather	than	on	the	basis	of	the	volume	of	catch	(incentive),	the	non‐remuneration	of	fish	
smaller	 than	 1.5	 kg	 (disincentive),	 a	 limitation	 of	 the	 amount	 of	 catch	 on	 board	 intended	 to	 the	 local	
markets	 (too‐small	 tunas	 refused	 by	 the	 canneries	 and	 bycatches,	 disincentive),	 and,	 at	 the	 level	 of	
Orthongel,	a	 limitation	 in	number	of	beacons	attached	to	 floating	object	used	by	each	vessel	since	2012	
(superseded	in	2015	by	the	limitations	implemented	by	IOTC	and	ICCAT,	disincentive).	
	
Reasons	for	the	adoption	of	these	measures	are	first	summarized	and	the	measure	taken	by	Orthongel	are	
described.	The	authors	then	analyse	how	the	context	has	evolved	since	and	what	are	the	consequences	for	
the	French	and	 Italian	 fleets.	They	 conclude	on	 the	 lessons	 that	 can	be	 learned	 for	 future	 tropical	 tuna	
management.	
	
Rationales	of	the	FAD	management	plan	
	
For	more	 than	 20	 years,	 scientists	 and	managers	 of	 ICCAT	 and	 IOTC	 have	 stressed	 the	 need	 to	 collect	
accurate	data	on	the	 fish	aggregating	devices	(FADs)	used	by	tropical	 tuna	seiners	and	to	monitor	their	
use,	i.e.	when	ICCAT	recognized	the	urgent	need	to	improve	“	scientific	knowledge	relative	to	bigeye	tuna	
and	 to	 the	 effects	 of	 the	 fishing	 techniques	 with	 fish	 aggregating	 devices	 (FADs)	 on	 the	 multi‐species	
fisheries	of	tropical	tunas	»	considering	that	large	increase	in	juvenile	catches	could	present	a	danger	to	
the	stock	of	Atlantic	bigeye	tuna	(ICCAT	Rec.	96‐01).	These	concerns	were,	to	a	large	extent,	at	the	origin	
of	 the	 moratorium	 on	 FAD	 fishing	 set	 up	 voluntarily	 by	 the	 three	 European	 tropical	 tuna	 producer	
organizations	 in	 1997	 (Goujon	 and	 Labaisse‐Bodilis,	 2000).	 Same	 concerns	 were	 subsequently	 clearly	
expressed	in	several	international	reviews	(Le	Gall	J.Y.	et	al.,	2000;	Bromhead	et	al.,	2002)	as	well	as	in	the	
conclusions	of	the	World	Tuna	Purse	Seine	Organization	(WTPO)	report	on	the	impacts	of	FADs	and	the	
development	of	management	strategies	for	responsible	use	of	FADs	by	purse	seine	fleets	(MRAG,	2009).	
Awareness	of	managers	was	also	raised	by	the	civil	society	(Morgan,	2011)	and	progressively	the	issue	of	
FADs	has	become	a	paramount	for	the	Regional	Fisheries	Management	Organizations	(RFMOs)	leading	to	
adopt	FAD	management	measures.		
	
Although	 the	 FAO	 Code	 of	 Conduct	 recommends	 implementing	 “management	 systems	 for	 ...	 fish	
aggregating	devices”	(Article	8.11.3,	FAO,	1995),	it	is	not	until	2008	that	the	Central	and	Western	Pacific	
Tuna	Fisheries	(WCPFC)	recommended	the	establishment	of	the	first	FAD	management	plans	(CMM	2008‐
01).	 Similar	 recommendations	 were	 then	 adopted	 by	 ICCAT	 (Rec.	 11‐01)	 and	 IOTC	 (Res.	 12/08).	 In	
response	to	the	ICCAT	recommendation,	a	national	FAD	management	plan	was	therefore	implemented	by	
Orthongel	in	2012	based	on	the	regulations	already	in	place	by	Orthongel	at	the	end	of	2011	(Orthongel	
Decision	No	10	and	No	11).	This	FAD	management	plan	was	endorsed	by	the	French	administration	and	
communicated	to	RFMOs	the	same	year.	
	
When	the	French	FAD	management	plan	was	implemented,	the	first	question	was	to	clarify	the	notion	of	
FAD	(term	hereafter	used	as	a	global	term	to	define	what	 is	managed).	 	 It	was	agreed	among	Orthongel	
members	 that	 a	 floating	 object	 (FOB)	 could	 be	 any	 artificial	 or	 natural	 floating	 object	 (wreckage,	 lost	
fishing	gears,	branches,	carcasses,	rafts,	etc.)	used	by	fishermen	to	increase	their	fishing	efficiency	due	to	
the	aggregative	behaviour	of	 tropical	 tuna	under	 these	objects.	Therefore,	 these	objects	 could	be	 found	
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(natural	or	artificial	logs)	or	deployed	(drifting	rafts1	referred	as	DFADs)	at	sea	by	fishermen.	In	the	90’s,	
fishermen	 started	 to	 attach	 radio	 beacon	 to	 floating	 objects	 (tracked	 FOBs)	 to	 facilitate	 their	 location.	
Nowadays,	 after	 several	 technical	 progresses,	 the	 last	 generation	 of	 beacons	 provide	 information	 to	
fishermen	 (GPS	 position	 and	 presence/absence	 of	 biomass	 under	 the	 tracked	 FOB).	 This	 effort	 of	
clarifying	the	notion	of	FADs	(Goujon	et	al.,	2014,	Figure	1)	contributed	to	one	of	the	results	of	the	EU‐
funded	 CECOFAD	 program	 (intended	 to	 provide	 insights	 into	 the	 fishing	 effort	 units	 to	 be	 used	 in	 the	
calculation	 of	 purse‐seine	 CPUEs	 and	 to	 provide	 new	 knowledge	 on	 the	 impact	 of	 FAD‐fishing	 on	 the	
pelagic	ecosystems	(Gaertner	et	al.,	2016).	These	harmonized	definitions	were	adopted	by	ICCAT	in	Rec.	
16‐01.	Because	of	its	unique	identifier,	the	beacon	can	be	used	to	identify	clearly	the	tracked	DFAD	as	well	
as	the	user	(or	the	owner)	of	this	tracked	DFAD.	
		
Although	 French	 and	 Italian	 boat‐owners	 are	 convinced	 that	 the	 use	 of	 FOBs	 in	 tropical	 tuna	 fisheries	
always	existed	 (purse	 seiners	have	been	using	 logs	 since	 the	beginning	of	 the	 fishery),	 is	necessary	 for	
purse	 seiners	 targeting	 tropical	 tunas,	 and	 contributes	 to	 a	 balanced	 exploitation	 of	 those	 species	 by	
combining	 activities	 on	 FOBs	 and	 free	 swimming	 school,	 they	 are	 also	 aware of	 the	 potential	 negative	
impacts/disadvantages	of	FOB	fishing.	
	
Tunas	are	not	easy	to	catch,	especially	when	they	are	not	aggregated.	FOB	fishing	not	only	 facilitate	the	
search	 for	 tuna	 schools	 and	 reduce	 the	 rate	 of	 null	 sets	 (when	 the	 tuna	 escape),	 it	 is	 also	 the	 only	
alternative	outside	the	schooling	seasons	and	the	most	common	way	to	catch	skipjack	(which	represent	
more	than	half	of	our	total	catch).	Increasing	the	number	of	FOBs	used	by	fishermen	by	deploying	DFADs	
could	therefore	improve	the	efficiency	of	the	vessels.	The	contribution	of	DFADs	to	fishing	efficiency	is	still	
to	 be	 clearly	 demonstrated	 however	 preliminary	 analyses	 during	 the	 CECOFAD	 program	 showed	 that	
vessel	catch	tends	to	 increase	with	the	number	of	DFADs	used	by	the	vessel	(Gaertner	et	al.,	2016)	and	
clearly	increase	with	the	association	of	the	vessel	with	a	support	vessel	(Maufroy	et	al.,	2015a),	as	support	
vessels	allow	to	deploy	larger	numbers	of	FOBs	and	assist	purse	seiners	in	their	FOB	fishing	activity.	The	
comparison	of	the	evolution	of	catch	and	fishing	capacity	combined	factors	(number	of	vessels,	number	of	
support	 vessels,	 number	 of	 DFADs)	 in	 Indian	 Ocean	 also	 suggest	 that	 DFADs	 contribute	 to	 fishing	
efficiency	(Figure	2).	
		
The	PS	fleet	relies	more	and	more	on	this	fishing	strategy	and	the	proportion	of	catch	made	under	FADs	
has	 continuously	 increased	 since	 the	 mid	 2000’s	 (Figure	 3	 from	 Fonteneau	 and	 Chassot,	 2014	 and	
Fonteneau,	et	al.,	2014).		
		
However,	 this	 increasing	 use	 of	 the	 FOB	 strategy	 may	 have	 various	 negative	 consequences:	 schools	
associated	with	FOBs	are	often	mixed	schools	of	skipjack	and	juveniles	of	yellowfin	and	bigeye;	bycatch	
rate	are	much	higher	for	FOBs	sets	than	for	free	swimming	school	sets	(though	still	low	compared	to	other	
fishing	gears);	skippers could	be	tempted	to	fish	almost	exclusively	on	FOBs	due	to	their	lower	rate	of	null	
sets	FOBs	and	lose	their	skills	on	free‐swimming‐school	fishing;	and	finally	DFADs	(most	of	the	FOBs	used	
by	 fishermen)	may	represent	a	source	of	pollution,	generate	perturbation	 in	 the	schooling	behaviour	of	
tunas	 and	 cause	 damage	 to	 fragile	 structures	 (such	 as	 coral	 reefs)	 in	 case	 of	 beaching	 (Balderson	 and	
Martin,	2015).	
	

The	perturbation	in	schooling	behaviour	of	tuna	is	unanimously	reported	by	French	and	Italian	skippers	
when	asked	on	the	consequences	of	the	increase	of	DFADs	in	the	Ocean.	For	these	skippers,	the	increase	in	
DFAD	density	in	fishing	grounds	has	led	to	a	diminution	of	the	schools’	size	under	DFADs	and	a	decrease	
in	 the	abundance	of	 free	swimming	schools	 (Goujon,	2015a).	Figure	4	 (derived	 from	Fonteneau,	2014)	
illustrates	best	the	perception	by	skippers,	which	echoes	the	conclusion	of	SCRS	in	2008	which	indicated	
that	free	swimming	schools	of	mixed	species	were	considerably	more	common	prior	to	the	introduction	of	
FADs.	Increasing	the	number	of	DFADs	may	alter	the	natural	behaviour	of	tropical	tunas	for	instance	by	
trapping	 tunas	 in	 suboptimal	 areas	 (ecological	 trap;	 Hallier	 and	 Gaertner,	 2008;	 Marsac	 et	 al.,	 2000;	
Ménard	et	al.,	2000),	modifying	school	composition	(Fonteneau	et	al.,	2000;	Hall	comm.	pers.),	fragmenting	
tuna	 schools	 (Sempo	 et	 al.,	 2013;	 Fonteneau,	 2014)	 or	 reducing	 residence	 times	 of	 schools	 under	
individual	FOBs	(instability	of	schools,	Maufroy	et	al.,	2016).			

                                                            
1.	Rafts	generally	consist	of	a	floating	part	(often	made	of	bamboo)	and	a	submerged	train	(allowing	the	FAD	to	drift	with	currents	
rather	 than	 with	 winds).	 Traditionally	 this	 train	 was	 a	 piece	 of	 netting.	 Having	 noticed	 that	 these	 nets	 represented	 a	 risk	 of	
entanglement	for	turtles	and	sharks,	the	French	and	Italian	fleet	was	the	first	to	modify	all	the	rafts	that	it	put	in	the	water	so	that	
such	entanglements	are	no	longer	possible.	
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Orthongel	approach	was	therefore	to	address	two	specific	(and	manageable)	issues	linked	with	FADs:	the	
contribution	 of	 tracked	 DFADs	 (or	 tracked	 logs)	 to	 fishing	 effort	 (correlated	 to	 the	 beacon)	 and	 the	
environmental	impact	of	DFADs	(Figure	1),	considering	that	fishermen	(as	well	as	managers)	can	control	
the	quantity	and	quality	of	DFADs	deployed	at	sea,	while	they	have	very	little	control	over	the	abundance,	
distribution	and	quality	of	natural	 logs	 (whose	environmental	 impact	 is	often	minor)	and	human‐made	
logs	(whose	origin	is	mostly	external	to	fisheries).	While	in	the	80’s,	about	20%	of	the	sets	were	made	on	
floating	objects,	mostly	logs,	since	the	2000’s	tracked	DFADs	are	involved	in	more	than	80%	of	the	sets	on	
floating	 objects	 by	 French	 and	 Italian	 fishermen.	 The	 plan	 established	 Orthongel	 should	 therefore	
significantly	cover	the	FAD	issue.	Its	objectives	(in	chronological	order	of	implementation)	were:	
	

1) to	 reduce	 potential	 environmental	 impacts	 of	 DFADs	 such	 as	 incidental	 direct	 (catch)	 or	
indirect	(entanglement	in	DFADs)	mortality	of	sharks,	rays	and	turtles,	or	FAD	beaching,	

2) to	 ensure	 that	 fishing	 with	 FADs	 is	 sustainable	 by	 avoiding	 an	 exclusive	 use	 of	 FADs	
generating	disproportionate	catch	of	juveniles,	and	

3) to	 preserve	 the	 economic	model	 of	 the	French	 and	 Italian	 fleet	which	 relies	 on	 a	 balanced	
targeting	 of	 associated	 and	 free	 swimming	 schools	 and	 therefore	 needs	 abundant	 free	
swimming	schools.	

	
We	also	made	sure	that	the	Orthongel	FAD	management	plan	followed	the	guidelines	provided	by	ICCAT	
Rec.	11‐01	and	IOTC	Res.	12/08.	
	
Implementation	of	the	2012‐2015	Orthongel	FAD	management	plan	
	
Measures	intending	to	mitigate	potential	environmental	impacts	of	DFADs	
	
Non‐entangling	DFADs	
	
In	 2010,	 Orthongel	 launched	 a	 program	 which	 objective	 was	 to	 eliminate	 turtle	 entanglement	 in	 the	
netting	used	 in	DFADs	(cover	of	 the	raft	and	underwater	 train)	and,	as	 this	program	and	the	 tagging	of	
sharks	realized	in	a	concomitant	program	of	Orthongel	(see	next	chapter)	revealed,	the	entanglement	of	
sharks,	which	appeared	to	be	of	greater	concern	(Filmater	et	al.,	2013).	Each	vessel’s	crew	was	explained	
the	objectives	and	encouraged	to	test	different	designs	either	proposed	by	Orthongel	based	on	previous	
European	 experiments,	 or	 imagined	 by	 the	 crewmen	 themselves.	 The	 data	 they	 were	 asked	 to	 collect	
during	 the	program	every	 time	 a	DFAD	was	deployed	or	 fished,	 allowed	us	 to	 document	 the	best	 (and	
most	 accepted)	 non‐entangling	 FADs	 designs	 (Figure	5)	 and	 to	 demonstrate	 that	 catch	 rate	 were	 not	
altered	by	the	modifications	made	(Table	1,	Goujon	et	al.,	2012).	By	the	end	of	the	program,	all	French	and	
Italian	DFADs	had	been	replaced	by	non‐entangling	ones	so	that	the	boat‐owners	voted	in	November	2011	
a	resolution	prohibiting	the	deployment	of	entangling	DFADs	(i.e.	that	would	not	be	designed	to	eliminate	
the	risk	of	entanglement)	for	all	French	and	Italian	purse	seiners	(Orthongel	Decision	11).		

	
In	 addition	 to	 this	 first	 program,	 Orthongel	 launched	 in	 2013	 a	 program	 to	 establish	 two	 land‐based	
workshops	 (one	 for	 each	 ocean)	 to	 manufacture	 non‐entangling	 DFADs	 for	 the	 vessels	 with	 terms	 of	
reference	that	would	guarantee	on	the	permanent	non‐entangling	nature	of	our	DFADs.	It	also	allowed	us	
to	 test	 new	 materials	 or	 new	 designs	 and	 to	 monitor	 the	 number	 of	 DFADs	 ordered	 by	 each	 vessel	
(Figure	6).	Various	tests	of	biodegradable	DFADs	were	also	made:	we	experimented	coconut	fibre	for	the	
underwater	structure	and	the	cover	of	the	raft.	Around	one	hundred	of	these	DFADs	were	deployed	in	the	
Atlantic	 and	 Indian	 Oceans,	 including	 at	 ports	 so	 that	 we	 could	 visit	 them	 regularly;	 some	 of	 these	
biodegradable	DFDAs	were	 also	 sent	 to	 be	 tested	 and	monitored	 in	Hawaii	 by	 an	 ISSF	 team.	However,	
coconut	fibre	appeared	to	be	not	suitable	as	the	fibre	gets	soaked	(creating	a	problem	of	buoyancy)	and	is	
not	enough	resistant	(the	DFAD	rapidly	breaks	up).	Research	continues	today	with	tests	of	cotton	ropes	in	
both	oceans	and	a	project	to	test	new	materials	developed	in	partnership	with	the	textile	industry.	
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Safe	release	of	sharks,	rays	and	turtles	arrived	alive	on	the	deck	
	
In	2010,	simultaneously	to	the	non‐entangling	DFADs	program,	Orthongel	also	implemented	with	IRD	and	
Ifremer	 (as	 a	 complement	 of	 the	MADE	 program)	 a	 program	 to	 test	 and	 document	 the	 best	 tools	 and	
procedures	for	the	release	of	sharks,	rays	and	turtles	arrived	alive	on	the	vessel’s	deck	in	order	to	improve	
both	 the	 survival	 rate	 of	 the	 released	 animal	 and	 the	 safety	 conditions	 for	 crewmen.	 IRD	 and	 Ifremer	
scientists	embarked	on	board	purse	seiners	and	31	individuals	were	tagged	with	archival	pop‐up	tags	to	
measure	the	survival	rates	of	individuals	released	with	the	identified	best	technics.	These	best	practices	
have	 been	 documented	 in	 a	 guide	 edited	 by	 Orthongel	 in	 French,	 English	 and	 Spanish	 (Poisson	 et	 al.,	
2012),	each	crew	have	also	received	a	specific	training	and	a	series	of	6	reminder	posters	were	displayed	
aboard	each	purse	seiner	(Figure	7).	Information	on	specific	technics	or	tools	and	adoption	of	these	best	
practices	was	rapidly	spread	amongst	all	 the	fleet	(Figure	8).	The	comparison	of	the	implementation	of	
these	practices	reported	by	on	board	observers	revealed	the	importance	of	the	crew	supervisor	as	a	key	
person	 for	 systematic	 application	 of	 the	 good	 practices	 and	 search	 for	 improved	 technics.	 For	 turtles	
(which	survival	rate	was	already	good),	progress	was	made	in	the	handling	of	the	animals	and	curing	of	
injured	animals	prior	release	(Goujon,	2015b).	For	sharks,	best	practices	defined	per	species	and	size	of	
sharks	require	relatively	minimal	effort	by	fishermen	but	could	impact	substantially	and	positively	the	by‐
catch	post‐release	survival	(Poisson	et	al.,	2014a).	Adoption	of	these	practices	were	encouraged	since	they	
reduced	sharks	post‐release	mortality	by	about	20%	(Poisson	et	al.,	2014b).	
	

The	FAD‐Watch	project	
	

Since	January	2016,	Orthongel	has	been	intending	to	establish	a	specific	cooperation	with	the	Seychelles	
Fisheries	Authorities	aimed	at	reducing	as	much	as	possible	 the	potential	 impacts	of	French	and	Italian	
DFADs	beaching	on	coral	reefs,	events	which	occurrence	was	estimated	by	Maufroy	(2015b).	The	project	
includes	the	automatic	provision	of	GPS	position	of	DFADs	approaching	coral	reefs	with	a	significant	risk	
of	 beaching	 so	 that	 any	 vessel	 present	 in	 the	 area	 could	 intercept	 the	 DFAD	 and	 tow	 or	 recover	 it	 to	
prevent	 beaching.	 This	 information	 is	 also	 useful	when	 planning	 campaigns	 of	 removal	 of	DFADs	 from	
reefs	and	beaches.	Recovered	notified	DFADs	(and	beacons	allowing	their	identification)	could	be	recycled	
by	being	bought	 back	by	 the	boat‐owners,	 therefore	providing	 an	 economic	 compensation	 for	 the	 time	
spent	by	the	vessel	having	recovered	the	DFAD.		
	

Measures	intending	to	limit	DFADs	proliferation	
	

In	 order	 to	 limit	 DFADs	 proliferation,	 French	 and	 Italian	 boat‐owners	 voted	 in	 November	 2011	 a	
resolution	 to	 limit	 the	number	 of	 tracked	DFADs	 (and	 tracked	 logs)	 at	 sea	 to	 no	more	 than	150	 active	
beacons	 and	 to	 limit	 the	 number	 of	 new	beacons	 bought	 every	 year	 for	 each	 vessel	 to	 200	 (Orthongel	
Decision	10).	Because,	it	appeared	essential	that	numbers	and	location	of	DFADs	needed	to	be	monitored,	
the	decision	also	prohibited	the	use	of	beacons	that	did	not	provide	a	GPS	position	(e.g.	radio	buoys).	
	

Since	 the	 French	 and	 Italian	 fleet	 is	 not	 the	 only	 one	 to	 use	 DFADs	 (see	Figure	2),	 Orthongel	 actively	
contributed	to	raise	awareness	on	the	need	to	improve	data	collection	on	DFADs	and	to	manage	the	use	of	
DFADs	 (promoting	 in	 particular	 the	 principle	 of	 capping	 the	 number	 of	 DFADs)	 at	 the	 level	 of	 EU	
(Eurothon,	Long	Distance	Advisory	Council	and	DG	MARE)	and	at	the	level	of	other	CPCs	(Riva,	2014;	Riva,	
2016)	and	tuna	RFMOs.	Progress	has	indeed	been	made	by	tuna	RFMOs	since	IOTC	has	set	a	DFAD	limit	in	
2015	 (IOTC	Res.	 15‐08,	 revised	by	 IOTC	Res.	 16‐01	with	 the	 inclusion	of	 a	 limitation	of	 the	number	 of	
support	vessels)	as	well	as	ICCAT	in	2015	(ICCAT	Rec.	15‐01).		
	

Although	we	still	believe	that	the	 levels	of	 these	 limitations	are	two	high,	we	consider	that	tuna	RFMOs	
FAD	working	groups	should	provide	in	the	short	term	an	advice	to	improve	these	management	decisions,	
based	on	the	contribution	of	DFADs	to	fishing	effort	and	the	level	at	which	the	fishing	activity	switches	to	
a	«	cherry‐picking	»	activity	(which,	obviously,	cannot	be	evaluated	and	managed	by	traditional	fisheries	
technical	methods	and	measures).	To	facilitate	the	work	of	scientists	and	improve	their	knowledge	on	the	
consequences	of	DFAD	use,	Orthongel	provide	to	IRD	scientists,	in	addition	to	mandatory	logbooks,	VMS	
and	landing	data,	DFAD’s	beacon	activation/deactivation	data	(quarterly	from	2010	to	2015,	monthly	in	
2016	and	daily	since	January	2017)	reports,	all	FOBs	related	activities	data	on	the	ICCAT/IOTC	logbook	
(including	 for	 the	 support	 vessel)	 since	 2013,	 GPS	 tracks	 of	 all	 DFAD	 beacons	 since	 2007	 and	 echo‐
sounder	data	of	these	DFADs	since	2014.	In	addition	to	the	observers’	data	collected	within	the	frame	of	
the	DCF	program	(10%	coverage),	IRD	now	recover	scientific	observers’	data	for	100%	of	the	cruises	(in	
the	Atlantic	since	January	2014	and	in	the	Indian	Ocean	since	January	2016).	
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Since	2012,	we	 also	 elaborated	with	 our	 beacons	providers	 a	 scheme	of	 control	 and	declaration	of	 the	
number	of	active	beacons	at	sea	(requested	by	ICCAT	and	IOTC)	and	have	continuously	improved	it.	For	
instance,	the	term	«	active	beacon	»	used	to	qualify	the	beacon	as	contributing	to	the	fishing	effort	could	
create	some	unclarity	since	beacons	can	be	activated/deactivated.	It	is	therefore	important	to	distinguish	
«	active	»	from	«	activated	»	(Figure	9).	
	
To	provide	 an	 appropriate	 indicator	of	DFAD’s	 contribution	 to	 fishing	 effort,	we	 consider	 as	active	 any	
beacon	at	sea	transmitting	at	least	a	position	in	24h	and	drifting	at	a	speed	greater	than	0	and	less	than	6	
knots:	a	null	drift	indicates	that	the	beacon	(and	hopefully	the	associated	DFAD)	has	beached	while	a	drift	
greater	than	6	knots	means	the	beacon	is	on	board	a	vessel	(either	on	test	before	being	attached	to	a	FOB	
or	stolen	by	another	vessel	which	does	not	know	how	to	deactivate	it).	Once	a	beacon	stops	transmitting	
at	 least	 a	 position	 in	 24h,	 it	 is	 supposed	 to	 be	 lost	 and	 access	 to	 the	 communication	 of	 this	 beacon	 is	
terminated	by	the	provider.	
	
Current	situation	and	perspectives	for	future	FAD	management	
	
Due	to	the	levels	of	limitation	fixed	by	RFMOs	and	the	lack	of	access	of	these	RFMOs	to	DFADs	data	–	for	
instance,	 it	 does	 not	 seem	 that	 quarterly	 declarations	 of	 active	 DFADs	 required	 by	 ICCAT	 since	 2013	
(ICCAT	 Rec	 13‐01)	 and	 IOTC	 since	 2014	 (IOTC	 Res.	 13/08)	 were	 made	 available	 to	 the	 scientific	
committee	of	these	RFMOs	–	it	is	difficult	to	assess	whether	the	limitations	implemented	by	tuna	RFMOs	
have	 been	 effective	 in	 reducing	 the	 number	 of	 DFADs	 and,	 consequently,	 have	 contributed	 to	 reduce	
juvenile	catch,	as	well	as	other	environmental	impacts.	
	
On	 the	 contrary,	 Orthongel	 data	 (provided	 to	 IRD	 and	 our	 administrations)	 show	 that	 because	 of	
weariness	of	the	French	and	Italian	boat‐owners	to	limit	themselves	way	below	other	fleets	and	because	
of	competition	with	other	purse‐seine	fleet	and	the	low	price	of	tuna,	the	number	of	DFADs	used	by	the	
French	 and	 Italian	 fleet	 has	 increased	 recently	 in	 the	 Indian	 Ocean.	 It	 is	 however	 not	 the	 case	 in	 the	
Atlantic	Ocean	(Figure	10).	
	
When	 asked	 on	 the	 evolution	 of	 the	 FAD	 issue,	 French	 and	 Italian	 skippers	 report	 that	 the	 number	 of	
DFADs	 at	 sea	 does	 not	 seem	 to	 have	 decreased	 and	 illustrate	 this	 by	 observations	 of	 concentration	 of	
short‐distanced	DFADs	 (in	a	 single	 set,	one	 skipper	 counted	more	 than	25	DFADs	entangled	 together!).	
Last	 autumn,	 they	 observed	 a	 complete	 absence	 of	 free	 swimming	 school	 for	 several	months.	Many	 of	
them	 explain	 that	 they	 now	 have	 almost	 only	 access	 to	 DFAD	 schools	 and	 are	 obliged	 to	 change	 their	
strategy.	Boat‐owners	also	have	to	adapt	to	this	situation	(buying	more	beacons	for	their	vessels)	while	at	
the	same	time,	the	presence	of	scientific	observers	accredited	by	Bureau	Veritas	allow	them	to	get	some	
premium	on	their	production	of	«	free‐school	»	tuna,	which	demand	is	increasing	on	EU	markets…	
	
Moreover,	many	skippers	observe	that	the	exchange	of	beacons	on	their	DFADs	by	other	purse	seiners	but	
also	 support	 vessels	 –	 which	 number	 and	 efficiency	 has	 increased	 these	 last	 years	 (Fonteneau,	 comm	
pers.)	 –	 is	 more	 frequent,	 rising	 in	 some	 cases	 to	 30%	 of	 their	 seeded	 DFADs	 within	 45	 days.	 This	
phenomenon	also	contributes	to	an	increase	of	the	number	of	DFADs	deployed	at	sea.	
	
In	consequence,	French	and	Italian	boat‐owners	will	continue	to	militate	for	a	limitation	of	DFAD	beacons	
per	vessel	at	a	more	reasonable	 level	(i.e.	that	will	effectively	reduce	the	total	number	of	DFADs	at	sea)	
and	will	support	the	RFMO	to	improve	the	monitoring	of	these	DFADs.	To	do	so,	RFMOs	should	adopt	clear	
definition	of	 the	 term	«	 active	 beacon	 »	used	 in	 their	 resolutions	 (for	 example,	 based	on	our	proposed	
definition),	 require	 access	 to	 DFADs	 beacons’	 data	 (at	 least	 individual	 activation/deactivation	 dates	 of	
each	beacon	used	by	the	fleet	and	ideally	individual	GPS	data	of	each	beacon	with	at	least	a	position	per	
day)	and	make	mandatory	a	100%	coverage	on	board	purse‐seiners	and	support	vessels	 to	 control	 the	
number	of	DFADs	deployed	and	prohibit	the	deployment	of	DFADs	without	beacon).		
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ICCAT	Recommendation	96‐01	on	Bigeye	and	Yellowfin	Tunas	
	
ICCAT	Recommendation	11‐01	on	a	Multi‐Annual	Conservation	and	Management	Program	for	Bigeye	and	
Yellowfin	Tunas		
	
ICCAT	 Recommendation	 13‐01	 amending	 the	 Recommendation	 on	 a	 Multi‐Annual	 Conservation	 and	
Management	Program	for	Bigeye	and	Yellowfin	Tunas	
	
ICCAT	Recommendation	 15‐01	 on	 a	Multi‐Annual	 Conservation	 and	Management	 Program	 for	 Tropical	
Tunas	
	
ICCAT	Recommendation	 16‐01	 on	 a	Multi‐Annual	 Conservation	 and	Management	 Program	 for	 Tropical	
Tunas	
	
IOTC	Resolution	12/08	on	a	fish	aggregation	devices	(FADS)	management	plan	
	
IOTC	Resolution	13/08	on	Procedures	on	a	fish	aggregating	devices	(FADs)	management	plan,	including	
more	 detailed	 specification	 of	 catch	 reporting	 from	 FAD	 sets,	 and	 the	 development	 of	 improved	 FAD	
designs	to	reduce	the	incidence	of	entanglement	of	non‐target	species	
	
IOTC	Resolution	15/08	on	Procedures	on	a	fish	aggregating	devices	(FADs)	management	plan,	including	a	
limitation	on	the	number	of	FADs,	more	detailed	specifications	of	catch	reporting	from	FAD	sets,	and	the	
development	of	improved	FAD	designs	to	reduce	the	incidence	of	entanglement	of	non‐target	species	
	
IOTC	Resolution	16/01	on	an	 Interim	Plan	 for	Rebuilding	 the	 Indian	Ocean	Yellowfin	 tuna	Stock	 in	 the	
IOTC	area	of	competence	
	
WCPFC	CMM	2008‐01	on	Conservation	and	Management	Measure	 for	Bigeye	and	Yellowfin	Tuna	 in	 the	
Western	and	Central	Pacific	Ocean	
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Table	1.	Indicators	of	fishing	efficiency	of	non‐entangling	and	traditional	DFADs.	
	

Parameters	and	indicators	
Non‐entangling	
DFADs	sets	

All	2010‐2011
FOB	sets	

2005‐2010	
FOB	sets	

Number	of	observations	 124 1349 11832	
Average	catch	per	set	 25.5	t 25.2	t 25.0	t	
Number	of	sets	of	less	than	10	t		 22.6	% 29.8	% 25.2	%	
Number	of	sets	of	10	to	50	t	 62.9	% 57.6	% 60.6	%	
Number	of	sets	of	more	than	50	t	 14.5	% 12.6	% 14.2	%	
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Original:	English	
	

DFADS	USED	BY	EU	TROPICAL	TUNA	PURSE	SEINERS	IN	THE	ATLANTIC	AND	INDIAN	OCEANS:	
INCREASING	USE,	CONTRIBUTION	TO	FISHING	EFFICIENCY	AND	POTENTIAL	MANAGEMENT	

	
A.	Maufroy1,	D.M.	Kaplan.2,	N.	Bez3	and	E.	Chassot4	

	
	

ABSTRACT	
	
Since	 the	 mid‐1990s,	 the	 use	 of	 drifting	 Fish	 Aggregating	 Devices	 (dFADs)	 by	 purse	 seiners,	 artificial	
objects	specifically	designed	to	aggregate	fish,	has	become	an	important	mean	of	catching	tropical	tunas.	
In	 recent	 years,	 the	massive	 deployments	 of	 dFADs,	 as	well	 as	 the	massive	 use	 of	 tracking	 devices	 on	
dFADs	 and	 natural	 floating	 objects,	 such	 as	 GPS	 buoys,	 have	 raised	 serious	 concerns	 for	 tropical	 tuna	
stocks,	 bycatch	 species	 and	 pelagic	 ecosystem	 functioning.	 Despite	 these	 concerns,	 relatively	 little	 is	
known	 about	 the	modalities	 of	 dFAD	 use,	making	 it	 difficult	 to	 assess	 and	manage	 the	 impacts	 of	 this	
fishing	 practice.	 The	 present	 paper	 provides	 an	 overview	 of	 a	 4‐year	 research	 on	 the	 use	 of	 dFADs	 by	
tropical	tuna	purse	seiners	in	the	Eastern	Atlantic	and	Western	Indian	oceans.	To	fill	existing	knowledge	
gaps,	GPS	buoy	tracks	provided	by	the	three	French	fishing	companies	operating	in	the	Atlantic	and	the	
Indian	Oceans,	representing	a	large	proportion	of	the	floating	objects	monitored	by	the	French	fleet,	were	
analysed.	These	data	were	combined	with	multiple	sources	of	information:	logbook	data,	information	on	
support	 vessels	 and	 interviews	with	 purse	 seine	 skippers	 to	 describe	GPS	 buoy	deployment	 strategies,	
estimate	the	total	number	of	GPS	buoy	equipped	dFADs	used	in	the	Atlantic	and	Indian	Oceans,	measure	
the	contribution	of	strategies	with	FOBs	and	support	vessels	to	the	fishing	efficiency	of	tropical	tuna	purse	
seiners,	and	 finally	 to	propose	management	options	 for	 tropical	 tuna	purse	seine	FOB	 fisheries.	Results	
indicate	clear	seasonal	patterns	of	GPS	buoy	deployment	in	the	two	oceans,	a	rapid	expansion	in	the	use	of	
dFADs	over	the	last	7	years	with	an	increase	of	4.2	times	in	the	Indian	Ocean	and	7.0	times	in	the	Atlantic	
Ocean,	and	an	increased	efficiency	of	tropical	tuna	purse	seine	fleets	from	3.9%	to	18.8%	in	the	Atlantic	
Ocean	over	2003‐2014	and	from	10.7%	to	26.3%	in	the	Indian	Ocean.	Quantitative	results	(estimates	of	
dFAD	use,	 fishing	efficiency	and	impacts	of	dFAD	use)	were	discussed	with	French	purse	seine	skippers	
during	 semi‐structured	 interviews	 to	 understand	 their	 perception	 of	 the	 impacts	 of	 dFAD	 use	 and	 to	
propose	 adapted	 management	 options	 for	 tropical	 tuna	 purse	 seine	 dFAD	 fisheries.	 Interviews	 with	
French	purse	seine	skippers	of	the	Indian	Ocean	revealed	the	existence	of	competition	between	EU	purse	
seine	 fleets,	 encouraging	 the	 recent	 increase	 in	 the	use	of	dFADs.	They	underlined	 the	need	 for	a	more	
efficient	 management	 of	 the	 fishery,	 including	 the	 implementation	 of	 catch	 quotas,	 a	 limitation	 of	 the	
capacity	of	purse	seine	fleets	and	a	regulation	of	the	use	of	support	vessels.	
	 	

                                                            
1	ORTHONGEL,	5	rue	des	Sardiniers,	29900	Concarneau,	amaufroy@orthongel.fr	(corresponding	author).	
2	Virginia	Institute	of	Marine	Science,	College	of	William	&	Mary,	P.O.	Box	1346	Gloucester	Point,	VA	23062,	USA.	
3	Institut	de	Recherche	pour	le	Développement,	UMR	MARBEC	(IRD/Ifremer/CNRS/UM),	Avenue	Jean	Monnet,	BP	171,	34203	Sète	
Cedex	France.	
4	TNC,	Victoria,	Seychelles. 
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Appendix	
	

DFADS	USED	BY	EU	TROPICAL	TUNA	PURSE	SEINERS	IN	THE	ATLANTIC	AND	INDIAN	OCEANS:	
INCREASING	USE,	CONTRIBUTION	TO	FISHING	EFFICIENCY	AND	POTENTIAL	MANAGEMENT	

	
A.	Maufroy,	D.M.	Kaplan.,	N.	Bez	and	E.	Chassot	

	
	
1	 Introduction	
	
Fishers	have	long	known	that	many	species	of	fish,	 including	tropical	tunas,	naturally	associate	with	the	
objects	 drifting	 at	 the	 surface	 of	 the	 ocean.	 For	 centuries,	 they	 have	 known	 that	 fish	 associated	 with	
Floating	Objects	(FOBs)	are	easier	to	detect	and	easier	to	catch.	They	have	long	used	natural	FOBs	as	an	
indicator	 of	 higher	 abundance,	 better	 catchability	 and	 increased	 fish	 school	 size	 (Hall	 1992,	 Fréon	 &	
Dagorn	2000,	Castro	et	al	2002),	until	 they	had	the	idea	to	mimic	the	natural	behaviour	of	 fish	with	the	
deployment	of	man‐made	FOBs.	At	the	end	of	the	1990s,	these	drifting	Fish	Aggregating	Devices	(dFADs)	
became	 an	 important	 mean	 of	 catching	 skipjack,	 and	 juveniles	 of	 yellowfin	 and	 bigeye	 tuna	 by	 purse	
seiners	(Fonteneau	et	al.,	2000a).	 Increasing	numbers	of	dFADs	were	deployed	in	the	world	oceans	and	
specific	FOB	fishing	technologies	were	introduced.	Among	others,	the	use	of	FOB	tracking	devices	such	as	
GPS	 buoys	 developed	 (Castro	 et	al.,	 2002;	 Fonteneau	 et	al.,	 2013)	 and	 support	 vessels	 began	 to	 assist	
purse	seiners	for	dFAD	deployment	and	searching	(Fonteneau	et	al.,	2000a;	Arrizabalaga	et	al.,	2001).	In	
all	oceans,	 these	changes	have	supported	 the	 fast	development	of	purse	seine	(PS)	 fleets	 (Miyake	et	al.,	
2010;	Fonteneau	et	al.,	2013).	

	
Over	 time,	 FOB	 fisheries	 have	 become	 an	 increasing	 source	 of	 concern	 for	 tuna	 Regional	 Fisheries	
Management	Organizations	(RFMOs).	Though	FOBs	have	positive	consequences	for	purse	seine	fishing,	by	
improving	the	detection	of	tuna	schools	and	the	success	of	fishing	sets	(Fonteneau	et	al.,	2000),	they	have	
also	a	number	of	negative	consequences	for	tropical	tunas	and	marine	ecosystems	(Dagorn	et	al.,	2013).	
Among	others,	they	contribute	to	increased	catches	of	juveniles	of	yellowfin	and	bigeye	tuna	(Fonteneau	
et	al.,	2000),	strong	modifications	of	the	natural	behaviour	of	tropical	tunas	(Marsac	et	al.,	2000;	Hallier	
and	Gaertner,	 2008;	 Sempo	et	al.,	 2013),	 increased	 levels	 of	 bycatch	 and	discard	 (Amandè	 et	al.,	 2011,	
2012),	 ghost	 fishing	 of	 fragile	 species	 (entanglements	 of	 sea	 turtles	 and	 sharks;	 Anderson	 et	al.,	 2009;	
Filmalter	et	al.,	2013)	and	potential	damages	to	vulnerable	habitats	(Balderson	and	Martin,	2015;	Maufroy	
et	 al.,	 2015).	 Despite	 these	 concerns	 regarding	 the	 impacts	 of	 FOB	 use	 for	 tropical	 tuna	 and	 marine	
ecosystems,	little	information	has	previously	been	available	on	FOB	use	worldwide.	

	
In	 addition,	 the	massive,	 and	 increasing,	 use	 of	 FOBs	 by	 purse	 seiners	 since	 the	 1990s,	 as	well	 as	 the	
technologies	used	for	FOB	fishing,		have	had	a	particularly	important	impact	on	fishing	efficiency	(Hallier	
et	 al.,	 1992;	 Ariz	 Telleria	 et	 al.,	 1999;	 Fonteneau	 et	 al.,	 2000a).	 In	 addition	 to	 the	 typical	 impacts	 of	
technological	 creep	 experienced	 in	 other	modern	 fisheries	 (Torres‐Irineo	 et	 al.,	 2014),	 the	use	 of	 FOBs	
affects	catchability	 in	ways	that	make	defining	an	index	of	fishing	effort	for	purse	seiners	difficult.	FOBs	
increase	 the	 availability	 of	 tropical	 tuna	 to	 purse	 seiners	 by	 concentrating	 schools	 (accessibility),	
increasing	 the	 proportion	 of	 successful	 sets	 (vulnerability)	 and	 facilitating	 location	 of	 tuna	 schools	
(detectability)	(Fonteneau	et	al.,	2013).	As	FOBs	reduce	the	time	dedicated	to	randomly	search	for	schools	
of	 tunas,	 traditional	measures	of	 fishing	effort,	 such	as	days	at	sea	or	 fishing	 time	are	 inappropriate	 for	
tropical	tuna	purse	seiners.	This	complicates	the	definition	of	 indices	of	Catch	Per	Unit	Effort	(CPUE)	to	
assess	 the	 stocks	 of	 skipjack,	 yellowfin	 and	 bigeye	 tuna	 in	 RFMOs.	 In	 the	 absence	 of	 an	 appropriate	
measure	 of	 fishing	 effort,	 tuna	RFMOs	mostly	 rely	 on	 indices	 based	 on	 longliners	 for	 the	 evaluation	 of	
skipjack,	 yellowfin	 and	 bigeye	 stocks.	 In	 addition,	 crucial	 information	 on	 the	 use	 of	 FOBs,	 GPS	 buoys,	
support	vessels	and	changes	in	the	efficiency	of	purse	seiners	are	rarely	taken	into	account	and	sometimes	
even	not	required	by	tuna	RFMOs.	Since	the	1990s,	they	generally	assume	that	there	is	a	yearly	increase	of	
2%	to	3%	of	the	fishing	power	of	purse	seiners	(Gascuel	et	al.,	1993).	It	is	more	than	likely	that	after	more	
than	20	years,	this	assumption	has	become	incorrect.	
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In	recent	years,	considerable	attention	has	been	drawn	by	scientists	and	NGOs	on	the	negative	impacts	of	
FOB	 fishing.	 In	 response	 to	 the	 growing	 pressure	 for	 specific	management	 of	 FOBs,	 tuna	 RFMOs	 have	
started	adopting	FOB	regulations.	 In	the	Atlantic	and	the	Indian	Oceans,	purse	seine	fleets	have	now	an	
obligation	 to	 adopt	 “FAD	 management	 plans”	 (ICCAT	 Res	 15‐01,	 IOTC	 Res	 13‐08).	 Purse	 seine	 fleets	
should	report	various	information	on	their	use	of	FOBs	(types	of	FOBs,	types	of	tracking	devices,	numbers	
per	 year	 or	 quarter,	 etc.)	 and	 are	 responsible	 for	 managing	 their	 use.	 Nevertheless,	 these	 “FAD	
management	 plans”	 can	 take	 various	 forms	 depending	 on	 the	 fleet	 and	 are	 not	 real	 management	
measures.	More	recently,	the	IOTC	adopted	for	the	first	time	in	2015	a	limitation	on	the	number	of	active	
and	purchased	GPS	buoys	(Res.	15‐08),	soon	followed	by	the	ICCAT	(Rec	15‐01).	Whilst	these	decisions	
are	obviously	encouraging	steps,	a	wide	variety	of	other	management	tools	(e.g.	fleet	capacity	limitation,	
catch	quotas)	could	be	implemented.	Each	of	these	tools	may	have	a	different	efficacy,	depending	on	their	
relevance	 to	 address	 the	 issues	 of	 FOB	 fisheries	 but	 also	 due	 fast	 to	 changes	 in	 fishing	 behaviour.	 In	
theory,	 such	 management	 decisions	 should	 involve	 the	 various	 stakeholders	 of	 the	 fishery,	 including	
fishers	to	improve	their	success	(Jentoft	et	al.,	1998).		

	
Here,	we	combine	multiple	sources	of	information	on	the	use	of	FOBs	(GPS	buoy	tracks	of	FOBs,	logbook	
data,	 observer	 data,	 characteristics	 of	 EU	purse	 seiners,	 links	 between	purse	 seiners	 and	 their	 support	
vessels	as	well	as	interviews	with	purse	seine	skippers)	to	(i)	estimate	the	total	number	of	dFADs	used	by	
PS	fleets	of	the	Atlantic	and	Indian	Oceans	over	2007‐2013	(ii)	estimate	the	contribution	of	strategies	with	
FOBs	and	support	vessels	to	the	efficiency	of	EU	tropical	tuna	purse	seine	fleets	of	the	Atlantic	and	Indian	
Oceans	over	2003‐2014	and	 finally	 to	(iii)	understand	 the	perception	 that	 fishers	have	of	 the	 impact	of	
FOB	fisheries	and	management	in	order	to	propose	adapted	management	tools.	
 
 
2	 Understanding	the	use	of	dFADs	in	the	Atlantic	and	Indian	Oceans	
	
2.1	Using	fishers’	knowledge	to	guide	statistical	analyses	
	
Several	sources	of	quantitative	information	were	available	to	address	a	wide	variety	of	questions	on	the	
modalities	 of	 dFADs	 and	 GPS	 buoy	 use,	 their	 consequences	 and	 their	 management	 (Table	 1).	 These	
sources	of	information	included	among	others	an	exhaustive	dataset	of	the	positions	of	GPS	buoys	used	by	
the	French	purse	seine	fleet	in	the	Atlantic	and	Indian	oceans,	information	on	catches	of	EU	purse	seiners	
in	the	Atlantic	and	Indian	Oceans,	as	well	as	information	on	support	vessels	in	the	Indian	Ocean.	Available	
data	provided	complementary	but	not	always	overlapping	information,	due	to	partial	coverage	(e.g.	when	
data	was	only	available	for	the	French	fleet),	differences	in	spatio‐temporal	scales	(e.g.	GPS	buoy	data	was	
provided	on	a	varying	time	scale),	or	the	different	nature	of	the	activities	that	these	data	were	describing	
(e.g.	 observer	 data	 provided	 information	 on	 all	 types	 of	 activities	 on	 FOBs	 while	 logbook	 data	 only	
provided	 information	on	 fishing	 sets).	 To	 overcome	 the	 inevitable	 difficulties	 of	 combining	 these	many	
different	 sources	of	 information,	 fishers’	 knowledge	was	 gathered	 to	 eliminate	wrong	assumptions	 and	
guide	statistical	analyses.	

	
14	French	speaking	skippers	(including	2	French	skippers	working	for	a	Spanish	company	and	1	Spanish	
skipper),	having	a	long	experience	of	the	functioning	of	the	fishery	in	the	Indian	Ocean,	were	interviewed	
in	 June	 and	 July	2013,	 on	 their	 arrival	 in	Port	Victoria	 (Seychelles).	 Interviews	were	 conducted	aboard	
purse	 seiners	 as	 informal	 discussions.	 Rather	 than	 following	 a	 questionnaire,	 the	 guide	 of	 interview	
consisted	of	open‐ended	questions	supplemented	with	examples	of	closed‐ended	questions	only	used	to	
rephrase	or	clarify	the	discussion	(Table	2).	Among	others,	these	interviews	provided	useful	information	
to	 describe	 the	 strategies	 of	 FOB	 deployment	 by	 purse	 seiners	 and	 to	 examine	 changes	 in	 fishing	
strategies.	They	also	suggested	a	strong	increase	in	the	use	of	dFADs	and	GPS	buoys.	
	
2.2	Strategies	in	dFAD	and	GPS	buoy	deployment	
	
Semi‐structured	 interviews	 of	 skippers	 provided	 some	 insights	 into	 deployment	 decision	 making.	 We	
discussed	with	skippers	about	the	conditions	that	determined	a	deployment	of	a	dFAD	or	of	a	GPS	buoy	on	
a	FOB	already	drifting	at	sea.	We	identified	the	seasonality	and	the	use	of	oceanic	currents	as	key	factors	
for	these	deployments	and	used	French	GPS	buoy	data	to	identify	GPS	buoy	deployment	seasons	and	FOB	
drift	patterns.		
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A	deployment	season	was	defined	as	a	group	of	successive	months	with	similar	relative	spatial	patterns	of	
GPS	 buoy	 deployments.	 Mean	monthly	 maps	 density	 maps	 of	 GPS	 buoy	 deployments	 over	 2007‐2013	
(resolution	 1	 degree)	 were	 used	 in	 a	 cluster	 analysis	 to	 determine	 GPS	 buoy	 deployment	 seasons	
(Figure	1,	 Maufroy	 et	 al.,	 2017).	 In	 the	 Atlantic	 Ocean,	 four	 seasons	 were	 detected,	 with	 deployments	
occurring	 in	 three	 main	 areas:	 January‐February	 (Gulf	 of	 Guinea),	 March	 to	 May	 (Senegal),	 June	 to	
September	(Gulf	of	Guinea	and	Gabon)	and	October	to	December	(Gulf	of	Guinea).	In	the	Indian	Ocean,	GPS	
buoy	deployments	moved	clockwise	on	four	distinct	deployment	grounds	corresponding	to	four	distinct	
deployment	seasons:	March	to	May	(Mozambique	Channel),	June	to	July	(Tanzania	and	Kenya),	August	to	
October	(Somalia)	and	finally	November	to	February	(SE	Seychelles).		
	
In	 2013,	 due	 to	 relatively	 restricted	 numbers	 of	 GPS	 buoys,	 French	 skippers	 indicated	 that	 they	 were	
selective	 in	 their	GPS	buoy	deployments,	 avoiding	deploying	GPS	buoys	 in	areas	where	 currents	would	
extract	FOBs	from	fishing	grounds	and	mainly	deploying	dFADs	and	GPS	buoys	where	they	were	actively	
fishing.	Measures	of	the	correlation	between	French	FOB	deployment	and	French	FOB	fishing	confirmed	
that	deployment	and	fishing	on	FOBs	were	correlated	in	time	and	space	for	the	French	fleet	over	2007‐
2013	(Maufroy	et	al.,	2017).	Speed	vectors	of	GPS	buoy	equipped	FOBs	were	used	to	represent	seasonal	
drift	patterns	over	2007‐2013	(Figure	2).		
	
Two	main	behaviours	were	identified	as	French	purse	seiners	either	avoided	(e.g.	 in	the	Atlantic	Ocean,	
deployments	 occurred	 close	 to	 the	 coast	 all	 along	 the	 year	 to	 avoid	 the	 strong	 eastern	 currents)	 or	
targeted	some	currents	(e.g.	in	the	Indian	Ocean,	GPS	buoys	were	deployed	off	Tanzania	and	Kenya	with	
the	 objective	 of	 a	 northward	 drift,	 so	 that	 FOBs	 could	 reach	 the	 cold	 rich	 waters	 of	 the	 upwelling	 of	
Somalia).	
	
2.3	Recent	evolution	of	the	number	of	dFADs	and	GPS	buoys	
	
Skippers	also	suggested	a	strong	increase	in	the	use	of	FOBs	as	well	as	important	differences	among	EU	
purse	seine	fleets.	Despite	the	recent	implementation	of	FAD	management	plans	by	ICCAT	and	IOTC	and	
their	 recent	 limitations	 of	 the	 number	 of	 active	 GPS	 buoys	 (ICCAT	 Recommendation	 15‐01;	 IOTC	
Resolution	15/08),	it	is	still	difficult	to	evaluate	how	many	dFADs	and	GPS	buoys	are	in	use	in	the	Atlantic	
and	 Indian	 Oceans.	 In	 a	 context	 of	 growing	 concerns	 for	 tropical	 tunas	 and	 pelagic	 ecosystems,	 these	
estimates	are	yet	necessary	for	a	proper	management	of	the	FOB	fishery	(Fonteneau	and	Chassot,	2014).	
Prior	studies	have	attempted	to	provide	such	estimates	but	they	were	based	on	few	information,	did	not	
separate	dFADs	from	logs	nor	did	they	account	for	spatio‐temporal	variability	in	FOB	use	(Ménard	et	al.,	
2000;	 Baske	 et	 al.,	 2012).	 Following	 the	 interviews,	 tracks	 of	 French	 GPS	 buoys	 were	 combined	 with	
observations	of	GPS	buoy‐equipped	FOBs	aboard	French	and	Spanish	purse	seiners	to	estimate	the	total	
number	 of	 dFADs	 and	 GPS	 buoys	 used	 within	 the	 main	 fishing	 grounds	 over	 the	 period	 2007‐2013	
(Maufroy	et	al.,	2017).	In	the	Atlantic	and	Indian	Oceans,	the	total	number	of	GPS	buoy‐equipped	dFADs	
continuously	increased	over	2007‐2013	(Figure	3).	
	
In	the	Atlantic	Ocean,	estimates	of	dFAD	and	GPS	buoy	use	per	reached	approximately	1175	dFADs	and	
1290	GPS	buoys	per	day	in	January	2007.	These	numbers	increased	to	reach	8575	dFADs	and	8860	GPS	
buoy	equipped	FOBs	per	day	in	August	2013.	On	average,	this	represented	an	increase	in	the	use	of	dFADs	
of	a	factor	of	7.0.	Differences	were	observed	among	fleets,	the	Spanish,	French	and	non‐European	PS	fleets	
accounting	for	74.3,	8.3	and	17.4%	of	dFADs	actively	monitored	by	purse	seine	fleets	in	the	Atlantic	Ocean	
in	2013.	In	the	Indian	Ocean,	we	estimated	that	2250	dFADs	and	2680	GPS	buoys	were	used	at	the	end	of	
October	2007.	September	was	 the	main	month	of	use	of	FOBs	 in	2013,	with	estimates	of	10	300	dFADs	
and	10	930	active	GPS	buoys.	Our	estimates	indicate	that	the	use	of	dFADs	has	been	multiplied	by	a	factor	
of	 4.2	 over	 2007‐2013.	 Again,	 differences	 between	 purse	 seine	 fleets	were	 observed,	 the	 Spanish	 fleet	
using	more	dFADs	(87.5%	in	2013)	than	the	French	fleet	(10.2%)	and	non‐European	PS	fleets	(2.3%).	
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3	 Contribution	of	FOBs	and	support	vessels	to	an	increased	fishing	efficiency	
	
3.1	Definitions	and	data	sources	
	
Strategies	and	efficiency	of	tropical	tuna	purse	seiners	
	
Monitoring	and	managing	FOB	fisheries	does	not	only	require	information	on	the	number	of	FADs	drifting	
at	sea	or	on	the	number	of	GPS	buoys	active	on	dFADs	or	logs.	Appropriate	information	is	also	required	to	
understand	why	and	how	PS	fleets	are	using	these	increasing	numbers	of	dFADs	and	GPS	buoys,	as	well	as	
the	consequences	of	this	increasing	use.	This	is	particularly	necessary	as	the	contribution	of	FOBs	to	the	
fishing	strategies	of	purse	seiners	has	not	been	extensively	examined	in	the	past,	though	this	may	affect	
their	 fishing	 efficiency	 (Le	 Gall,	 2000).	 Purse	 seiners	 combine	 two	 different	 métiers,	 either	 targeting	
skipjack	 tuna	under	FOBs	or	 large	yellowfin	 tuna	 in	Free	Swimming	Schools	 (FSC).	 In	2013,	 interviews	
with	 skippers	 confirmed	 that	 FSC	 and	 FOB	 activities	 are	 not	 separated	 in	 time	 and	 space.	 Fishing	
strategies	were	therefore	defined	as	the	relative	contribution	of	FOB	and	FSC	activities	on	the	medium‐
term	 (Torres‐Irineo	 et	 al.,	 2014).	 Changes	 in	 fishing	 strategies	 were	measured	with	 the	 proportion	 of	
fishing	sets	on	FOBs	per	month.		

	
Fishing	 efficiency	 was	 measured	 with	 five	 different	 statistics	 (Table	 3).	 We	 assumed	 that	 the	 main	
objective	of	 fishing	activities	 is	 to	maximize	 catches,	whilst	minimizing	 the	 time	at	 sea	 (measured	with	
CPUE1),	 the	number	of	 fishing	sets	(CPUE2),	and	fuel	consumption	(using	travelled	distance	as	a	proxy,	
CPUE3).	Fishing	efficiency	also	relates	to	the	size	of	fishing	sets	(CPUE2),	the	frequency	of	fishing	sets	(to	
avoid	 long	 periods	without	 fishing,	 SPUE)	 and	 travelled	 distance	 (to	 increase	 the	 size	 of	 search	 areas,	
DPUE).		
	
Vessel	characteristics,	use	of	support	vessels	and	logbook	data	
	
Different	 sources	 of	 information	 were	 available	 to	 measure	 changes	 in	 fishing	 strategies	 and	 fishing	
efficiency.	Information	on	the	size	of	EU	purse	seiners	active	at	least	one	month	in	the	Atlantic	and	Indian	
Oceans	were	available	over	2003‐2014.	4	categories	of	vessel	size	were	built	(41.4‐58	m,	59‐72	m,	73‐94	
m,	95‐116.2	m)	and	separated	between	French	and	Spanish	fleets.	An	additional	category	was	added	for	
one	of	the	French	fishing	companies	of	the	Indian	Ocean	known	to	have	a	specific	FSC	strategy	(category	
“73‐94	m	+	FSC”).	

	
The	 link	 between	 purse	 seiners	 and	 support	 vessels	 of	 the	 Indian	 Ocean	 during	 2003‐2014	 was	
established	 through	 Seychelles	 fishing	 licences	 and	 individual	 logbooks	 of	 support	 vessels	 under	 the	
Seychelles	 flag.	 A	 factor	 variable	 “support	 time”	was	 built,	with	 4	 categories	 of	 purse	 seiners:	 0,	 if	 the	
purse	seiner	did	not	have	a	support	vessel;	1/3	if	the	purse	seiner	shared	the	support	vessel	with	2	other	
purse	seiners;	1/2	 if	 the	purse	seiner	shared	the	support	vessel	with	another	purse	seiner;	and	1	 if	 the	
purse	seiner	had	its	own	support	vessel.	This	information	was	not	available	in	the	Atlantic	Ocean.	

	
Finally,	logbook	data	were	available	for	the	French	and	the	Spanish	purse	seine	fleets	from	2003	to	2014	
in	 the	 Atlantic	 and	 the	 Indian	 Oceans.	 These	 data	 were	 aggregated	 by	 month,	 approximately	
corresponding	to	the	average	duration	of	a	fishing	trip,	so	as	to	carry	the	analyses	at	the	scale	of	fishing	
strategies.	These	data	were	used	to	calculate	the	proportion	of	fishing	sets	on	FOBs	as	well	as	the	different	
measures	of	efficiency	(see	Table	3).	
	
3.2	Fast	changes	in	tropical	tuna	purse	seiners’	strategies	with	FOBs	
	

Generalized	 Linear	Models	 (GLMs)	were	 used	 to	 explain	 fishing	 strategy	 as	 a	 function	 of	 the	 year,	 the	
month,	vessel	characteristics	and	the	use	of	support	vessels	(Maufroy	et	al.,	in	preparation).	In	the	Atlantic	
and	Indian	Oceans,	the	proportion	of	fishing	sets	on	FOBs	gradually	increased	over	2003‐2014,	indicating	
that	 the	 FOB	 strategy	 progressively	 became	 more	 important	 than	 the	 FSC	 strategy	 (Figure	 4).	 The	
proportion	of	fishing	sets	on	FOBs	was	generally	higher	in	the	Indian	Ocean	than	in	the	Atlantic	Ocean.	In	
2003,	 European	Union	purse	 seiners	made	41.8%	 (SD	 among	 vessels	 of	 13.2)	 and	50.9	%	 (SD	19.8)	 of	
their	 fishing	 sets	 on	 FOBs	 in	 the	 Atlantic	 and	 Indian	 Oceans,	 respectively.	 In	 2014,	 these	 proportions	
reached	 59.0%	 (SD	 17.6)	 and	 70.6%	 (SD	 16.7),	 representing	 a	 relative	 increase	 of	 41.1%	 and	 38.7%	
respectively.		
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As	suggested	by	skippers	interviewed	in	2013,	differences	in	strategies	with	FOBs	were	observed	between	
small	and	large	purse	seiners,	between	EU	purse	seine	fleets	and	between	purse	seiners	with	or	without	a	
support	 vessel.	 The	proportion	of	 fishing	 sets	 on	FOBs	 increased	with	 the	 length	 of	 purse	 seiners,	was	
higher	 for	 the	Spanish	 fleet	 than	 for	 the	French	 fleet	 and	 increased	 for	purse	 seiners	benefiting	 from	a	
support	 vessel.	 In	 the	 Atlantic	 Ocean,	 French	 and	 Spanish	 purse	 seiners	 respectively	made	 39.2%	 (SD	
13.2)	and	58.9%	(SD	12.8)	of	their	fishing	sets	on	FOBs	over	2003‐2014	(Figure	5).	In	the	Indian	Ocean,	
Spanish	purse	seiners	were	also	significantly	more	specialized	in	FOB	fishing	with	63.0%	of	fishing	sets	on	
FOBs	(SD	21.0)	against	53.3%	for	French	purse	seiners	 (SD	21.8).	Unsurprisingly,	vessels	of	 the	French	
fishing	company	known	to	target	FSC	had	the	lowest	proportion	of	fishing	sets	on	FOBs	(47.8%,	S.D.	21.4).		
	
There	was	no	clear	linear	relationship	between	the	proportion	of	fishing	sets	on	FOBs	and	support	time.	
However,	purse	seiners	benefiting	 from	a	support	vessel	 (support	 time	1/3,	1/2	or	1)	made	61.0%	(SD	
21.6)	of	 their	 fishing	 sets	on	FOBs	against	55.2%	 (SD	21.9)	 for	purse	 seiners	without	 a	 support	 vessel.	
Similar	results	could	not	be	obtained	in	the	Atlantic	Ocean	where	information	on	support	vessels	was	not	
available.	
	
3.3	Evolution	of	the	efficiency	of	tropical	tuna	purse	seiners	
	
Factors	affecting	the	individual	efficiency	of	tropical	tuna	purse	seiners	
	
Generalized	 Linear	 Mixed	 Models	 (GLMMs)	 were	 used	 to	 explain	 the	 five	 dimensions	 of	 the	 fishing	
efficiency	of	individuals	purse	seiners	as	a	function	of	the	year,	the	month,	vessel	characteristics,	the	use	
of	support	vessels	and	the	proportion	of	fishing	sets	on	FOBs	(Maufroy	et	al.,	in	preparation).	Overall,	the	
models	 indicated	that	the	 largest	purse	seiners	were	the	most	efficient.	Such	effect	of	 the	size	of	 fishing	
vessels	have	long	been	described	in	various	other	fisheries	(e.g.	Marchal	et	al.,	2001).	More	interestingly,	
increasing	the	use	of	FOBs	had	a	significant	positive	effect	on	the	catch	per	day	(CPUE1),	catch	per	fishing	
set	(CPUE2)	and	travelled	distance	(DPUE)	while	the	catch	per	travelled	distance	(CPUE3)	and	the	number	
of	fishing	sets	per	day	(SPUE)	decreased	(Table	4).	In	the	Indian	Ocean	for	example,	an	increase	of	1%	in	
the	proportion	of	fishing	sets	on	FOBs	improved	the	catch	of	purse	seiners	of	0.18%	per	day	and	0.44%	
per	 fishing	 set	while	 the	number	of	 fishing	 sets	decreased	of	0.28%,	probably	due	 to	 less	 frequent	null	
fishing	sets	(as	the	frequency	of	null	fishing	sets	is	higher	on	FSC,	Fonteneau	et	al.,	2000).		
	
Specific	strategies	of	fishing	companies	and	fishing	fleets	also	had	an	effect	on	the	efficiency	of	individual	
tropical	tuna	purse	seiners.	In	the	Indian	Ocean	for	example,	purse	seiners	of	the	French	fishing	company	
known	to	target	more	FSC	were	generally	less	efficient	(in	terms	of	total	catch	but	not	necessarily	in	terms	
of	the	price	of	their	catch)	than	other	French	purse	seiners	of	the	same	size.	Their	efficiency	decreased	of	
19.1%	in	terms	of	catch	per	day,	25.8%	in	terms	of	catch	per	distance	and	21.5%	in	terms	of	and	fishing	
sets	per	day.	In	addition,	Spanish	purse	seiners,	that	were	found	to	be	more	specialized	in	FOB	fishing	(see	
section	3.2),	were	more	 efficient	 than	French	purse	 seiners	of	 the	 same	 size	 in	 terms	of	 catch	per	day,	
catch	per	fishing	set	and	travelled	distance,	but	their	efficiency	decreased	in	terms	of	catch	per	travelled	
distance	and	fishing	sets	per	day.	
	
Overall,	 these	 results	 indicate	 that	 purse	 seiners	 increasing	 their	 use	 of	 FOBs	 were	 more	 efficient	 at	
maximizing	 their	 catches	 by	 decreasing	 the	 number	 of	 null	 fishing	 sets	 due	 to	 FSC	 fishing	 (SPUE)	 and	
undertaking	regular	fishing	sets	(CPUE1	and	CPUE2).	However,	the	increasing	travelled	distances	(DPUE)	
may	 not	 indicate	 that	 purse	 seiners	 have	 become	 more	 efficient,	 especially	 as	 their	 efficiency	 was	
decreasing	in	terms	of	catch	per	distance	(CPUE3).	On	the	contrary,	this	may	indicate	that	purse	seiners	
were	traveling	longer	distances	from	FOB	to	FOB	to	catch	similar	amounts	of	fish.	
	

Finally,	the	use	of	support	vessels	had	a	significant	effect	on	the	efficiency	of	individual	tropical	tuna	purse	
seiners	of	the	Indian	Ocean	over	2003‐2014,	except	in	terms	of	travelled	distance	(DPUE,	Figure	6).	Purse	
seiners	 benefiting	 from	 their	 own	 support	 vessel	 (support	 time	 =	 1)	made	 12.3%	more	 catch	 per	 day	
(CPUE1),	 15.3%	 more	 catch	 per	 fishing	 set	 (CPUE2)	 and	 12.3%	 more	 catch	 per	 distance	 (CPUE3)	
compared	to	purse	seiners	without	support	vessel	(support	time	=	0).	In	terms	of	numbers	of	fishing	sets	
per	day	(SPUE),	there	was	no	clear	relationship	between	the	efficiency	of	tropical	tuna	purse	seiners	and	
support	time,	the	most	efficient	purse	seiners	being	those	sharing	their	support	vessel	with	another	purse	
seiner	(support	time	=	½,	+7.0%	fishing	sets	per	day)	and	the	least	efficient	being	those	with	a	full	time	
support	vessel.		
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Indices	of	total	efficiency	of	tropical	tuna	purse	seine	fleets	
	
The	results	of	the	GLMMs	were	then	used	to	measure	changes	in	the	total	fishing	efficiency	of	EU	purse	
seine	 fleets	of	 the	Atlantic	and	 Indian	Oceans	over	2003‐2014	(O’Neill	and	Leigh,	2007).	 In	 the	Atlantic	
and	Indian	Oceans,	the	total	efficiency	of	the	tropical	tuna	purse	seine	fleets	 increased	in	terms	of	catch	
per	day	(CPUE1),	catch	per	fishing	set	(CPUE2),	catch	per	distance	(CPUE3),	fishing	sets	per	day	(SPUE)	
and	 travelled	 distance	 (DPUE).	 Among	 the	 5	 dimensions	 of	 fishing	 efficiency,	 the	 catch	 per	 fishing	 set	
increased	 fastest	 in	 the	 two	 oceans	with	 an	 increase	 of	 18.8%	 in	 the	 Atlantic	 Ocean	 and	 26.3%	 in	 the	
Indian	Ocean	in	11	years,	representing	an	annual	increase	of	1.6%	and	2.2%	respectively.	The	frequency	
of	 fishing	 sets	 remained	 almost	 constant	 in	 the	Atlantic	Ocean	with	 an	 increase	 of	 +0.8%	and	 strongly	
decreased	in	the	Indian	Ocean	with	a	variation	of	‐9.4%	(Figure	7).		
	
Though	changes	in	the	structure	of	the	fleet	partly	explains	this	evolution	(as	the	size	of	purse	seiners	is	
increasing	over	 time	and	 larger	purse	seiners	are	often	the	most	efficient),	 the	use	of	FOBs	also	greatly	
contributed	 to	 the	 increasing	 fishing	 efficiency	 of	 EU	 PS	 fleets.	 In	 terms	 of	 catch	 per	 fishing	 set	 for	
example,	strategies	with	FOBs	contributed	to	an	increase	of	the	total	efficiency	of	tropical	tuna	purse	seine	
fleets	of	7.0%	in	the	Atlantic	Ocean	and	15.4%	in	the	Indian	Ocean.	In	the	Indian	Ocean,	support	vessels	
contributed	to	an	increase	of	5.7%.	
	
	
4	 Managing	the	increasing	use	of	FOBs	and	its	consequences		
	
4.1	Confronting	results	to	fishers’	perception	to	identify	potential	management	tools	
	
In	recent	years,	FOB	fisheries	have	undergone	dramatic	changes	with	a	fast	increase	in	the	use	of	dFADs	
and	 GPS	 buoys,	 an	 increasing	 contribution	 of	 FOBs	 to	 PS	 fishing	 strategies	 and	 an	 increasing	 fishing	
efficiency	 of	 PS	 fleets.	Over	 time,	 various	 issues	 have	 been	 raised	 regarding	 the	 various	 impacts	 of	 the	
increasing	use	of	FOBs	(fishing	effort,	bycatch,	ghost	fishing,	etc.).	As	a	single	management	tool	is	unlikely	
to	 address	 all	 these	 issues	 at	 the	 same	 time,	 managing	 FOB	 fisheries	 requires	 a	 prioritization	 of	
management	objectives.	The	practical	knowledge	that	fishers	have	of	fisheries	can	be	a	valuable	source	of	
information	 to	make	 such	management	decisions	 (Jentoft	et	al.,	 1998;	Neis	et	al.,	 1999;	 Johannes	et	al.,	
2000;	Moreno	et	al.,	2007).		

	
In	2013,	fishers’	knowledge	had	been	used	to	improve	scientific	knowledge	on	the	use	of	FOBs	by	purse	
seiners.	From	August	to	September	2015,	the	results	of	the	ongoing	research	conducted	were	presented	to	
15	French	skippers	arriving	in	the	port	of	Victoria	(among	which	6	had	participated	in	the	interviews	in	
2013).	 The	 objective	 of	 these	 additional	 interviews	 was	 to	 confront	 the	 knowledge	 derived	 from	
quantitative	 data	 to	 fishers’	 perception	 on	 the	 impacts	 and	 the	 existing	management	 of	 the	 fishery,	 in	
order	 to	 propose	 adapted	 management	 tools	 (Table	 5).	 Among	 others,	 seasons	 of	 dFAD	 deployment,	
estimates	of	dFAD	use	and	dFAD	beaching	were	presented	to	skippers.	Results	on	fishing	strategies	and	
fishing	efficiency	were	not	available	at	this	stage	and	were	replaced	with	simplified	information	(e.g.	the	
yearly	 catch	 per	 French	 purse	 seiner	 since	 the	 1980s	 that	 remained	 stable	 in	 recent	 years	 though	 the	
number	of	dFADs	was	increasing).		

	
In	addition,	two	years	after	the	first	interviews,	important	changes	had	occurred	for	FOB	fisheries	of	the	
Indian	Ocean.	Since	2014,	pressure	for	the	management	of	FOB	fishing	had	increased	with	NGO	anti‐FOB	
campaigns.	In	2015,	important	decisions	had	been	made	to	limit	the	number	of	active	GPS	buoys	to	550	
per	purse	seiner	 in	 the	 Indian	Ocean	 [Res	15‐08].	At	 the	same	time,	French	 fishing	companies	 that	had	
restricted	their	use	of	GPS	buoys	to	200	per	year	and	per	vessel	since	2012,	were	about	to	abandon	this	
voluntary	 limitation	 (as	 this	was	more	 restrictive	 than	 the	 IOTC	 limitation)	and	 to	use	 support	vessels.	
The	opinion	of	skippers	on	these	changes	was	also	solicited.		
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4.2	Skippers’	perception	of	the	recent	changes	in	the	use	of	FOBs	in	the	Indian	Ocean	
	
French	 skippers	 confirmed	 the	 increasing	 use	 of	 FOBs	 by	 French	 fishing	 purse	 seiners	 identified	 by	
Maufroy	et	al.	(2017).	Although	69.2%	of	interviewed	skippers	were	not	in	favour	of	the	recent	decision	of	
French	fishing	companies	to	increase	their	use	of	GPS	buoys,	80%	of	them	also	considered	that	they	did	
not	have	any	alternative.	12	skippers	on	15	thought	 this	was	necessary	to	compensate	 for	an	 increased	
competition	with	the	more	efficient	Spanish	purse	seiners	using	more	FOBs	and	benefiting	from	support	
vessels	 (Figure	8).	 Then	 came	 considerations	 on	 potential	 improvement	 of	 their	 catches	 (7	 skippers),	
compensation	 for	GPS	buoys	 lost	outside	fishing	grounds	or	FOBs	appropriated	by	other	 fishing	vessels	
(6	skippers),	relative	inefficiency	of	fishing	on	FSC	compared	to	FOB	fishing	(5	skippers)	and	the	virtual	
absence	of	management	of	FOBs	(4	skippers).	These	answers	confirmed	that	PS	fleets	have	increased	their	
use	of	dFADs	(see	sections	2.3	and	3.2)	to	improve	their	fishing	efficiency	(see	section	3.3).	
	
4.3	Skippers’	perception	of	the	impacts	of	the	increasing	use	of	FOBs	
	
How	do	skippers	perceive	the	impacts	of	dFADs	on	sensitive	species	and	habitats?	
	
In	 recent	 years,	 considerable	 attention	 has	 been	 drawn	 on	 the	 effects	 of	 dFADs	 on	 sensitive	 species	
(e.g.	issues	of	bycatch	and	ghost	fishing;	Anderson	et	al.,	2009;	Amandè	et	al.,	2011,	2012;	Filmalter	et	al.,	
2013)	and	sensitive	habitats	(e.g.	beaching	of	dFADs;	Balderson	and	Martin,	2015;	Maufroy	et	al.,	2015).	In	
2015,	French	skippers	were	seemingly	 less	concerned	with	the	 impacts	of	FOBs	on	bycatch	species	and	
marine	 ecosystems	 than	 for	 tropical	 tunas.	 Most	 skippers	 indicated	 that	 issues	 of	 bycatch	 and	 ghost	
fishing	were	minor	ones	for	the	purse	seine	fishery,	due	to	relatively	low	volumes	of	bycatch	(6	skippers),	
efforts	to	discard	fish	alive	(4	skippers)	and	to	use	non‐entangling	dFADs	(6	skippers).	Most	of	them	also	
had	the	 impression	to	have	made	significant	effort,	by	discarding	sensitive	species	alive	and	using	non‐
entangling	dFADs.	They	also	had	differing	points	of	view	regarding	the	severity	on	the	 impacts	of	dFAD	
beaching	events,	as	approximately	1/3	of	them	considered	that	these	impacts	were	low,	1/3	considerate	
they	were	moderate	and	1/3	considered	they	were	high	depending	on	their	perception	of	 the	nature	of	
these	impacts	(pollution,	destruction	of	coral	reefs,	cost	of	lost	GPS	buoys,	negative	image	of	PS	fleets).	
	
How	do	skippers	perceive	the	impacts	of	dFADs	on	the	behaviour	of	tropical	tunas?	
	
Among	the	potential	effects	of	FOBs,	assumptions	regarding	the	alteration	tuna	behaviour	were	discussed	
with	skippers	(Figure	9).	First,	the	idea	that	the	increasing	use	of	dFADs	may	contribute	to	an	ecological	
trap	(Marsac	et	al.,	2000;	Hallier	and	Gaertner,	2008),	by	trapping	tunas	in	suboptimal	zones,	where	their	
condition	factors	decrease	(Ménard	et	al.,	2000)	and	their	natural	feeding	migrations	are	altered	(Marsac	
et	 al.,	 2000)	 was	 proposed	 to	 skippers.	 Most	 skippers	 rejected	 this	 assumption.	 However,	 7	 skippers	
indicated	 that	 Free	 Swimming	 Schools	 of	 tunas	 were	 progressively	 disappearing,	 while	 5	 of	 them	
indicated	that	tuna	migrations	seemed	altered,	at	least	on	short	time	scales.		
	

Second,	 the	potential	 fragmentation	of	 tuna	 schools	between	FOBs	was	discussed	 (Sempo	et	al.,	 2013).	
Half	 of	 the	 skippers	 agreed	 that	 the	 situation	 existed	 or	 could	 exist	 while	 the	 other	 half	 rejected	 this	
possibility	(Figure	9).	On	the	contrary,	most	of	them	had	observed	a	high	proportion	of	FOBs	without	fish	
and	a	greater	instability	of	schools	that	constantly	moved	from	one	FOB	to	the	other,	indicating	possible	
shorter	 time	 of	 residence	 under	 FOBs.	 During	 these	 discussions,	 skippers	 also	 explained	 the	 apparent	
decrease	in	the	size	of	schools	in	catch	data	by	improving	technological	means	allowing	to	detect	smaller	
schools	of	tunas	(7	skippers)	and	a	diminution	of	the	preferred	minimal	size	of	schools	to	set	the	net	(9	
skippers).	
	

Can	the	increasing	use	of	FOBs	lead	to	overfishing?	
	

In	addition	to	these	potential	changes	in	the	behaviour	of	tropical	tunas,	we	simultaneously	presented	the	
evolution	of	catch	per	French	vessel	and	per	year	and	the	evolution	of	the	number	of	French	GPS	buoys.	
French	 skippers	 had	 diverse	 points	 of	 view	 regarding	 the	 absence	 of	 increase	 in	 their	 annual	 catches	
following	their	 increasing	use	of	FOBs.	Half	of	 the	skippers	 indicated	a	potential	degradation	of	 tropical	
tuna	 stocks	 (Figure	9),	 though	 their	 impressions	were	 almost	 always	 related	 to	 relatively	 low	 catches	
during	their	 last	 fishing	trip.	However,	they	provided	other	possible	explanations	such	as	the	increasing	
competition	 with	 the	 efficient	 Spanish	 purse	 seine	 fleet	 (8	 skippers	 on	 15)	 and	 the	 increasing	 use	 of	
echosounder	buoys	that	reduced	the	chances	to	find	tuna	under	FOBs	of	other	purse	seiners.	
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4.5	French	skippers’	perception	of	the	management	of	FOB	fisheries	
	
Why	should	we	manage	FOB	fisheries?	
	
Throughout	the	interviews,	French	skippers	had	the	opportunity	to	express	their	opinion	on	the	general	
management	of	the	fishery,	as	well	as	on	the	management	of	some	specific	issues	(see	previous	sections	
on	bycatch	and	FOB	fishing).	14	skippers	felt	there	was	a	need	to	manage	the	fishery,	primarily	because	
they	thought	there	were	too	many	dFADs,	GPS	buoys,	purse	seiners	and	support	vessels	(Figure	10).	Most	
skippers	were	concerned	about	the	future	of	the	fishery	and	their	future	catches	and	felt	that	management	
was	virtually	absent	(7	skippers).	However,	their	concerns	were	often	not	related	to	the	state	of	tropical	
tuna	stocks.	
	

The	 virtual	 absence	 of	management	 had	 created	 a	 strong	 resentment	 against	 other	 purse	 seine	 fleets.	
Many	French	skippers	thought	that	other	purse	seine	fleets	were	not	obliged	to	follow	the	same	rules	as	
French	 skippers	 (9	 skippers)	 and	 were	 even	 not	 complying	 with	 existing	 rules	 (10	 skippers).	 Though	
similar	regulations	obviously	apply	to	all	EU	purse	seiners,	this	resentment	may	be	explained	by	different	
factors.	 First,	 all	 French	 skippers	 indicated	 that	 other	 skippers	 benefited	 from	better	 fishing	 tools	with	
more	tracking	buoys	and	the	assistance	of	support	vessels.	Therefore,	they	were	more	efficient	and	French	
skippers	had	the	impression	that	there	was	an	increased	competition	to	get	their	share	of	catches.	Second,	
there	were	increasing	conflicts	between	French	purse	seiners	and	support	vessels	from	other	fleets,	as	8	
skippers	thought	support	vessels	would	steal	their	GPS	buoys	even	in	time‐area	closures	or	in	the	Somali	
EEZ.	Finally,	French	fishing	companies	had	decided	since	2012	to	limit	their	use	of	GPS	buoys	to	200	per	
purse	 seiner	 and	 per	 year	 (Decision	 Orthongel	 n°11,	 2011).	 This	 voluntary	 limitation	 had	 not	 been	
followed	by	other	purse	seine	fleets,	leading	to	a	further	impression	of	inequity	between	the	two	fleets.	

	

Is	a	limitation	of	the	use	of	GPS	buoys	an	appropriate	management	tool?	
	

13	of	the	15	skippers	agreed	that	regulating	the	use	of	dFADs	and	GPS	buoys	was	necessary	but	none	of	
them	thought	that	the	limitation	of	active	GPS	buoys	could	be	effective	(Figure	11).	They	felt	that	there	
was	 a	 high	 risk	 of	 non‐compliance,	 primarily	 due	 to	 unclear	 definitions	 in	 IOTC	Resolution	 15/08	 and	
issues	 in	 enforcement.	 They	were	 not	 sure	whether	 support	 vessels	were	 included	 in	 the	 limitation	 (5	
skippers)	 and	 wondered	 if	 purse	 seiners	 could	 hide	 a	 fraction	 of	 their	 GPS	 buoys	 by	 temporary	
deactivations	(4	skippers).	 	 In	order	 to	be	effective,	additional	regulations	should	be	adopted,	such	as	a	
limitation	 of	 the	 number	 of	 buoys	 purchased	 per	 year	 (3	 skippers,	 measure	 already	 included	 in	 Res	
15/08)	or	a	reduction	of	the	number	of	purse	seiners	(2	skippers)	and	support	vessels	should	be	included	
in	the	limitation	(2	skippers).	
	

Which	management	tools	would	be	best	adapted?	
	

In	 addition	 to	 a	 limitation	of	 the	number	of	 active	GPS	buoys,	 other	management	 tools	were	discussed	
with	skippers,	to	identify	those	that	would	be	best	adapted	to	the	fishery	and	the	conditions	to	make	them	
efficient.	 Results	 are	 summarised	 in	 Figure	 12	 and	 Table	 6.	 By	 order	 of	 importance,	 potential	
management	 included	 a	 regulation	of	 fleet	 capacity,	 support	 vessels,	 a	 limitation	of	 the	number	 of	GPS	
buoys,	catch	quotas,	and	no‐take	zones.	The	potential	for	a	ban	of	dFADs	was	also	discussed	but	strongly	
rejected	by	skippers.	They	disagreed	with	the	idea	that	dFADs	are	destructive	fishing	gears,	and	raised	the	
importance	of	canned	tuna.	In	addition,	they	highlighted	the	potential	difficulties	of	a	dFAD	ban	for	purse	
seiners	with	a	dominant	FOB	strategy,	due	to	 their	potential	 lack	of	knowledge	on	FSC	fishing	or	 to	the	
size	of	large	purse	seiners	that	mostly	rely	on	FOBs	to	be	profitable.	
	

During	the	interviews,	all	skippers	indicated	that	the	fishery	suffered	of	a	problem	of	excess	fishing	effort	
and	excess	fishing	capacity	due	to	an	excessive	number	of	purse	seiners	(8	skippers)	and	their	increasing	
size	 and	 capacity	 (6	 skippers).	 They	 generally	 considered	 that	 this	 problem	 of	 capacity	was	 somehow	
connected	to	the	increasing	use	of	dFADs,	GPS	and	echosounder	buoys,	and	support	vessels.	Though	they	
agreed	 that	decisions	should	be	made	 to	 control	 fishing	effort	and	capacity,	 they	also	 indicated	various	
conditions	that	would	reduce	the	efficiency	of	fleet	capacity	limitations.	First,	several	large	purse	seiners	
of	 the	 Eastern	 Pacific	 Ocean	 had	 recently	 left	 this	 ocean	 for	 the	 Indian	 Ocean,	 shifting	 the	 problem	 of	
capacity	 elsewhere.	 Second,	 the	 motivations	 of	 the	 governments	 of	 distant	 water	 fishing	 nations	 and	
coastal	 countries	 were	 questioned	 due	 to	 a	 possible	 race	 for	 fishing	 anteriority	 (in	 case	 catch	 quotas	
would	 be	 implemented,	 the	 objective	would	 be	 to	 have	more	 fishing	 vessels	 to	 have	 a	 larger	 share	 of	
TACs),	EU	subsidies	and	vessels	flying	flags	of	convenience.	



Joint	t‐RFMO	FAD	Working	Group	meeting	 			 													Doc.	No.	j‐FAD_17/2017	
April	10,	2017	(12:05	PM)	 	 	

 

Page	10	of	21	

French	skippers	also	indicated	that	were	growing	problems	with	the	use	of	support	vessels	and	73%	of	
them	agreed	to	the	suggestion	that	their	use	could	be	banned.	Most	of	the	time,	they	considered	that	there	
was	an	insufficient	control	of	these	vessels,	and	even	doubted	that	they	were	included	in	the	limitation	of	
550	GPS	buoys	per	vessel.	 In	addition,	 they	had	observed	high	rates	of	“theft”	of	 their	GPS	buoys	 in	the	
Somali	EEZ	for	example	(purse	seiners	don	not	fish	in	this	EEZ	since	the	beginning	of	the	issue	of	piracy)	
and	 attributed	 them	 to	 support	 vessels.	 However,	 French	 skippers	 also	 indicated	 that	 such	 a	 decision	
could	have	important	consequences	for	 large	purse	seiners	that	heavily	rely	on	FOBs	and	indicated	that	
French	fishing	companies	had	already	decided	to	invest	in	support	vessels.	
	
Then,	 the	 question	 of	 catch	 quotas	 was	 discussed.	 Half	 of	 the	 skippers	 considered	 that	 they	 were	 an	
appropriate	management	tool	for	the	fishery,	as	they	could	increase	tuna	market	prices,	improve	the	state	
of	 tropical	 tuna	 stocks	 or	 rebalance	 fishing	 effort	 between	 purse	 seine	 fleets.	 This	 tool	 has	 also	 been	
successful	 in	 other	 fisheries	 and	would	mechanically	 reduce,	 among	 other	 gears,	 the	 number	 of	 purse	
seiners,	 support	 vessels	 and	 dFADs.	 On	 the	 other	 hand,	 50%	of	 French	 skippers	 considered	 that	 catch	
quotas	 would	 not	 be	 a	 good	 solution.	 They	 discussed	 about	 the	 problem	 of	 allocation	 criteria	 and	
consensus,	 race	 for	 fishing	anteriority	and	economic	difficulties	 for	purse	 seiners	with	a	dominant	FOB	
strategy.		
	
Finally,	the	question	of	spatial	management	of	the	fishery,	that	has	been	the	main	tool	used	so	far	in	the	
Indian	Ocean	(Fonteneau	and	Chassot,	2014),	was	discussed.	French	skippers	provided	different	answers	
depending	on	the	area	that	was	considered.	They	generally	considered	that	the	past	IOTC	no‐take	area	of	
November	 and	 the	 Chagos	 Archipelago	MPA	 had	 little	 impact	 on	 the	 fishery	 because	 of	 inappropriate	
choice	of	 zones	 and	 seasons.	Purse	 seiners	 generally	 leave	 the	Somali	 fishing	ground	before	November	
and	target	Free	Swimming	Schools	in	the	vicinity	of	the	Chagos	Archipelago.	On	the	contrary,	though	the	
Somali	 EEZ	 is	 not	 strictly	 speaking	 a	 fishery	 closure,	 skippers	 considered	 that	 the	 absence	 of	 fishing	
agreements	 to	access	 this	area	(due	to	problems	of	piracy)	could	protect	 tuna	 juveniles.	However,	 their	
interest	in	the	zone	was	not	only	for	the	protection	of	juveniles,	as	they	also	indicated	that	they	could	hide	
their	GPS	buoy	equipped	FOBs	in	the	area	and	wait	for	them	on	the	border	of	the	EEZ	(in	a	typical	“fishing	
the	line”	strategy,	Kellner	et	al.,	2007).	
	
	
5	 Conclusions	and	recommendations	
	
5.1	The	success	of	the	FOB	strategy	over	the	FSC	strategy	
	
In	recent	years,	pressure	for	the	management	of	FOB	fisheries	has	 increased,	 leading	to	the	adoption	of	
various	management	measures	(e.g.	FAD	management	plans,	 limitation	of	the	number	of	active	tracking	
buoys,	 limitation	of	the	use	of	support	vessels).	However,	because	exhaustive	information	on	dFAD,	GPS	
buoy	and	support	vessel	use	is	rarely	available	to	scientists,	 it	 is	still	difficult	to	identify	changes	in	FOB	
use	 and	 to	 understand	 the	 consequences	 of	 these	 potential	 changes.	 In	 this	 study,	 using	 the	 first	
exhaustive	dataset	of	French	GPS	buoy	 tracks	 in	 the	Atlantic	 and	 Indian	Oceans,	we	 identified	 a	 strong	
increase	in	the	use	of	dFADs	by	all	PS	fleets,	that	was	multiplied	by	a	factor	of	7.0	in	the	Atlantic	Ocean	and	
a	factor	of	4.2	in	the	Indian	Ocean	over	2007‐2013.	Such	a	strong	increase	in	the	use	of	dFADs	had	been	
hypothesised	(Davies	et	al.,	2014a;	Fonteneau	and	Chassot,	2014)	but	could	not	be	verified	due	to	missing	
data.	Using	logbook	data	available	for	EU	purse	seine	fleets	over	the	period	2003‐2014	we	also	confirmed	
the	 increasing	 contribution	 of	 FOBs	 to	 the	 strategies	 of	 purse	 seiners	 of	 the	 two	 oceans,	 as	 fishers	
increased	their	proportion	of	fishing	sets	on	FOBs	at	an	annual	rate	of	3.2%	and	3.0%	in	the	Atlantic	and	
the	Indian	Oceans	respectively.	In	addition,	we	measured	the	contribution	of	the	FOB	strategy	and	the	use	
of	 support	 vessels	 to	 the	 different	 dimensions	 of	 the	 efficiency	 of	 tropical	 tuna	 purse	 seiners.	 Results	
indicate	 that	adopting	a	dominant	FOB	strategy	and	using	support	vessels	allowed	PS	 fleets	 to	 improve	
their	efficiency.	Finally,	during	this	period,	fishing	companies	progressively	redirected	their	investments	
towards	 a	 dominant	 FOB	 strategy	 with	 purse	 seiners	 of	 increasing	 size	 that	 rely	 on	 FOBs	 to	 reach	
profitability	(according	to	skippers	interviewed	in	2015).	
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Though	FSC	catches	are	generally	dominated	by	the	high	market	value	yellowfin	tuna	and	FOB	catches	by	
the	 lower	 market	 value	 skipjack	 tuna,	 all	 these	 results	 indicate	 that	 the	 FOB	 strategy	 progressively	
supplanted	the	FSC	strategy	since	the	beginning	of	the	2000s.	For	some	skippers,	being	able	to	‘hunt’	the	
large	 and	 fast	 yellowfin	 tunas	 may	 be	 more	 rewarding	 but	 is	 also	 more	 risky	 than	 ‘gathering’	 tuna	
‘cultivated’	at	FOBs,	even	though	this	may	result	in	lower	catches	(Guillotreau	et	al.,	2011).	However,	with	
higher	 success	 rates	 of	 fishing	 sets	 on	 FOBs	 (50%	 against	 90%)	 and	 higher	 catch	 rates	 than	 on	 FSC	
(Fonteneau	et	al.,	2013b),	the	FOB	strategy	may	become	more	profitable,	especially	when	the	market	price	
of	 yellowfin	 tuna	 is	 low.	This	may	be	 even	 truer	 for	Spanish	vessels	 for	which	 the	 remuneration	 is	not	
based	on	the	commercial	value	of	the	catch	but	on	the	tonnage	and	who	therefore	receive	little	economic	
incentive	to	catch	large	yellowfin	tuna	in	FSC.	Combined	with	a	progressive	deterioration	of	the	state	of	
yellowfin	tuna	stocks	in	the	Atlantic	and	Indian	oceans	(ICCAT,	2015;	IOTC,	2015),	 fishing	skipjack	tuna	
under	FOBs	had	all	the	chances	to	become	the	dominant	strategy.	
	
5.2	The	tragedy	of	the	commons:	once	again?	
	
During	 the	 interviews	 of	 2013	 and	 2015,	 purse	 seine	 skippers	 pointed	 out	 a	 general	 problem	 of	 over‐
capacity.	This	problem	is	not	a	new	one	for	tropical	tuna	fisheries	and	has	been	discussed	since	the	end	of	
the	1990s	 at	 least	 (Greboval	 and	Munro,	 1999;	Morón,	2007;	Reid	et	 al.,	 2005).	 In	2015,	 excess	 fishing	
capacity	 was	 related	 to	 an	 absence	 of	 direct	 regulation	 of	 the	 capacity	 of	 the	 fleet	 (number,	 size	 and	
carrying	capacity	of	purse	seiners)	but	also	an	absence	of	indirect	regulation,	through	a	control	of	support	
vessels	and	a	monitoring	of	FOB	use.	This	virtual	absence	of	efficient	regulation	seems	to	have	created	a	
generalized	race‐to‐fish	leading	to	a	race‐to‐dFADs.	This	situation,	well	known	in	open	access	fisheries	as	
the	 ‘Tragedy	 of	 the	 commons”	 (Hardin,	 1968)	 may	 have	 encouraged	 over‐investment	 during	 the	 last	
decade.	At	first,	the	increasing	number	of	dFADs	and	GPS	buoys	(Maufroy	et	al.,	2017)	contributed	to	an	
increase	in	the	size	of	purse	seiners,	as	building	larger	vessels	had	become	profitable	(Maufroy	et	al.,	 in	
preparation;	Le	Gall,	2000).	But	at	 the	same	time,	 these	 large	purse	seiners	became	dependent	on	their	
FOBs	 and	 support	 vessels	 and	 induced	 a	 competition	 with	 purse	 seiners	 who	 did	 not	 benefit	 from	
equivalent	FOB	fishing	tools.	
	
For	some	time,	French	fishing	companies	decided	to	set	an	auto‐limitation	of	their	use	of	GPS	buoys	in	the	
Atlantic	and	the	Indian	Ocean	(200	per	vessel	and	per	year).	This	was	rather	an	unexpected	decision	in	the	
absence	 of	 regulation.	 In	 this	 typical	 case	 of	 “Tragedy	 of	 the	 Commons”	 (Hardin,	 1968),	 each	 fishing	
company	 should	 normally	 choose	 to	 increase	 its	 use	 of	 FOBs	 to	 increase	 catches	 on	 the	 short	 term,	
regardless	of	the	consequences	for	tropical	tuna	stocks	on	the	long	term.	The	decision	of	the	IOTC	to	limit	
the	use	of	GPS	buoys	per	vessel	led	again	to	an	unexpected	decision	of	French	fishing	companies.	As	this	
number	was	rather	high	(550	buoys	per	day	 i.e.	5	 times	more	than	the	100	GPS	buoys	per	day	used	by	
French	purse	seiners,	Maufroy	et	al.	2017),	instead	of	reducing	the	general	use	of	FOBs,	this	contributed	to	
an	increase	in	the	use	of	GPS	buoys	by	French	purse	seiners.	French	skippers	explained	that	they	had	no	
other	 choice	 due	 to	 the	 competition	 with	 other	 purse	 seine	 fleets.	 This	 situation	 indicates	 that	 a	 sole	
management	of	the	use	of	FOBs	may	not	be	efficient,	if	other	components	of	fishing	efficiency	and	fishing	
capacity	are	not	regulated.	Though	only	skippers	of	the	Indian	Ocean	were	interviewed	in	2013	and	2015,	
similar	conclusions	may	be	drawn	for	the	Atlantic	Ocean.		

	
Since	2015	however,	encouraging	management	decisions	have	been	made.	They	include	a	more	restrictive	
limitation	on	the	number	of	active	tracking	buoys	in	the	Indian	Ocean	(from	550	to	425	GPS	buoys,	IOTC	
Res	15/08),	the	adoption	of	a	regulation	of	the	number	of	support	vessels	in	the	Indian	Ocean	(maximum	
1	 support	 vessel	 for	 2	 purse	 seiners,	 IOTC	 Res	 16/01),	 a	 limitation	 of	 yellowfin	 catches	 in	 the	 Indian	
Ocean,	 IOTC	Res	16/01)	and	the	adoption	of	a	 limitation	on	the	number	of	active	 tracking	buoys	 in	 the	
Atlantic	Ocean	(500	buoys	per	vessel,	ICCAT	Rec.	15‐01).	
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5.3	Improving	data	collection	and	FOB	management		
	
Though	 tropical	 tuna	 purse	 seine	 fisheries	 have	 been	 increasingly	 criticised	 about	 the	 impacts	 and	 the	
management	 of	 their	 numerous	 FOBs	 (Fonteneau	 and	 Chassot,	 2014),	 the	 results	 of	 the	 present	 study	
highlight	 the	 lack	 of	 crucial	 information	 to	 manage	 FOB	 fisheries.	 Among	 others,	 detailed	 GPS	 buoy	
positions	of	all	fleets	would	considerably	improve	the	monitoring	of	the	modalities	in	FOB	use	and	their	
consequences.	Obviously,	confidentiality	of	such	data	is	important	for	fishing	companies.	A	solution	would	
be	to	provide	anonymised	data,	aggregated	at	sufficiently	fine	spatio‐temporal	scales	(1°	and	1	month	for	
example)	 to	be	used	 for	scientific	purposes.	Another	solution	would	be	 to	provide	detailed	data	of	each	
fleet	to	corresponding	scientific	institutes	with	a	few	months	of	delay	(for	example	6	months	that	exceeds	
the	average	1‐2	month	lifespan	of	GPS	buoys,	(Maufroy	et	al.,	2015b).	This	last	solution	has	been	adopted	
by	the	French	purse	seine	fleet	and	the	IRD	since	2007.		
	
Similarly,	data	on	 the	collaboration	between	purse	seiners	and	 their	 support	vessels	 is	 rarely	available,	
even	to	tuna	RFMOs	in	stock	assessment	working	groups.	For	the	present	study,	we	only	had	access	to	this	
information	for	the	Indian	Ocean,	through	collaboration	with	the	Seychelles	Fishing	Authority.	Therefore,	
we	could	not	compare	the	results	we	obtained	for	the	Indian	Ocean	to	the	situation	of	the	Atlantic	Ocean.	
Getting	information	on	support	vessels	may	be	slightly	more	difficult	than	collecting	information	GPS	buoy	
use,	 as	 support	 vessels	 often	 operate	 under	 convenience	 flags.	 However,	 providing	 information	 on	 the	
number	 of	 support	 vessels	 and	 their	 activities	 is	 mandatory	 in	 tuna	 RFMOs.	 Ideally,	 this	 information	
should	be	routinely	provided	on	logbooks	of	support	vessels	and/or	on	logbooks	of	purse	seiners,	either	
at	the	scale	of	the	month	or	at	the	scale	of	the	fishing	trip.	
	
As	stated	previously,	tropical	tuna	fisheries	have	been	increasingly	criticised	about	their	numerous	FOBs.	
Since	the	beginning	of	the	2010s,	there	are	growing	pressures	on	tuna	consumers	and	seafood	brands	to	
avoid	tuna	caught	on	FOBs	(Davies	et	al.,	2015).	However,	prohibiting	dFAD	deployment	and	FOB	fishing	
would	be	a	rather	radical	solution	that	is	unlikely	to	be	adopted	by	tuna	RFMOs.	Such	a	decision	may	not	
be	suitable	as	fishing	on	FOBs	has	become	vital	to	tropical	tuna	purse	seine	fisheries	(Davies	et	al.,	2014b).	
Nevertheless,	the	increasing	criticism	of	FOB	fishing	may	indicate	that	tuna	RFMOs	have	failed	in	making	
the	appropriate	management	decisions	when	they	were	necessary.	Concerns	regarding	the	consequences	
of	FOB	use	have	been	discussed	at	least	since	the	1990s	(e.g.	Hallier	et	al.,	1992;	Stretta	et	al.,	1998)	and	
the	lack	of	data	to	measure	their	magnitude	has	been	pointed	out	at	least	since	the	2000s	(Fonteneau	et	
al.,	2000a;	Bromhead	et	al.,	2003).		

	
Encouraging	progress	have	been	made	with	 the	 implementation	of	FAD	management	plans	 (ICCAT	Res	
15‐01,	IOTC	Res	15‐09)	or	the	recent	limitation	of	the	number	of	GPS	buoys	in	the	Atlantic	and	the	Indian	
Oceans	 (ICCAT	 Res	 15‐01,	 IOTC	 Res	 15‐08).	 Yet,	 problems	 of	 overcapacity	 and	 overfishing	 are	 still	
insufficiently	addressed	by	these	recent	decisions.	In	particular,	interviews	with	French	skippers	revealed	
the	potential	counterproductive	effect	of	setting	a	too	high	limitation	on	the	number	of	active	GPS	buoys,	
especially	if	the	number	of	purse	seiners	is	not	regulated	at	the	same	time.	A	wide	variety	of	management	
tools	could	be	 implemented	depending	on	the	priorities	set	by	tuna	RFMOs	for	the	management	of	FOB	
fisheries.	Prioritisation	of	management	options	could	be	done	by	 involving	the	different	stakeholders	of	
the	fishery	(managers	and	scientists	but	also	fishers	as	in	this	study,	fishing	companies,	canning	industry	
and	 NGOs).	 Finally,	 as	 a	 single	 management	 tool	 may	 not	 be	 sufficient	 and	 interaction	 exist	 between	
management	options	(e.g.	reducing	the	number	of	purse	seiners	can	reduce	the	total	number	of	active	GPS	
buoys),	the	management	of	FOBs	should	be	combine	multiple	tools.	
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Table	1.	Multiple	sources	of	information	combined	to	monitor	the	use	and	the	consequences	of	FOBs	in	
tropical	tuna	purse	seine	fisheries.	Part	of	this	information	was	only	available	for	the	French	fleet	whereas	
some	other	information	was	available	for	all	European	Union	purse	seiners	(France	and	Spain).		
	
source		 fleet	 ocean period information precision	
PS	logbook	data	 all	EU	 AO	+	IO 2003‐2014 ‐ catch

‐	number	of	fishing	sets	
‐	travelled	distance	
	

1	m	

PS	VMS	data	 French		 AO	+	IO 2010 purse	seiners’	positions	
	

1	h	

observer	data	 all	EU	 AO	+	IO 2006‐2013 activities	on	FOBs
	

1	min	

GPS	buoy	data	 French	 AO	+	IO 2007‐2013 positions	of	FOBs
	

1	h,	2	h,	1	d,	2	d	

support	vessel	data	
(logbooks	+	licences)	

all	EU	 IO	 2003‐2014 links	between	PS	and	
support	vessels	

1	y	

min	:	minute	;	h	:	hour	;	d	:	day	;	y	:	year		
	
	
Table	2.	Structure	of	the	interview	guide	used	in	2013.	
	
Theme		 Sub‐theme	 Question		
1.	modalities	in	FOB	use	 a)	deployment	 deployment	factors	

	
b)	monitoring number	of	 	FOBs,	dFADs/natural	

FOBs,	French/Spanish	FOBs	
	

c)	fishing	 searching	 activities,	 preference	
for	 FOB	 or	 Free	 Swimming	
Schools,	size	of	fishing	sets	
	

2.	changes	for	FOB	fisheries	 a)	technological	and	strategic	changes	 changes	 in	 catches,	 seasons	 and	
zones,	echosounder	buoys	
	

b)	management	tools	 IOTC	 time‐area	 closure,	 Chagos	
MPA,	Somali	EEZ	

	

	
Table	3.	Different	measures	of	fishing	efficiency	of	tropical	tuna	purse	seiners.	
	
Efficiency	measure	 Designation Meaning

Catch	/	Fishing	days	
	

CPUE1	
	

Ability	 to	 maximize	 the	 catch	 over	 a	 certain	 period	 of	
time	

Catch	/	Fishing	sets	
	

CPUE2	
	

Ability	to	maximize	the	catch	per	fishing	set	

Catch	/	Distance	(km)	
	

CPUE3	
	

Ability	to	choose	the	optimal	area	for	search	activities		

Sets	/	Fishing	days	
	

SPUE	
	

Ability	to	detect	concentrations	of	tuna		

Distance	/	Fishing	days
	

DPUE	
	

Ability	to	cover	a	large	area	during	search	activities	/	to	
leave	zones	without	fish	rapidly	
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Table	4.	Effect	of	the	proportion	of	fishing	sets	on	FOBs	on	the	5	dimensions	of	the	efficiency	of	individual	
tropical	tuna	purse	seiners.		
	
	 Atlantic	Ocean Indian	Ocean	
CPUE1	 n.s.	(p=	0.17) 0.18	(p=	3.96e‐6)	
CPUE2	 0.30	(p=	2.2e‐16) 0.44	(p=	2.2e‐16)	
CPUE3	 ‐0.27	(p=	3.11e‐10) n.s.	(p=	0.29)	
SPUE	 ‐0.25	(p=	2.2e‐16) ‐0.28	(p=	2e‐16)	
DPUE	 0.24	(p=	2.2e‐16) 0.19	(p=	2.2e‐16)	
n.s.	 indicates	 that	 the	parameter	was	not	 significant	 (p>	0.01,	 chi‐squared	 test).	 Response	 and	 predictor	 variables	
were	log	transformed.	
	

Table	5.	Structure	of	the	interview	guide	used	in	2015.	
	
Theme		 Sub‐theme	 Question	
1.	modalities	in	dFAD	use		 a)	deployment	 seasons,	currents		

b)	number	of	dFADs	 increase	in	dFAD	use,	recent	changes	in	
strategies		
	

2.	consequences	of	dFAD	use		 a)	tuna	catch	 catch,	yield	of	fishing	sets		
b)	other	species	 bycatch,	ghost	fishing		
c)	ecosystems	 lost	 GPS	 buoys,	 dFAD	 beaching,	

ecological	trap		
	

3.	management	tools		 a)	existing	management	 seasonal	 closures,	 550	 GPS	 active	
buoys/vessel		

b)	options	for	management	 limitation	of	dFADs/buoys,	catch	quotas,	
support	vessels		
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Table	6.	Potential	management	of	FOB	fisheries,	positive	outcomes	and	possible	limitations.	
	
Management	tool	 Pros	 Cons
Number,	size	and	carrying	
capacity		
of	purse	seiners	

 too	many	vessels	:	8	skippers	
 too	large	vessels:	6	skippers	
 fuel	consumption:	3	skippers	
 regulation	 of	 GPS	 buoys:	 1	

skipper	
	improve	 yield	 per	 vessel:	 1	
skipper	

 vessels	 may	 leave	 for	 another	
ocean:	4	skippers	

 this	 creates	 a	 race	 for	 fishing	
anteriority:	2	skippers	

 flags	of	convenience:	2	skippers	
 EU	 subsidies:	 1	 skipper	 •	

economic	 consequences	
(investments	 made	 already):	 1	
skipper	

Support	vessels	  	they	do	not	comply	with	EEZs:	
9	skippers	

 there	 is	 no	 regulation	 of	
support	vessels:	7	skippers	

 they	 appropriate	 fish/FOBs:	 4	
skippers	

 this	 could	 regulate	 the	 use	 of	
GPS	buoys:	3	skippers	

 they	 should	 be	 accounted	 for	
in	the	550	buoys	

 	issues	 of	 profitability	 for	 large	
purse	seiners:	2	skippers	

 support	vessels	could	be	used	to	
limit	beaching:	2	skippers	

 French	 companies	 will	 soon	
have	 support	 vessels	 too:	 2	
skippers	

Catch	quotas	  to	regulate	prices:	3	skippers	
 to	 improve	 stocks/yield:	 2	

skippers	
 some	fishing	companies	do	not	

consider	 the	 long	 term	 :	 2	
skippers	

 they	may	be	easier	 to	enforce:	
1	skipper	

 they	have	proven	successful	in	
other	fisheries:	1	skipper	

 	this	 could	 regulate	 capacity,	
support	vessels	and	FOB	use:	1	
skipper	

 allocation	criteria:	2	skippers	
 this	 creates	 a	 race	 for	 fishing	

anteriority:	2	skippers	
 difficult	 to	 choose	 between	

different	 fleets	 and	 their	
strategies:	2	skippers	

 obligation	 of	 regularity	 in	
catches	 (to	 avoid	 fast	 quota	
exhaustion):	2	skippers	

 problem	of	consensus:	1	skipper	
 ineffective	 if	 catches	 are	 not	

significantly	reduced:	1	skipper	

Spatial	 management	
(including	no‐take	areas)	

 spillover:	5	skippers	
 protect	 GPS	 buoys	 against	

theft:	5	skippers	
 protect	juveniles:	3	skippers	

 supply	 vessels	 do	not	 comply:	 5	
skippers	

 inappropriate	choice	of	period:	3	
skippers	

 such	management	measures	 are	
only	 communication	 tools:	 2	
skippers	
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Original:	English	
	

THE	LACK	OF	A	SCIENTIFICALLY	BASED	DEFINITION	OF	“FAD	SET”	
	

International	Pole	&	Line	Foundation1		
	
	
Introduction	
	
Tropical	 tuna	 purse	 seine	 fisheries	 around	 the	world	have	 been	 using	 drifting	 fish	 aggregating	 devices	
(dFADs)	for	decades.	The	advances	in	efficiency	are	undeniable,	and	the	technology	of	dFADs	continues	to	
develop	 at	 a	 rapid	 pace.	 In	 fact,	 the	 developments	 are	 outpacing	 the	management	 bodies	 tasked	 with	
managing	 these	 large‐scale	 tuna	 fisheries.	As	 the	 Joint	Tuna	RFMO	FAD	Working	Group	gathers	 for	 the	
first	time,	it	will	be	important	to	have	a	robust	scientific	definition	of	what	constitutes	a	“FAD	set”	versus	
an	 “unassociated	 set”	 and	 to	 ensure	 that	 there	 are	 mechanisms	 in	 place	 to	 enable	 a	 consistent	 and	
verifiable	application	of	these	definitions.		
	
Research	review	
	
In	 a	 study	 conducted	by	Moreno	et	al.	 in	 2007,	 researchers	 interviewed	purse	 seine	 captains	 to	 obtain	
local	ecological	knowledge	(LEK)	to	assist	in	the	planning	of	future	in	situ	studies	of	fish	behaviour	around	
drifting	fish	aggregating	devices	(dFADs).	They	found	that	“most	fishing	masters	agreed	that	the	maximum	
attraction	distance	of	a	dFAD	is	approximately	10	km....”	and	that	“...the	majority	of	fishers	(48%)	believe	
that	the	attraction	distance	of	tuna	to	FADs	is	between	2	and	5	nautical	miles”.	Studies	have	also	shown	
that	yellowfin	tuna	can	detect	anchored	FADs	from	five	to	eight	miles	away	(Holland	et	al.	1990;	Dagorn	et	
al.	 2000)	which	 seems	 to	 indicate	 that	 they	 could	 have	 a	 high	 level	 of	 association	with	 FADs	 at	 these	
distances.	Based	on	studies	by	Girard	et	al.	(2004)	and	the	interviews	conducted	with	purse	seine	skippers	
(Moreno	et	al.,	2007),	Cabral	et	al.	 (2014),	tuna	can	detect	and	orient	themselves	towards	a	FAD	10	km	
away.	Based	on	this	they	recommended	that	FADs	should	then	be	no	closer	than	20	km	from	each	other	
and	estimated	that	a	single	FAD	therefore	can	have	an	effective	area	of	20	km	by	20	km	equivalent	to	a	
total	effective	area	of	AFAD	=	400	km2.	Although	it	can	be	argued	that	detection	ability	does	not	necessarily	
obligate	association,	the	precautionary	approach	would	dictate	that	this	issue	is	better	understood	before	
making	such	assumptions.	
	
Moreno	et	al.	(2016)	also	raised	some	concerns	around	the	scientific	rationale	when	defining	a	school	as	
‘unassociated’	when	 it	 is	>1nm	 from	a	dFAD.	They	argued	 that	a	number	of	 studies	have	“attempted	 to	
characterize	 this	association	with	varying	results.	The	range	of	 influence	of	dFADs	on	tuna	schools	may	
vary	from	two	to	ten	nautical	miles	and	will	vary	according	to	local	conditions”.	They	further	argue	that	
“this	 suggests	 that	 tuna	 schools	 do	 not	 aggregate	 consistently	 with	 floating	 objects	 and	 that	 it	 is	 very	
difficult	and	subjective	to	assign	a	set	distance	to	define	association”.		
	
Varying	definitions	of	“FAD	sets”	and	“Unassociated”	
	
In	the	WCPFC	a	distance	of	1nm	was	adopted	during	the	FAD	closure	period	specified	in	CMM	2008‐01,	as	
“…no	purse	seine	vessel	shall	conduct	any	part	of	a	set	within	one	nautical	mile	of	a	FAD.	That	 is,	at	no	
time	may	the	vessel	or	any	of	its	fishing	gear	or	tenders	be	located	within	one	nautical	mile	of	a	FAD	while	
a	set	is	being	conducted”.	A	FAD	is	defined	as	“any	object	or	group	of	objects,	of	any	size,	that	has	or	has	
not	been	deployed,	that	is	living	or	non‐living,	including	but	not	limited	to	buoys,	floats,	netting,	webbing,	
plastics,	bamboo,	logs	and	whale	sharks	floating	on	or	near	the	surface	of	the	water	that	fish	may	associate	
with”.	The	1nm	definition	seems	to	have	been	adopted	as	a	compromise	measure	for	compliance	purposes	
rather	than	a	measure	underpinned	by	rigorous	scientific	studies.		
	
	
	

                                                            
1	International	Pole	&	Line	Foundation. 
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In	 the	Marine	 Stewardship	 Council	 (MSC)	 certified	 PNA	 fishery,	 unassociated	 sets	were	 defined	 as	 “an	
unassociated	set	is	defined	as	fishing	on	a	free	school,	which	may	include	a	free	school	feeding	on	bait	fish.	
There	 are	 no	 associations	with	 objects	 (natural	 or	man‐made),	with	 set	 distances	 from	 such	 objects	 of	
1	nautical	mile	or	greater”.	
	
The	“unassociated	set”	definition	applied	in	the	assessment	of	the	fishery	seems	to	have	been	based	on	the	
1nm	definition	adopted	by	WCPFC	for	the	FAD	closure	conservation	measure	rather	than	any	additional	
scientific	 evidence	 of	 what	 would	 reasonably	 constitute	 “association”	 with	 a	 floating	 object.	 It	 is	 also	
important	 to	note	 that	 there	 is	no	consistent	application	of	what	constitutes	an	unassociated	set	across	
tuna‐RFMOs.		
	
The	 question	 should	 be	 asked	 whether	 in	 the	 absence	 of	 clear	 scientific	 evidence	 pointing	 to	 a	 1nm	
definition	as	a	credible	classification	of	an	unassociated	school,	 it	would	not	be	better	to	rather	produce	
rigorous	 scientific	 studies	 which	 show	 the	 ideal	 distance	 to	 fish	 from	 a	 FAD	 in	 order	 to	 minimise	
unwanted	catches	of	non‐target	species	and	juvenile	tunas.		
	
In	 the	 IOTC,	 there	 is	 no	 standardized	 definition	 of	 a	 FAD	 set,	 however	 the	 issue	 came	 up	 when	 the	
Echebaster	Indian	Ocean	purse	seine	skipjack,	yellowfin	and	bigeye	fishery	underwent	the	process	of	MSC	
certification.	 The	 unit	 of	 certification	 according	 to	 the	 Public	 Comment	 Draft	 Report	 (PCDR)	 was	
unassociated	free	schools	of	skipjack,	yellowfin	and	bigeye	tuna.	The	Conformity	Assessment	Body	(CAB)	
in	that	assessment	defined	free	schools	(section	5.2.6,	page	116)	“to	be	those	made	on	schools	of	tuna,	the	
presence	of	which	is	indicated	by	sea‐surface	bird	activity	or	by	the	presence	of	bait	fish	in	the	water.	Free	
schools	sets	are	truly	unassociated	sets,	meaning	that	they	take	place	at	some	distance	away	from	any	FAD	
of	other	floating	objects	or	megafauna.	Associated	sets	are	generally	considered	to	be	those	that	take	place	
at	a	distance	of	5nM	[nautical	miles]	or	less	from	a	FAD.”	
	
With	this	definition,	unassociated	sets,	or	free	schools	of	tuna	could	only	be	caught	outside	a	five	nautical	
mile	radius	from	FAD,	log,	marine	mammal,	whale	shark,	and	seamount.	In	other	words,	unassociated	free	
school	sets	should	only	occur	outside	of	exclusion	zones	around	these	objects	and	animals.	
	
Monitoring	and	verification	challenges	
	
A	further	issue	that	was	raised	by	Moreno	et	al.	(2016)	is	the	difficulty	captains	and	observers	might	have	
in	deciding	whether	any	object	 is	within	the	defined	distance	of	what	constitutes	an	unassociated	set.	 If	
sea	 conditions	 are	 choppy	 or	 other	 situations	where	 visibility	 is	 impaired	 such	 as	 foggy	 conditions	 or	
when	sets	 are	done	at	dusk	or	dawn,	how	would	an	observer	be	able	 to	declare	with	 certainty	 that	no	
drifting	object	or	another	FAD	was	not	within	one	or	five	nautical	miles	from	a	particular	set?	Even	with	
clear	 skies	 and	 good	 visibility	 it	might	 be	 impossible	 for	 an	 observer	 to	 determine	whether	 a	 drifting	
object,	 log	 or	 FAD	 is	within	 1nm	or	 1.5	 nm	 from	 a	 particular	 set,	 especially	 since	 dFADs	 are	 generally	
designed	to	have	low	detection	levels	and	are	unlikely	to	show	up	on	the	radar.		
	

For	 an	 observer	 or	 a	 captain	 to	make	 such	 an	 important	 determination	 ‐	whether	 a	 set	 constitutes	 an	
unassociated	set	or	not	‐	in	a	high	pressure	environment,	with	the	paucity	of	data	they	have	and	the	high	
degree	of	uncertainty	of	the	actual	distances	involved	and	the	presence	or	not	of	semi‐submerged	objects,	
can	place	an	unfair	burden	on	their	shoulders.	This	is	not	so	much	a	chain	of	custody	issue	as	it	is	an	issue	
of	deciding	whether	a	particular	set	conforms	to	the	definition	of	a	“FAD	set”	or	“unassociated	set”.	 In	a	
global	market	with	growing	demands	verifiable	and	traceable	seafood,	it	is	important	to	ensure	that	any	
claims	being	made	to	consumers	are	scientifically	robust	and	verifiable.		
	

Conclusion	
	

In	light	of	the	challenges	identified	in	determining	if	a	school	is	“associated”	or	“unassociated”,	additional	
measures	 should	 be	 employed	 to	 ensure	 a	 higher	 level	 of	 certainty	 around	 fishing	 operations	 with	
supposedly	lower	levels	of	ecosystem	impacts.	The	lack	of	robust	science,	and	following	the	precautionary	
approach,	would	dictate	that	firstly,	evidence	be	provided	to	determine	the	appropriate	distance	from	a	
FAD	that	minimises	unwanted	catches	and	that	secondly,	such	appropriate	distances	be	implemented	to	
describe	 unassociated	 sets.	 Additional	 measures,	 other	 than	 only	 relying	 on	 judgement	 calls	 made	 by	
observers	and	captains,	should	be	employed	to	ensure	greater	certainty	that	there	is	not	another	vessel’s	
FAD,	marine	mammal,	whale	shark,	or	other	floating	object	within	the	required	distance	of	the	set.	
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POTENTIAL	ENVIRONMENTAL	IMPACTS	CAUSED	BY	BEACHING	OF	DRIFTING	FISH	AGGREGATING	
DEVICES	AND	IDENTIFICATION	OF	MANAGEMENT	UNCERTAINTIES	AND	DATA	NEEDS	

	
Tim	Davies1,	David	Curnick2,	Julien	Barde3,	Emmanuel	Chassot45	

	
	

SUMMARY	
	
Drifting	 fish	 aggregating	 devices	 (dFADs)	 are	 widely	 used	 in	 tropical	 tuna	 purse	 seine	 fisheries	 to	
aggregate	 fish	and	make	 them	easier	 to	 catch.	The	use	of	dFADs	has	been	associated	with	a	number	of	
potential	positive	and	negative	impacts,	touching	on	a	range	of	ecological,	economic	and	social	issues.	One	
negative	 environmental	 impact	 of	 dFADs	 is	 that	 they	 have	 the	 potential	 to	 wash	 ashore	 and	 become	
grounded	 or	 beached,	 potentially	 causing	 damage	 to	 marine	 habitats.	 However,	 other	 than	 anecdotal	
reports,	 this	 issue	has	 received	very	 little	 research	 attention	 to	date.	The	 lack	of	 research	on	 this	 topic	
means	that	 the	problem	of	beaching	dFADs	 is	not	well	defined,	with	 the	risk	of	beaching	events	mostly	
assumed	and	the	extent	and	severity	of	impacts	uncertain.	The	aim	of	this	paper	is	to	better	characterise	
the	potential	problem	of	beaching	dFADs.	We	examine	the	potential	 for	dFAD	beaching	events	 to	occur,	
which	is	determined	by	location	of	deployment,	dispersal	patterns,	extent	of	efforts	to	prevent	beaching	
events	from	occurring	and,	to	a	lesser	extent,	dFAD	design.	This	discussion	is	illustrated	with	a	case	study	
examining	 the	 spatio‐temporal	 dynamics	 of	 dFAD	 trajectories	 in	 the	 Indian	 Ocean	 and	 estimating	 the	
frequency	of	dFAD	beaching	events	on	coral	reefs.	The	potential	environmental	impacts	of	beached	dFADs	
are	reviewed	by	looking	at	wider	literature	on	other	abandoned,	lost,	or	otherwise	discarded	fishing	gear,	
and	 we	 offer	 some	 thoughts	 on	 the	 classification	 of	 dFADs	 as	 marine	 pollution.	 Finally,	 we	 critically	
discuss	a	number	of	possible	ways	 to	 reduce	 the	number	of	dFAD	beaching	events	on	sensitive	marine	
habitats.	 This	 includes	 regulatory	 measures,	 which	 would	 be	 applied	 by	 the	 tropical	 tuna	 Regional	
Fisheries	 Management	 Organisations	 or	 coastal	 and	 island	 state	 governments	 and	 advances	 in	 dFAD	
design,	 which	 would	 likely	 come	 from	 collaboration	 between	 fishing	 companies,	 researchers	 and	
NGOs/non‐profit	 partnerships.	 Possible	measures	 include	 reducing	 the	overall	 number	of	dFADs	 in	 the	
water,	i.e.	though	deployment	limits,	fee	structures	and	reduced	fleet	capacity,	or	a	localised	reduction	of	
dFAD	deployments	in	sensitive	areas;	reduced	lifetime	of	dFADs,	through	use	of	entirely	bio‐degradable	
materials;	and	the	prevention	of	dFADs	entering	areas	with	sensitive	habitats,	through	recovery	initiatives	
(at	sea	and	inshore)	and	innovative	dFAD	design.	
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Appendix	
	

POTENTIAL	ENVIRONMENTAL	IMPACTS	CAUSED	BY	BEACHING	OF	DRIFTING	FISH	AGGREGATING	
DEVICES	AND	IDENTIFICATION	OF	MANAGEMENT	SOLUTIONS	AND	UNCERTAINTIES	

	

Tim	Davies,	David	Curnick,	Julien	Barde,	Emmanuel	Chassot	
	
	
1 Introduction	
	
Drifting	 fish	 aggregating	 devices	 (dFADs)	 are	 widely	 used	 in	 tropical	 tuna	 purse	 seine	 fisheries	 to	
aggregate	fish	and	make	them	easier	to	catch.	A	typical	dFAD	has	a	floating	element,	usually	a	bamboo	raft	
or	plastic	float,	and	a	subsurface	structure,	usually	old	fishing	netting	or	rope,	around	which	fish	associate	
in	schools.	Almost	all	modern	dFADs	are	 fitted	with	 instrumented	buoys	 that	contain	a	GPS	unit,	which	
allows	it	to	be	tracked	remotely.	At	any	given	moment	a	skipper	can	monitor	the	location	of	many	tens,	or	
even	 hundreds,	 of	 dFADs	 in	 real	 time.	 The	most	 recent	 generation	 of	 dFADs	 are	 also	 fitted	with	 echo‐
sounders	 that	 transmit	 biomass	 estimates	 and	 sometimes	 size	 composition	 of	 an	 associated	 school	
swimming	beneath	it,	and	in	some	oceans6,	auxiliary	‘supply’	vessels	are	used	to	manage	the	network	of	
dFADs	belonging	to	one	or	more	purse	seiners	(Ramos	et	al.,	2010;	Assan	et	al.,	2015).	
	
Fishers	typically	deploy	dFADs	at	the	edge	of	major	ocean	current	systems	and	allow	them	to	drift	for	a	
period	 of	weeks	 or	months	 before	 catching	 tuna	 schools	 aggregated	 beneath	 them.	Historically,	 dFADs	
were	used	to	 increase	 the	number	of	naturally	occurring	 floating	objects	 in	 the	ocean	and	boost	 fishing	
opportunities,	although	some	fleets	have	now	become	reliant	on	dFADs	to	achieve	the	very	large	catches	
needed	to	remain	profitable	(Guillotreau	et	al.,	2011;	Davies	et	al.,	2014).	As	a	result,	the	number	of	dFADs	
in	the	ocean	has	increased	considerably	in	the	past	30	years	(Fonteneau	et	al.,	2013;	Maufroy	et	al.,	2017).	
	
The	use	of	dFADs	has	been	associated	with	a	number	of	potential	positive	and	negative	impacts,	touching	
on	a	range	of	ecological,	economic	and	social	issues	(for	a	recent	review	see	MRAG,	2017).	One	negative	
environmental	 impact	 of	 dFADs	 is	 they	 have	 the	 potential	 to	 wash	 ashore	 and	 become	 grounded	 or	
beached7,	potentially	causing	damage	to	marine	habitats.	Other	than	anecdotal	reports	(e.g.	Stelfox	et	al.,	
2015),	this	issue	has	received	very	little	research	attention	to	date.	On	the	occurrence	of	observed	dFAD	
beaching	 events,	 Balderson	 and	 Martin	 (2015)	 present	 a	 detailed	 investigation	 into	 the	 location,	
characteristics	and	source	of	beached	dFADs	 in	Seychelles.	They	show	categorically	 that	dFADs	used	by	
fleets	in	the	region	are	washing	ashore,	and	that	coral	reefs	are	the	most	impacted	habitat,	with	dFAD	sub‐
surface	structure	becoming	entangled	on	reef	structure.	However,	their	study	did	not	attempt	to	quantify	
the	damage	caused	to	habitat	during	entanglement.	From	a	different	perspective,	and	using	a	large	dataset	
of	GPS	buoy	positions,	Maufroy	et	al.	(2015)	estimated	that	almost	10%	of	all	dFADs	deployed	by	French	
vessels	 in	 the	 Indian	 and	 Atlantic	 Oceans	 ultimately	 became	 beached.	 In	 the	 Atlantic,	 dFAD	 beaching	
events	 were	 concentrated	 along	 the	 coastline	 of	 the	 Gulf	 of	 Guinea,	 adjacent	 to	 the	 main	 purse	 seine	
fishing	 grounds,	 although	 some	 travelled	much	 further	 and	 stranded	 on	 the	 Brazilian	 coastline.	 In	 the	
Indian	 Ocean,	 beaching	 events	 occurred	 more	 widely,	 with	 most	 events	 observed	 in	 Somalia,	 the	
Seychelles,	 the	Maldives,	and	Sri	Lanka.	Beaching	events	were	also	observed	in	the	British	Indian	Ocean	
Territory	(BIOT)	marine	protected	area.		
	
The	lack	of	research	on	this	topic	means	that	the	problem	of	beaching	dFADs	is	not	well	defined,	with	the	
risk	 of	 dFADs	 beaching	 events	 being	mostly	 assumed	 and	 the	 extent	 and	 severity	 of	 beaching	 impacts	
uncertain.	The	aim	of	this	paper	is	to	better	characterise	the	potential	problem	of	beaching	dFADs.	Three	
specific	objectives	are:	
	
	
	

                                                            
6	With	the	exception	of	the	Eastern	Pacific	Ocean	where	supply	vessels	were	banned	from	1999.	
7	For	the	purpose	of	simplicity,	this	is	hereafter	referred	to	as	beaching,	but	while	recognising	that	dFADs	may	wash	up	or	become	
entangled	in	many	different	shallow	water	habitat	types. 
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 To	discuss	the	potential	for	beaching	events	to	occur,	to	characterise	beaching	risk	and	to	identify	
knowledge	gaps.	We	 illustrate	 this	discussion	with	 a	 case	 study	examining	 the	 spatio‐temporal	
dynamics	of	dFAD	dispersal	 in	the	Indian	Ocean,	specifically	estimating	the	probability	of	dFAD	
beaching	events	on	coral	reefs;	

 To	examine	the	potential	environmental	impacts	of	dFAD	beaching	in	terms	of	physical	damage	to	
coral	reef	and	other	shallow	water	habitats;	and	

 To	identify	and	critically	discuss	possible	approaches	to	managing	the	issue	of	beaching	dFADs.	
	
The	focus	of	this	paper	is	on	dFADs,	although	it	is	noted	that	anchored	FADs	can	escape	their	mooring	and	
also	have	potential	 to	 cause	damage	 to	marine	habitats.	However,	management	 options	 for	minimising	
habitat	damage	caused	by	anchored	FADs	are	likely	to	be	more	straightforward	than	for	dFADs,	and	there	
is	presumably	a	greater	incentive	for	anchored	FAD	owners	to	reduce	incidences	of	loss.	Furthermore,	the	
impacts	of	sinking	dFADs	on	deep	water	habitats	(e.g.	>100m)	it	not	considered,	although	future	research	
on	this	sub‐topic	is	encouraged.	There	is	also	likely	to	be	considerably	fewer	anchored	FADs	deployed	in	
the	oceans	than	dFADs	(MRAG,	2017).		
	
	
2 Potential	for	beaching	events	to	occur	
The	 risk	 of	 a	 dFAD	 beaching	 event	 occurring	 is	 determined	 by	 the	 number	 of	 dFADs	 in	 the	 ocean,	 the	
deployment	 location,	dispersal	patterns,	the	extent	of	efforts	to	prevent	beaching	events	from	occurring	
and	dFAD	design.	Each	of	these	different	elements	of	risk	are	discussed	below.		
	
	
2.1	How	many	dFADs	are	in	the	ocean?		
 
The	number	of	dFADs	in	the	ocean	at	any	given	time	is	not	known	with	certainty.	It	has	been	estimated	
that	 between	 81,000	 and	 121,000	 dFADs	 were	 deployed	 globally	 in	 2013,	 although	 this	 estimate	 is	
uncertain	due	 to	 the	need	 to	make	assumptions	on	dFAD	usage	between	 fleets	and	extrapolation	 to	 fill	
data	gaps	(Gershman	et	al.,	2015).	The	total	number	of	dFADs	deployed	varies	between	the	tropical	tuna	
Regional	 Fisheries	 Management	 Organisation	 (tRFMO)	 convention	 areas.	 Using	 the	 estimates	 of	
Gershman	et	 al.,	 the	 highest	 number	 of	 dFADs	 are	 deployed	 annually	 in	 the	WCPFC	 area	 (36.9%	 total	
global	 deployments),	 followed	 by	 IATTC	 (23.6%),	 ICCAT	 (21.5%)	 and	 IOTC	 (18.0%).	 The	 differences	
between	 these	 regions	 are	 broadly	 consistent	 with	 differences	 in	 the	 size	 of	 purse	 seine	 fleets	
(A.	Fonteneau,	 unpublished	 data),	 but	 also	 reflect	 variation	 in	 the	 relative	 use	 of	 dFADs	 by	 vessels	
(i.e.	disproportionately	 high	 use	 of	 dFADs	 in	 the	 Atlantic	 and	 Indian	 Oceans).	 In	 term	 of	 trends,	 the	
number	of	 sets	made	on	dFADs	 (and	other	 floating	objects)	has	been	 increasing	 in	all	 regions	with	 the	
exception	of	 the	WCFPC	area,	where	 it	 has	 levelled	out	 (Fonteneau	et	al.,	 2013;	Gershman	et	al.,	 2015;	
WCPFC,	2015;	Hall	and	Román,	2016).		
	
The	number	of	dFADs	in	the	ocean	is	also	determined	by	the	number	that	are	lost	(beached,	sunk	or	stolen	
but	 not	 redeployed)	 or	 recovered.	 This	 is	 more	 difficult	 to	 estimate	 than	 deployments	 because	 most	
dFADs	that	become	lost	(e.g.	become	waterlogged	and	sink),	do	so	without	trace,	and	there	has	been	no	
obligation	to	record	the	recovery	of	dFADs.	However,	some	national	dFAD	management	plans,	which	are	
required	by	all	tRFMOs,	do	require	information	on	lost	FADs	to	be	recorded.	For	example,	Spain	and	Korea	
require	that	the	last	location	of	the	dFAD	is	recorded,	and	France	requires	that	the	number	of	lost	dFADs	is	
reported	quarterly.8	
	
a.	What	factors	determine	how	many	dFADs	may	beach?	
 
The	chance	that	any	given	dFAD	will	become	beached,	assuming	for	the	moment	it	will	not	be	recovered	
or	sink,	depends	on	the	ocean	region,	the	time	and	location	of	its	deployment,	and	to	a	lesser	extent,	the	
depth	of	its	subsurface	structure	and	the	material	it	is	made	from.	
	
	

                                                            
8	http://iotc.org/documents/fad‐management‐plans	
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The	pattern	of	ocean	currents	in	some	regions	may	moderate	the	risk	of	a	dFAD	beaching.	The	direction	
and	speed	of	movement	of	a	dFAD	on	the	ocean	surface	is	driven	primarily	by	surface	currents,	but	also	by	
wind	and	wave	action.	The	density	of	dFADs	in	an	ocean	region	is	therefore	not	uniform,	and	dFADs	tend	
to	accumulate	along	current	fronts	and	in	circulation	systems	(Dagorn	et	al.,	2013;	Maufroy	et	al.,	2015).	
In	ocean	regions	where	these	currents	systems	are	strong,	such	as	in	northwest	Indian	Ocean,	dFADs	tend	
to	 get	 trapped	 inside	 ocean	 gyres	 and	 away	 from	 coastline	 and	 islands.	 This	 may	 reduce	 the	 risk	 of	
beaching	 to	a	 certain	extent	 if	dFADs	are	 lost	or	 recovered	while	 in	 these	contained	systems.	However,	
such	 retention	within	 current	 systems	 is	 usually	 only	 temporary,	 and	many	 dFADs	 do	 eventually	 drift	
away	and	may	disperse	widely	(e.g.	see	Maufroy	et	al.,	2015)		
	
The	chance	of	a	beaching	event	is	likely	to	be	considerably	higher	when	a	dFAD	is	deployed	into	a	current	
system	that	passes	through	an	island	archipelago	or	along	a	coastline.	For	example,	in	the	eastern	Pacific	
Ocean	fishers	deploy	dFADs	to	the	east	of	the	Galapagos	into	a	westerly	current	that	carries	them	directly	
through	archipelago	 (Hall	 and	Román,	2016),	where	 they	 risk	beaching	as	 they	pass	close	 to	 shore	and	
over	shallow	marine	habitats.		
	
b.	Case	study:	simulated	dFAD	beaching	events	in	the	Indian	Ocean	
 
Here	we	present	a	case	study	to	illustrate	the	discussion	on	dFAD	beaching	risk	by	examining	the	spatio‐
temporal	dynamics	of	dFAD	dispersal	in	the	Indian	Ocean	and	estimating	the	probability	of	dFAD	beaching	
events	on	coral	reefs	in	the	region.	The	methods	and	results	of	this	case	stud	analysis	are	presented	below.		
	
i.	Material	and	methods	
 
We	used	a	Lagrangian	transport	model	to	simulate	trajectories	of	dFADs	deployed	within	the	purse	seine	
fishing	grounds	of	the	western	Indian	Ocean	during	2006‐2014	in	order	to	evaluate	the	risk	of	beaching	
events	 on	 coral	 reefs.	 Ichthyop9	 is	 a	 Lagrangian	 tool	 distributed	 as	 a	 free	 Java	 software	 and	 offline	
simulations	are	conducted	using	surface	currents	available	from	hydrodynamic	models	or	satellite	remote	
sensing	(Lett	et	al.,	2008).	 In	 the	present	study,	all	 simulations	of	dFAD	drift	were	run	using	 the	Ocean	
Surface	Currents	Analyses	Realtime	(OSCAR)	current	data	set	accessible	through	OpenDAP	protocol.10	We	
used	the	1/3‐degree	grid	and	5‐day	interval	resolution	of	the	OSCAR	data	which	have	been	shown	to	well	
describe	the	drift	of	FADs	in	near‐surface	currents	of	the	Indian	Ocean	(Imzilen	et	al.,	submitted).	
	
The	dFAD	purse	seine	fishery	of	the	Indian	Ocean	is	marked	by	a	strong	seasonality	related	to	monsoon	
regimes	(Davies	et	al.,	2014;	Kaplan	et	al.,	2014).	Areas	of	GPS	buoy	deployments	have	been	shown	to	be	
highly	correlated	 in	time	with	FAD	fishing	grounds	(Maufroy	et	al.,	2017).	Here,	 four	distinct	periods	of	
GPS	 buoy	 deployments	 were	 considered	 to	 encompass	 the	 main	 patterns	 of	 seasonality	 of	 dFAD	
deployments	 at	 sea:	 (i)	 November‐February,	 (ii)	 March‐May,	 (iii)	 June‐July	 and	 (iv)	 August‐October	
(Maufroy	et	al.,	2017).	A	buffer	area	of	200	km	around	the	hotspots	of	dFAD	deployment	activities	was	
used	to	introduce	some	spatial	variability	in	the	location	of	deployment	within	each	season	(Figure	1).	
	
A	set	of	10	GPS	buoy	deployments	was	randomly	selected	among	all	deployments	of	French‐owned	GPS	
buoys	observed	within	each	season‐specific	buffer	area	during	2006‐2014	(Maufroy	et	al.,	2017).	Selecting	
real	deployments	as	starting	points	of	the	simulations	allowed	for	assessment	of	the	overall	consistency	of	
the	simulations	by	overlaying	observed	dFAD	trajectories	with	simulated	drifts.	The	simulated	duration	of	
drift	was	set	at	180	days	since	the	great	majority	of	dFADs	have	been	shown	to	spend	less	than	100	days	
at	sea	 in	 the	 Indian	Ocean	(Maufroy	et	al.,	2015).	For	each	of	 the	40	deployments	 (10	deployments	x	4	
seasons),	1000	simulations	were	conducted	to	account	for	uncertainties	in	ocean	surface	currents	derived	
from	 OSCAR.	 Stochasticity	 in	 model	 runs	 was	 introduced	 through	 the	 means	 of	 horizontal	 dispersion	
implemented	in	Ichthyop	through	a	horizontal	diffusion	coefficient	(Peliz	et	al.,	2007;	Lett	et	al.,	2008).	All	
simulation	results	are	provided	for	each	season	in	Appendix	I.	
	
	
	

                                                            
9	http://www.ichthyop.org	
10	http://www.oscar.noaa.gov	
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To	illustrate	the	utility	of	the	approach,	the	probability	of	dFAD	beaching	and	stranding	in	western	Indian	
Ocean	 coral	 reefs	was	 computed	 as	 the	proportion	of	 simulated	 trajectories	 intersecting	with	 the	 coral	
reefs	of	BIOT,	Comoros,	Maldives,	and	Seychelles.	Shapefiles	for	these	coral	reefs	were	obtained	from	the	
UNEP	 World	 Conservation	 Monitoring	 Centre.11	 Estimates	 should	 be	 seen	 as	 conservative	 as	 model	
simulations	assumed	that	no	sinking	nor	retrieval	of	the	dFAD	occurred	during	the	period	of	drift.	Also,	
dFAD	 transport	 was	 simulated	 all	 along	 the	 period	 even	 in	 the	 case	 of	 a	 beaching	 or	 stranding	 event,	
potentially	resulting	in	a	dFAD	being	beached	or	stranded	several	times	in	the	course	of	the	simulation.	
	
ii.	Results	
 
Our	simulations	show	that	risk	and	location	of	dFAD	beaching	events	are	strongly	dependent	on	areas	and	
periods	of	deployment.	Risks	of	beaching	estimated	as	the	proportion	of	six‐month	duration	simulations	
intersecting	with	coral	reef	coverage	of	BIOT,	Comoros,	Maldives,	and	Seychelles	are	overall	high	(overall	
mean	of	32.3%),	with	a	large	variability	between	seasons	and	simulations.	Seychelles’	coral	reefs	appear	
particularly	 exposed	 to	 dFAD	 beaching	 because	 of	 their	 prominent	 position	 within	 the	 main	 fishing	
grounds	 of	 the	 purse	 seine	 fleet.	 Simulations	 spanning	 six	 months	 result	 in	 a	 large	 variability	 of	
trajectories	and	final	positions	of	dFADs	(Figure	S1).	Horizontal	dispersion	modelled	in	Ichthyop	resulted	
in	 some	 dFADs	 ‐	 deployed	 on	 the	 same	 day	 at	 the	 same	 position	 ‐	 to	 be	 transported	 along	 different	
currents	and	described	by	trajectories	that	diverged	over	time.	
	
Overall,	 our	 simulations	 of	 dFAD	dispersal	 are	 consistent	with	 trajectories	 of	 floating	 objects	 observed	
from	GPS	buoy	data	(Figure	S1).	A	few	simulations	however	appear	not	able	to	capture	the	drift	observed,	
e.g.	 simulation	19	which	 corresponds	 to	 a	buoy	deployed	 in	April	 2014	 that	drifted	 to	 the	north	of	 the	
western	Indian	Ocean	before	reaching	the	coast	of	Yemen	(Figure	S1b).	Similarly,	all	runs	of	simulation	
38	suggest	a	potential	drift	along	the	coasts	of	Somalia	and	Oman	while	the	buoy	deployed	at	the	starting	
point	 of	 this	 simulation	 in	 October	 2012	 crossed	 the	 Indian	 Ocean	 and	 stopped	 emitting	 after	 having	
reached	the	north	of	Sumatra	(Figure	S1d).	
	
Simulations	show	that	most	dFADs	deployed	around	the	Seychelles	 in	November‐February	tend	to	drift	
toward	the	eastern	Indian	Ocean	along	the	South	Equatorial	Countercurrent,	which	predominates	during	
the	winter	monsoon	(Figure	S1a)	(Schott	et	al.,	2009).	In	such	case,	dFADs	appear	to	slip	along	between	
the	Maldives	and	BIOT	coral	reefs	and	the	overall	proportion	of	trajectories	intersecting	with	these	coral	
reef	 areas	 was	 estimated	 to	 be	 low	 at	 around	 4.7%.	 Some	 simulations,	 however,	 resulted	 in	 higher	
probability	of	beaching,	 i.e.	 simulation	3	resulting	 in	18.7%	probability	of	beaching	 in	 the	Maldives	and	
simulation	 6	 resulting	 in	 14.2%	 probability	 of	 beaching	 in	 BIOT	 (Figure	 S1a).	 During	 March‐May,	
simulated	deployments	of	dFADs	around	the	Seychelles	resulted	in	the	floating	objects	to	first	drift	toward	
the	 east	 before	 making	 a	 loop	 south	 and	 start	 drifting	 toward	 the	 north	 of	 the	 Mozambique	 Channel	
(Figure	S1b).	In	March‐May,	the	probability	of	dFAD	beaching	in	the	coral	reefs	of	BIOT	and	Maldives	was	
estimated	to	be	very	low	at	0.4%.	By	contrast,	coral	reefs	of	the	Seychelles	and	Comoros	were	the	most	
exposed	during	this	deployment	season	with	an	overall	probability	of	beaching	of	45%.	Most	simulations	
conducted	for	the	season	June‐July	showed	a	concentration	of	the	drifts	in	the	central	western	part	of	the	
WIO,	along	 the	coasts	of	Tanzania,	Kenya	and	Mozambique,	associated	with	a	 risk	of	beaching	of	about	
10%,	 mostly	 in	 Seychelles	 coral	 reefs.	 Finally,	 deployments	 of	 dFADs	 off	 the	 coast	 of	 Somalia	 during	
August‐October	was	associated	with	a	high	risk	of	beaching	in	the	Maldives	(overall	probability	of	29%)	in	
relation	with	the	Great	Whirl	gyre,	which	is	active	during	the	summer	monsoon	(Schott	et	al.	2009).	It	is	
noteworthy	that	the	lifespan	of	buoys	and	dFADs	during	August‐October	in	the	Somalia	area	is	low	(mean	
=	15	days	at	sea)	as	it	is	the	main	dFAD	fishing	season	characterized	by	a	high	turnover	of	the	rafts	and	
buoys	which	can	be	collected	and	redeployed	elsewhere.	
	
Our	results	must	be	seen	as	part	of	a	modelling	exercise	and	a	first	step	to	propose	tools	for	predicting	
risk	 associated	 with	 time‐areas	 of	 dFAD	 deployment.	 In	 particular,	 areas	 of	 particle	 release	 (i.e.	
deployments)	were	 limited	 in	 this	case	study	to	small	areas	derived	 from	the	analysis	of	GPS	buoys	 for	
only	one	segment	of	the	purse	seine	fishing	fleet	of	the	Indian	Ocean.	Support	vessels	have	been	shown	to	
deploy	dFADs	in	areas	outside	fishing	grounds	so	as	to	anticipate	their	drift	expected	to	 last	 from	a	few	
weeks	to	a	few	months	to	aggregate	tuna	(Assan	et	al.,	2015).	Information	on	periods	and	areas	of	dFAD	
deployments	for	the	whole	fishery	(including	supply	vessels)	is	crucial	to	study	the	dynamics	of	dFADs	at	
                                                            
11	http://data.unep‐wcmc.org/datasets/1	 
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ocean	 scale.	 Also,	 an	 arbitrary	 choice	 of	 10	 distinct	 positions	 of	 deployment	 and	 1000	 simulations	
accounting	 for	horizontal	dispersion	was	made	 for	each	season	while	 this	may	have	a	strong	 impact	on	
our	results.	Future	work	will	focus	on	optimizing	the	simulation	scenarios	to	assess	the	robustness	of	the	
results	 to	 such	 parameters.	 Considering	 currents	 of	 higher	 resolution	 available	 from	 oceanographic	
models	 might	 be	 required,	 particularly	 in	 areas	 such	 as	 the	 Mozambique	 Channel	 characterized	 by	
complex	mesoscale	 and	 sub‐mesoscale	oceanographic	 features	 (Hancke	et	al.,	 2014).	 Finally,	 the	use	of	
climatology	 of	 ocean	 currents	 (i.e.	 mean	 over	 several	 years)	 should	 be	 considered	 for	 predictions	 to	
reduce	annual	variability	and	uncertainties	associated	with	global	products	such	as	OSCAR.	
	
	
3 Potential	environmental	impacts	of	beached	dFADs	
The	beaching	of	dFADs	has	the	potential	to	cause	physical	impacts	to	marine	habitats,	although	these	are	
not	well	documented.	There	 is	also	a	question	of	whether	dFADs,	which	are	primarily	constructed	from	
non‐biodegradable	materials,	constitute	marine	pollution.	These	two	separate	issues	are	explored	below.		
	
a.	Physical	impacts	of	dFAD	beaching	to	marine	habitats	
 
To	date,	research	on	the	environmental	impact	of	dFADs	has	primarily	focused	on	either	the	consequences	
of	an	increased	capture	of	juvenile	tunas	(Dagorn	et	al.,	2013;	Fonteneau	et	al.,	2015)	or	the	entanglement	
of	pelagic	species	within	the	dFAD	structure	(Filmalter	et	al.,	2013;	Blasi	et	al.,	2016).	While	the	impact	of	
this	 beaching	 is	 not	 well	 documented	 or	 understood,	 analogous	 studies	 on	 other	 abandoned,	 lost,	 or	
otherwise	discarded	fishing	gear	(ALDFG)	could	highlight	the	likely	impacts	caused	by	beached	dFADs.	
	
Old	 fishing	 nets	 are	 a	 common	material	 used	 in	 dFAD	 construction	 and	 previous	 studies	 have	 shown	
ALDFG	 nets	 to	 entangle	 significant	 numbers	 of	 animals,	 a	 process	 termed	 ‘ghost‐fishing’	 (Laist,	 1997;	
Stelfox	et	al.,	2016).	As	ALDFG	nets	age,	catch	rates	have	been	shown	to	decline	(Revill	and	Dunlin,	2003;	
Tschernij	 and	 Larsson,	 2003),	 possibly	 due	 to	 bio‐fouling	making	 nets	more	 visible	 (Revill	 and	Dunlin,	
2003)	or	because	bio‐foul	eventually	weighs	nets	down,	causing	them	to	lose	vertical	height	and	come	to	
rest	on	the	sea	floor	where	they	have	little	to	no	fishing	ability	(Baeta	et	al.,	2009).	However,	this	is	likely	
to	be	variable	by	habitat.	For	example,	nets	in	shallow	sandy	bottom	habitats	may	follow	this	pattern,	yet	
nets	caught	on	rocky	bottoms,	structures,	or	reefs	could	tear	and	form	larger	holes	for	larger	animals	to	
become	entangled	thus	altering	 the	catch	selectivity	of	 the	net	(Stelfox	et	al.,	2016).	 In	addition,	ALDFG	
material	may	get	colonised	by	smaller	animals	 looking	 for	 food	and	shelter,	which	 in	 turn	could	attract	
larger	predators	that	may	become	entangled,	potentially	prolonging	the	fishing	effect	(Carr,	1987).	Ghost	
fishing	may	be	particularly	damaging	if	it	occurs	in	important	foraging,	spawning	and	nesting	grounds,	or	
if	it	intercepts	migration	routes	(Gilman	et	al.,	2010).	
	
The	design	and	nature	of	dFADs	is	widely	variable	but	usually	consist	of	sub‐surface	aggregating	material	
made	 of	 old	 fishing	 nets	 tethered	 to	 a	 floating	 surface	 frame.	 Where	 nets	 are	 used,	 it	 is	 likely	 that	
monofilament	nets	are	likely	to	have	greater	ghost	fishing	capacity.	This	is	due	to	the	higher	visibility	of	
the	multifilament	nets	(Ayaz	et	al.,	2006).	Driven	by	concerns	over	shark	and	turtle	entanglement	within	
these	nets,	there	has	been	a	move	towards	changing	dFAD	designs	to	reduce	entanglement	(for	details	see	
MRAG,	2017).	These	consist	of	using	smaller	mesh	sizes	and	replacing	the	sub‐surface	net	curtains	with	
rolled	net	 ‘sausages’	 (Franco	et	al.,	 2009;	Balderson	and	Martin,	 2015).	However,	 these	 ‘sausages’	 have	
been	shown	 to	unravel,	questioning	 their	efficacy	at	 reducing	entanglement	 rates.	 In	addition,	 ‘sausage’	
nets	do	not	prevent	the	entanglement	of	corals,	although	dFADs	built	with	synthetic	rope	appear	to	be	less	
likely	 to	become	entangled	(Balderson	&	Martin	2015).	These	 factors	have	 led	to	organisations,	such	as	
the	International	Seafood	Sustainability	Foundation	(ISSF),	calling	for	the	term	‘non‐entangling’	dFADs	to	
be	reserved	for	solely	for	those	that	contain	no	netting	throughout	their	construction	(ISSF,	2015).	
	
ALDFG	has	also	been	shown	to	degrade	benthic	habitats	(Macfadyen	et	al.,	2009),	such	as	coral	reefs	as	
nets	are	prone	to	snagging	on	rocks,	sponges	and	corals.	Once	snagged,	the	wind	and	wave	forces	exerted	
on	the	net	may	break	away	from	the	reef,	damaging	habitat	in	the	process	(Donohue	et	al.,	2001).	Fishing	
gear	is	then	free	to	snag	on	another	coral	and	thus	the	process	repeats	itself.	Depending	on	the	species	and	
size	 of	 coral	 colonies,	 it	may	 take	 long	periods	 for	 the	 reef	 to	 recover	 from	 intense	physical	 trauma	 as	
corals	 grow	between	 0.4‐1.5	 cm	per	 year	 for	massive	 species	 and	 up	 to	 20	 cm	per	 year	 for	 branching	
species	 (e.g.	 Crabbe	 and	 Smith,	 2005).	 Recovery	 from	 other	 physical	 traumas	 have	 been	 estimated	 at	
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between	five	and	ten	years	to	recover	from	blast	fishing	(Fox	and	Caldwell,	2006),	or	ten	(Connell,	1997)	
to	40‐70	years	(Dollar	and	Tribble,	1993)	to	recover	from	storm	damage.	In	some	cases,	recovery	can	then	
follow	a	different	trajectory	and	the	reef	becomes	an	altered	community	(Hughes	et	al.,	2005).	It	is	difficult	
to	ascertain	 the	 impact	of	nets	on	other	habitats,	 such	as	seagrasses,	as	 few	have	studied	 the	 impact	of	
ALDFG.	 However,	 seagrass	 growth	 is	 known	 to	 be	 very	 slow,	 0.4‐7.4	 cm	 per	 year	 (Boudouresque	 and	
Jeudy	de	Grissac,	1983),	and	previous	studies	have	shown	that	seagrass	communities	 take	can	between	
1.4‐9.5	years	to	recover	from	mechanical	scarring	from	boats	(Kenworthy	et	al.,	2002).		
	
However,	the	impact	of	ALDFG	is	not	restricted	to	the	sub‐tidal	zone.	If	the	ALDFG	is	not	caught	within	an	
ocean	 gyre	 or	 caught	 on	 the	 benthos,	 then	 it	 will	 most	 likely	 come	 to	 rest	 along	 coastal	 beaches	 and	
shorelines.	 In	 some	 areas,	 ALDFG	 can	 account	 for	 more	 than	 half	 of	 the	 litter	 found	 on	 beaches	
(Hong	et	al.,	 2014).	 Beached	 litter	 can	 have	 both	 economic	 and	 ecological	 consequences.	 For	 example,	
beach	 litter	 may	 reduce	 a	 beach’s	 aesthetic	 appeal	 to	 tourists	 and	 possibly	 reduce	 visitor	 numbers.	
Alternatively,	litter	can	form	a	significant	proportion	of	sea‐bird	nest	building	material	(Schernewski	et	al.,	
2017;	Votier	et	al.,	2011)	and	can	negatively	affect	turtle	hatchlings	trying	to	reach	the	sea	(Özdilek	et	al.,	
2006).	
	
b.	Are	dFADs	categorised	as	marine	pollution?	
 
Most	 dFADs	 are	 constructed	 from	 non‐biodegradable	 materials,	 including	 nylon,	 polyethylene,	 metal,	
plastics	and	electronic	components	(Figure	3).	These	materials	typically	degrade	very	slowly,	often	only	
break	 up	 into	 smaller	 pieces	 through	mechanical	 action,	 and	 have	 the	 potential	 to	 pollute	 the	marine	
environment.	Synthetic	materials	such	as	these	can	then	enter	food‐webs	through	ingestion	by	plankton	
(Setälä	 et	 al.,	 2014),	 turtles	 (Schuyler	 et	 al.,	 2012)	 and	 corals	 (Hall	 et	 al.,	 2015),	 potential	 severely	
inhibiting	animal	fitness	(Wright	et	al.,	2013).	In	addition	to	this	chemical	pollution,	ALDFGs	also	have	the	
potential	 to	 biologically	 pollute	 ecosystems	 through	 the	 transportation	 of	 invasive	 species	 which	 can	
disrupt	 community	 structure	 and	 cause	 local	 extirpations	 of	 native	 species	 (Derraik,	 2002;	
Macfadyen	et	al.,	2009).	
	
There	 is	 no	 clear	 consensus	 on	whether	 dFADs	 breach	 international	 laws	 on	marine	 pollution	 as	 it	 is	
difficult	 to	 define	 when	 it	 has	 become	 ALFDG.	 If	 a	 dFAD	 was	 deliberately	 discarded	 this	 would	 likely	
violate	MARPOL	Annex	V,	and	would	also	likely	contravene	the	London	Convention,	although	the	question	
of	intentional	discarding	is	complex	and	difficult	to	resolve.	For	instance,	should	a	dFAD	be	considered	as	
abandoned	when	it	is	no	longer	being	used	by	a	fisher?	If	so,	at	what	point	might	that	be,	given	that	dFADs	
may	be	disregarded	temporarily	when	they	leave	fishing	grounds	but	tracked	once	again	when	they	drift	
back	 in?	Or,	 if	 a	dFAD	 is	 considered	as	abandoned	when	 its	GPS	buoy	 is	detached,	 how	should	 a	dFAD	
deployed	without	 a	 GPS	 buoy	 be	 classified?	 The	 definition	 is	 complicated	 further	 still	 by	 the	 frequent	
‘stealing’	 of	 dFADs	 at	 sea,	 when	 the	 GPS	 buoy	 belonging	 to	 one	 vessel	 is	 removed	 and	 replaced	 with	
another	from	the	new	vessel.	Does	the	dFAD	itself	also	change	ownership,	from	a	legal	perspective?		
	
Clearly	 the	use	of	dFADs	 is	subjective	and	 the	 issue	of	abandonment	 is	open	 to	 interpretation.	 In	2013,	
IOTC	 did	 not	 adopt	 a	 resolution	 proposed	 by	 EU‐France	 to	 prohibit	 the	 abandonment	 of	 dFADs,	
presumably	due	 in	part	 to	 these	uncertainties,	 and	 instead	agreed	 that	measures	 should	be	 included	 in	
dFAD	management	plans	of	individual	members.	The	issue	of	marine	pollution	is	not	a	priority	of	tRFMOs,	
and	 indeed	 may	 be	 argued	 to	 fall	 outside	 the	 scope	 of	 international	 fisheries	 management,	 and	
consequently	these	questions	may	only	be	properly	addressed	when	a	legal	case	is	brought	against	fishing	
companies.		
	
	
4 Possible	options	for	reducing	dFAD	beaching	events		
 
There	are	a	number	of	possible	ways	to	reduce	the	number	of	dFAD	beaching	events	on	sensitive	marine	
habitats.	 This	 includes	 1)	 regulatory	measures,	which	would	 be	 applied	 by	 the	 tRFMOs	 or	 coastal	 and	
island	 state	 governments;	 2)	 advances	 in	 dFAD	 design,	 which	 would	 likely	 come	 from	 collaboration	
between	fishing	companies,	researchers	and	NGOs/non‐profit	partnerships;	and	3)	economic	and	market	
incentives,	including	penalties,	which	would	be	responded	to	by	fishing	companies	and/or	fishers.	In	this	
paper	we	focus	only	on	regulatory	measures	and	advances	in	dFAD	design,	although	we	encourage	further	
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discussion	on	 the	 range	of	possible	economic	and	market	 incentives	 (e.g.	 ‘FAD‐free’	 tuna	produce)	 that	
could	 lead	to	a	reduction	 in	dFAD	use.	There	may	also	be	ways	 to	minimise	 the	severity	of	 the	 impacts	
caused	by	a	beached	dFAD,	such	as	using	materials	that	cause	minimal	abrasion	or	that	break	apart	easily.	
This	may	be	 an	 interesting	 avenue	 for	 research,	with	possible	 overlaps	with	 current	 efforts	 to	 develop	
biodegradable	dFADs,	although	is	not	discussed	further	here.	
	
a.	Fewer	dFADs	in	the	water	
 
Fewer	 dFADs	 deployed	 and	 at	 liberty	 in	 the	 oceans	 would,	 following	 the	 law	 of	 averages,	 reduce	 the	
frequency	of	beaching	events.	This	could	be	a	reduction	in	dFAD	numbers	overall,	or	a	localised	reduction	
in	dFAD	deployments	in	areas	with	the	highest	risk	of	beaching	events	occurring.		
	
i.	Overall	reduction	in	dFAD	numbers	
 
The	concept	of	limits	imposed	by	tRFMOs	on	the	use	of	dFADs	or	on	the	capacity	of	purse	seine	fleets	has	
been	the	subject	of	wider	discussions	on	the	sustainability	of	tropical	tuna	fisheries	(Davies	et	al.,	2014;	
Fonteneau	et	al.,	2015;	MRAG,	2017).	We	do	not	attempt	to	reproduce	these	discussions	here,	but	pick	out	
a	 number	 of	 possible	management	measures	 that	would	 in	 theory	 reduce	 the	 number	 of	 dFADs	 in	 the	
ocean.	We	 also	 note	 that,	 to	 date,	 three	 tRFMOs	 have	 implemented	 limits	 on	 dFAD	 use,	 either	 on	 the	
number	of	GPS	buoys	 that	can	be	actively	monitored	(IOTC	and	 ICCAT)	or	 the	number	of	 sets	made	on	
dFADs	(WCPFC);	however,	none	of	these	limits	directly	place	a	cap	on	the	number	of	dFADs	that	can	be	
deployed.		
		
Deployment	limits	
	
Setting	a	limit	on	the	number	of	dFADs	that	can	be	deployed	per	vessel	in	a	given	period	(e.g.	year,	month)	
would	 directly	 restrict	 the	 number	 of	 dFADs	 entering	 in	 the	 oceans.	 Compliance	with	 such	 a	measure	
would	require	monitoring	by	observers,	either	on	board	or	using	an	electronic	monitoring	system	(EMS).	
Alternatively,	dFAD	deployments	could	be	monitored	by	contracting	parties	and	non‐contracting	parties	
(CPCs)	 or	 tRFMOs	 directly	 using	 data	 provided	 by	 satellite	 tracking	 companies.	 However,	 to	 ensure	
accurate	accounting,	any	deployment	limit	monitored	remotely	in	this	way	would	need	to	be	accompanied	
by	the	additional	requirement	that	all	dFADs	are	deployed	with	an	activated	GPS	buoy.	Again,	compliance	
with	this	would	need	to	be	carefully	monitored	by	fishery	observers.		
	
A	challenge	to	this	system,	at	 least	from	the	perspective	of	some	fleet	owners,	 is	 if	and	how	to	allow	for	
replacement	of	dFADs	that	are	lost	at	sea.	Maintaining	a	predetermined	maximum	number	of	dFADs	in	the	
ocean	would	require	a	 coordinated	monitoring	and	accounting	system	along	 the	 lines	of	 that	described	
above,	i.e.	every	dFAD	is	deployed	with	a	GPS	buoy,	and,	when	the	a	vessel’s	deployment	limit	is	reached,	a	
replacement	 dFAD	 can	 be	 deployed	 only	 when	 it	 can	 be	 proven	 from	 tracking	 data	 that	 a	 previously	
deployed	 dFAD	 has	 been	 lost.	 This	 could	 be	 administered	 by	 fishing	 companies,	 but	 would	 require	
agreement	within	tRFMOs	on	when	a	dFAD	is	considered	as	 lost	and	the	protocol	 to	establish	this	from	
GPS	 data.	 There	 would	 also	 need	 to	 be	 agreed	 standards	 for	 reporting	 initial	 and	 replacement	 dFAD	
deployments	to	allow	for	the	monitoring	of	compliance.		
	
Fees	on	FAD	ownership	
 
An	alternative	mechanism	to	reducing	the	total	number	of	dFADs	in	use	might	be	to	introduce	a	fee	on	the	
deployment	of	dFADs	beyond	a	pre‐determined	number	set	by	the	tRFMO.	For	instance,	a	vessel	might	be	
allowed	to	deploy	150	dFADs	free	of	charge,	but	pay	a	fee	for	each	additional	dFAD	deployed	above	this	
limit,	possibly	on	an	increasing	sliding	scale.	This	would	raise	the	difficult	question	of	how	many	dFADs	
should	vessels	be	allowed	to	deploy	for	free,	with	fleet	owners	adopting	a	high‐dFAD	strategy	presumably	
arguing	for	a	higher	limit	than	those	with	a	more	free	school	targeted	strategy.	The	same	challenges	with	
respect	to	monitoring	compliance	and	allowing	 for	replacement	dFADs	would	apply	as	described	above	
for	deployment	limits.		
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A	pay‐per‐dFAD	model	could	in	theory	create	an	economic	incentive	against	the	proliferation	of	dFADs,	or	
at	least	would	encourage	fishing	companies	to	investigate	the	concept	of	an	economically	optimal	number	
of	 dFADs	 for	 their	 operations.	 The	 revenue	 generated	 from	 deployment	 fees	 might	 also	 be	 used	 by	
tRFMOs	to	pay	for	dFAD	recovery	measures	(see	Section	0).	However,	such	an	incentive	based	approach	
may	not	significantly	 limit	or	reduce	dFAD	use	if	 fishing	companies	determine	that	deploying	additional	
dFAD	is	worth	the	cost.	
	
Reduction	in	fleet	capacity	
 
In	some	regions,	a	reduction	in	the	capacity	of	purse	seine	fleets	–	either	through	the	number	of	vessels	or	
their	size	–	may	result	in	an	overall	reduction	in	the	use	of	dFADs.	This	is	based	on	the	observation	that	
the	use	of	dFADs	has	increased	against	a	background	of	increasing	fleet	capacity,	and	that	larger	vessels	
are	more	dependent	on	high	dFAD‐use	strategies	(Davies	et	al.,	2014).	Similarly,	a	reduction	in	dFAD	use	
may	be	achieved	 through	a	 reduction	 in	 the	number	of	 supply	 vessels,	which	 typically	 allow	 seiners	 to	
deploy	and	monitor	a	larger	number	of	dFADs.	However,	this	approach	would	only	be	effective	assuming	a	
linear	 relationship	 between	 the	 deployment	 of	 dFADs	 and	 the	 capacity	 of	 the	 fleet	 (or	 the	 number	 of	
supply	vessels).	While	this	has	appears	to	be	true	for	growth	 in	dFAD	use	to	date,	at	 least	 in	the	Indian	
Ocean	(Davies	et	al.,	2014),	there	is	a	possibility	that	a	shrinking	fleet	would	attempt	to	deploy	a	greater	
number	of	dFADs	per	vessel	in	an	attempt	to	maintain	the	number	of	dFADs	in	the	water.	
	
i.	Localised	reduction	in	dFAD	deployments	
 
Prohibiting	the	deployment	of	dFADs	in	certain	zones	and/or	at	certain	times	of	the	year	may	result	in	a	
disproportionate	reduction	in	dFAD	beaching	events.	This	localised	measure	would	not	aim	to	reduce	the	
overall	number	of	dFADs	deployed,	but	 rather	 to	prevent	 the	practice	 (intentional	or	not)	of	deploying	
dFADs	 into	 areas	 that,	 due	 to	 the	 prevailing	 current	 systems,	 have	 a	 high	 probability	 of	 beaching	 on	
islands	or	coastlines.	This	would	likely	require	agreement	within	tRFMOs	on	what	is	considered	as	‘high’	
probability	(e.g.	>50%,	>90%).	Proposed	zones	and	time	periods	to	prohibit	dFAD	deployment	could	be	
identified	by	analysing	historical	dFAD	GPS	tracks,	or	using	simulation	modelling	that	takes	into	account	
variability	in	oceanographic	processes	(see	Section	0).	It	is	likely	that	proposals	for	dFAD	no‐deployment	
zones	would	be	submitted	by	coastal	and	island	states	that	wish	to	reduce	dFAD	beaching	events	in	their	
waters,	although	there	may	also	be	some	interest	from	fishing	companies	that	are	seeking	to	reduce	the	
risk	 of	 losing	 their	 dFADs	 and	mitigate	 the	 environmental	 impacts	 of	 their	 operations	 (e.g.	 to	 achieve	
environmental	certification	standards).		
	
b.	Reduced	lifetime	of	dFADs	
 
There	 are	 currently	 initiatives	 aimed	 developing	 dFADs	 constructed	 using	 entirely	 biodegradable	
materials	(e.g.	Moreno	et	al.,	2016).	The	purpose	of	these	initiatives	is	ostensibly	to	avoid	pollution	when	
dFADs	sink	or	wash	up	in	coastal	areas,	but	biodegradable	dFADs	would	also	be	expected	to	break	apart	at	
sea	more	quickly	than	conventional	dFAD	designs	and	therefore	reduce	the	overall	risk	of	beaching	events	
occurring.	However,	precisely	how	quickly	biodegradable	dFADs	break	apart,	and	to	what	extent	this	will	
reduce	the	rate	of	beaching	events,	it	not	known	and	will	likely	depend	on	the	materials	used,	the	location	
of	deployment	and	the	ocean	region.	The	effective	working	life	of	a	dFAD	is	a	key	question	in	developing	
biodegradable	designs,	with	fishers	generally	requiring	a	lifetime	of	between	5	and	12	months	depending	
on	 the	 ocean	 region	 (Moreno	 et	al.,	 2016).	With	 that	 in	mind,	 this	 initiative	would	 appear	 to	 be	most	
relevant	 for	 those	 dFADs	 that	 drift	 for	 many	 months	 outside	 the	 main	 the	 fishing	 grounds	 (or	 the	
deployment	locations	that	result	in	these	trajectories).		
	
c.	Prevent	dFADs	entering	sensitive	areas	
 
The	most	targeted	approach	to	reducing	the	frequency	of	dFAD	beaching	events	is	to	prevent	dFADs	from	
entering	sensitive	coastal	areas.	However,	achieving	this	may	also	require	particularly	high	investment	of	
resources	(by	fishing	companies,	primarily)	or	innovative	dFAD	design	concepts.	Two	possible	initiatives	
are	described	below.		
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i.	Recovery	at	sea		
 
It	may	be	possible	for	dFADs	to	be	intercepted	and	recovered	on	board	before	they	drift	into	coastal	areas.	
This	would	be	possible	by	real‐time	monitoring	GPS	buoy	tracking	data	and	establishing	an	alert	system	to	
warn	 of	 likely	 beaching	 events.	 The	 effectiveness	 of	 any	 such	 recovery	 initiative	 would	 likely	 require	
additional	 regulation	 on	 dFAD	 use,	 namely	 that	 the	 entire	 dFADs	 must	 be	 recovered	 from	 the	 water	
(i.e.	both	the	GPS	buoy	and	the	raft	component)	and	also	the	prohibition	of	GPS	buoy	deactivation	until	the	
dFAD	is	recovered.	Together	these	measures	would	ensure	that	no	dFAD	structures	are	left	in	the	water,	
and	that	compliance	can	be	monitored	using	GPS	buoy	tracking	data.		
	
There	 are	 likely	 to	 be	 considerable	 practical	 challenges	 and	 limitations	 associated	 with	 this	 solution,	
including	 travel	 distances	 required	 to	 intercept	 dFADs,	 which	 types	 of	 vessel	 can	 undertake	 dFAD	
recoveries	(e.g.	must	be	equipped	with	crane	for	extraction	from	the	water),	and	possibly	the	availability	
of	 space	 on	 board	 to	 store	 recovered	 dFADs.	 Realistically,	 fishing	 companies	 may	 choose	 to	 deploy	
specialist	recovery	vessels	that	could	intercept	‘rouge’	dFADs,	rather	than	task	seiners	or	supply	vessels	to	
do	this,	which	would	 likely	be	disruptive	to	fishing	operations.	These	vessels	may	traverse	whole	ocean	
regions,	or	more	likely,	be	based	within	one	or	more	EEZs.		
	
The	geographic	scope	of	at	sea	recoveries	is	likely	to	be	determined	by	whether	dFAD	recovery	is	required	
by	tRFMO	conservation	and	management	measures	(CMMs),	or	established	through	bilateral	agreements	
between	fishing	companies	and	individual	coastal	states.	For	the	former,	all	potential	beaching	events	in	
all	 areas	 would	 need	 to	 be	 avoided,	 which	 would	 present	 the	 greatest	 logistical	 challenge	 for	 fishing	
companies	 (even	 if	 a	 CMM	 specified	 avoidance	 of	 beaching	 events	 on	 sensitive	 habitats	 only).	 For	 the	
latter,	 only	 beaching	 events	 in	 certain	 locations	 would	 need	 to	 be	 avoided,	 and	 fishing	 companies	 are	
perhaps	 more	 likely	 to	 base	 recovery	 vessels	 in	 those	 countries	 with	 which	 they	 have	 agreements	
(although	this	may	not	be	possible	in	some	remote	areas).		
	
ii.	Recovery	post‐beaching	
 
The	environmental	impact	of	dFAD	beaching	could	be	minimised	by	recovering	dFADs	that	have	become	
entangled	on	habitat	as	swiftly	as	possible.	One	such	inshore	recovery	initiative	has	been	launched	in	the	
Seychelles,	 where	 a	 part	 of	 the	 purse	 seine	 industry	 has	 engaged	 with	 several	 Seychelles‐based	
organisations12	 to	 develop	 a	 ‘FAD	 Watch’	 initiative	 for	 reporting	 and	 retrieving	 dFADs	 that	 are	
approaching	coral	habitats	and	have,	or	are	likely	to	become,	beached.	The	system	works	on	a	proximity	
alert	 system,	with	a	 local	organisation	sent	 the	position	of	a	GPS	buoy	by	 the	 tracking	service	provider	
when	it	enters	a	buffer	zone	around	a	coral	reef.	In	theory,	the	dFAD	is	then	intercepted	and	recovered,	
and	 brought	 back	 to	 land	 for	 recycling.	However,	 in	 reality	 there	 have	 been	 a	 number	 of	 challenges	 in	
accessing	 remote	 areas,	 locating	dFADs	 in	 the	water	 and	 safely	disentangling	netting	 caught	on	deeper	
habitat	(e.g.	requiring	diving)	(Island	Conservation	Society,	pers.	comm.).		
	
While	the	intention	of	inshore	recovery	initiatives	may	be	sound,	there	are	questions	on	the	effectiveness	
of	this	approach	in	minimising	environmental	impact,	and	whether	locally‐run	initiatives	can	function	in	
all	areas.	The	majority	of	the	environmental	damage	caused	by	dFAD	netting	and	rafts	to	sensitive	habitat	
may	occur	relatively	quickly,	for	instance	within	hours	or	days,	giving	only	a	short	window	of	opportunity	
make	a	meaningful	recovery.	However,	more	knowledge	is	needed	on	the	timeline	and	severity	of	damage	
to	 different	 habitat	 features	 (e.g.	 reef,	 seagrass,	 mangroves),	 and	 subsequent	 recovery	 rates,	 to	 better	
determine	what	an	appropriate	recovery	response	time	should	be.	More	generally,	at	a	regional	and	global	
level,	inshore	recovery	initiatives	are	likely	to	be	very	limited	in	their	geographic	scope,	as	in	many	areas	
it	may	be	difficult	 or	 impossible	 to	 recover	beached	dFADs	due	 to	 an	absence	of	 local	partners,	 lack	of	
human	resources	or	equipment	and/or	limitations	on	access.	
	
	
	

                                                            
12	OPAGAC	has	entered	into	an	agreement	with	the	Island	Conservation	Society	(ICS),	Islands	Development	Company	Ltd	(IDC)	and	
Seychelles	Fishing	Authority	(SFA).	
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iii.	FAD	design	
 
These	has	been	some	experiment	with	dFADs	constructed	with	deep	subsurface	structures	(e.g.	>70m),	
which	have	been	shown	to	drift	with	deeper	currents	that	do	not	intersect	coastal	(D.	Itano,	pers.	comm.).	
This	 passive	method	 of	 dFAD	 self‐avoidance	may	 be	 relatively	 cheap	 to	 adopt,	 although	 there	may	 be	
issues	 with	 storage	 space	 on	 board.	 However,	 there	 may	 be	 unintended	 fishing	 mortality	 and	 stock	
management	 consequences	 associated	with	deeper	nets,	 e.g.	 increased	 catch	of	deeper‐foraging	 species	
such	as	bigeye	(WCPFC,	2015).	Also,	beaching	events	that	do	occur	may	be	more	severe	given	there	will	be	
a	greater	amount	of	subsurface	structure	to	become	entangled	with	habitat.		
	
It	may	be	possible	 to	design	 self‐propelled	 ‘smart	dFADs’	 that	are	able	 to	actively	avoid	 shorelines	and	
shallow	atolls.	These	could	be	remote‐controlled	or	autonomous,	for	example	following	a	pre‐determined	
course	or	programed	with	a	 ‘coastline	avoidance’	protocol.	There	are	clear	design	challenges	associated	
with	this	concept,	although	it	 is	 likely	that	much	of	the	hardware	and	technology	required	does	already	
exist	 (e.g.	 propulsion	devices13,	 satellite	 communication,	 autonomous	programing).	 It	 is	 also	 very	 likely	
that	 smart	 dFADs	 would	 have	 a	 much	 higher	 unit	 costs	 than	 conventional	 (and	 even	 biodegradable)	
dFADs.	This	 increased	 cost	would	be	 expected	 to	affect	uptake	by	 the	purse	 seine	 industry,	 although	 it	
would	be	interesting	to	explore	whether	smart	dFADs	would	improve	efficiency,	for	instance	by	remaining	
in	the	most	productive	zones,	and	to	what	extent	this	might	offset	the	increased	unit	cost.		
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MANAGING	FAD	CAPACITY	AND	IMPACTS	ON	MARINE	ECOSYSTEMS	
	
John	Hampton,	Gerry	Leape,	Amanda	Nickson,	Victor	Restrepo,	Josu	Santiago,	David	Agnew,	Justin	Amande,	
Richard	Banks,	Maurice	Brownjohn,	Emmanuel	Chassot,	Ray	Clarke,	Tim	Davies,	David	Die,	Daniel	Gaertner,	
Grantly	Galland,	Dave	Gershman,	Michel	Goujon,	Martin	Hall,	Miguel	Herrera,	Kim	Holland,	Dave	Itano,	Taro	
Kawamoto,	Brian	Kumasi,	Alexandra	Maufroy,	Gala	Moreno,	Hilario	Murua,	Jefferson	Murua,	Graham	Pilling,	

Kurt	Schaefer,	Joe	Scutt	Phillips,	Marc	Taquet1		
	
	
Abstract	
	
The	 authors	 participated	 in	 the	 Global	 FAD	 Science	 Symposium,	 March	 20‐23,	 2017	 in	 Santa	 Monica,	
California	and	are	presented	without	affiliation.	This	paper	is	one	of	several	from	the	Symposium	and	does	
not	 represent	 an	 exhaustive	 discussion	 of	 the	 issue	 but	 includes	 points	 agreed	 by	 participants.	 The	
participants	 recognized	 that	 impacts	 of	 FADs	 and	 FAD	 management	 cannot	 be	 considered	 entirely	
independently	 of	 harvest	 strategies,	 issues	 related	 to	 fishing	 capacity,	 ecosystem	 structure,	 or	
management	of	all	other	 fishing	gears	 in	tropical	 tuna	fisheries.	None	of	these	points	alone	will	address	
the	management	challenges	associated	with	FAD	use.	The	effectiveness	of	any	of	these	points	will	depend	
on	 the	 levels	 of	 implementation	 and	 compliance	 and	need	 to	 be	 connected	 to	 processes	 in	 the	RFMOs.	
Participants	 underlined	 the	need	 for	 data	 harmonization,	 standardization,	 and	 availability	 and	 stressed	
the	need	 to	develop	standardized	 language	and	definitions	 to	support	consistent	 interpretation	of	what	
conservation	and	management	measures	 intend	 to	achieve	across	ocean	basins.	Participants	noted	 that	
“best	practices”	are	not	necessarily	“most	practical”	and	will	need	to	be	assessed	to	determine	which	are	
most	appropriate	to	apply	in	any	particular	management	setting	or	geographic	area.	Finally,	participants	
stressed	the	need	for	ongoing	and	close	collaboration	among	scientists,	managers,	and	industry	in	driving	
innovative	solutions	within	and	across	RFMOs.	The	points	presented	here	are	not	in	an	order	of	priority;	
priorities	and	solutions	may	change	on	a	regional	basis.	
	
Introduction	
	
The	contribution	of	FADs	to	the	overall	effective	fishing	effort	in	tropical	tuna	fisheries	is	a	combination	of	
the	number	of	FADs	deployed	by	each	vessel,	the	number	of	purse	seine	vessels	deploying	and	fishing	on	
FADs,	and	the	number	of	supply	vessels	managing	FADs	in	situ,	including	by	deploying	or	recovering	them.	
In	recent	decades,	the	numbers	of	all	three	of	these	components	of	FAD	capacity	have	increased,	leading	to	
a	situation	where	 tens	of	 thousands	of	new	FADs	are	deployed	each	year	 in	 tropical	waters	around	the	
world.	 Below,	 we	 highlight	 some	 of	 the	 agreed	 points	 highlighting	 the	 impacts	 of	 FADs	 on	 marine	
ecosystems	 that	were	 discussed	 at	 the	 Global	 FAD	 Science	 Symposium.1	We	 focus	 our	 points	 on	 three	
primary	topics	–	key	information,	proven	and	promising	approaches	to	mitigation,	and	gaps	in	the	current	
scientific	knowledge	on	the	issue.	
	

Key	information	
	

FADs	 increase	 the	 fishing	efficiency	of	purse	seine	vessels	and	are	now	deployed	wherever	purse	seine	
vessels	 target	 tropical	 tunas.	However,	 there	are	several	 indicators	that	the	current	 level	of	FAD	fishing	
and	FAD	deployment	may	be	negatively	impacting	tuna	stocks	–	by	contributing	disproportionately	to	the	
removal	of	small	tunas	–	and	other	non‐target	stocks.	The	wider	impacts	of	FADs	on	marine	ecosystems	
are	 not	 as	well	 understood,	 scientifically,	 but	 generally	 cover	 potential	 negative	 changes	 to	 the	 pelagic	
environment	associated	with	FAD	deployment,	use,	and	loss	and	to	sensitive	coastal	and	continental	shelf	
environments	associated	with	grounding	or	beaching.	Recent	studies	suggest	that	approximately	10%	of	
FADs	deployed	in	the	Atlantic	and	Indian	oceans	interact	with	coastal	ecosystems.	Impacts	of	FAD	use	on	
the	 pelagic	 environment	 require	 further	 research.	 With	 the	 constant	 exchange	 of	 FADs	 among	 fishing	
operations	(via	trading,	selling,	or	stealing),	it	is	difficult	to	know	how	many	FADs	are	in	the	water,	how	
long	they	 last,	and	who	 is/should	be	responsible	 for	mitigation	and	clean‐up	of	 the	 impacts	of	FADs	on	
marine	ecosystems.	

                                                            
1	 For	 more	 information	 about	 the	 Global	 FAD	 Science	 Symposium	 or	 about	 this	 paper,	 contact	 Grantly	 Galland	
(ggalland@pewtrusts.org).	
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Proven	and	promising	approaches	to	mitigation	
	
Most	of	the	known	ecosystem	impacts	of	FADs	stem	from	the	large	number	of	FADs	in	the	water	and	the	
possibility	 that	 they	 are	 lost	 or	 abandoned.	 Therefore,	management	 practices	 that	 limit	 the	 number	 of	
FADs	deployed,	reduce	the	likelihood	that	they	are	lost	or	abandoned,	and	encourage	their	recovery	will	
all	 mitigate	 their	 impact	 on	 pelagic,	 bottom,	 and	 coastal	 environments.	 If	 vessel	 numbers	 are	 held	
constant,	 directly	 limiting	 the	 number	 of	 FADs	 that	 can	 be	 deployed	 each	 year	 may	 be	 a	 promising	
approach	to	addressing	some	of	the	issues	associated	with	their	use.	However,	there	is	general	agreement	
that	if	a	limit	to	FAD	deployment	is	assigned	on	a	per	vessel	basis	(as	opposed	to	per	ocean	basin)	that	it	
will	 not	 be	 effective	without	 also	 limiting	 the	 expansion	 in	 number	 of	 vessels	 in	 a	 fishery	 (both	 purse	
seiners	and	support	vessels).	In	order	to	determine	what	is	an	appropriate	number	of	FADs	in	the	water	
and/or	to	enforce	deployment	limits,	it	is	necessary	to	be	able	to	validate	the	number	of	FADs	deployed	by	
each	vessel.	Electronic	monitoring	of	FAD	deployments,	both	by	purse	seine	vessels	and	support	vessels,	
and	FAD	tracking	in	the	ocean	and	post‐stranding,	are	important	components	of	FAD	management.	
	
Though	 there	 is	 not	 a	widely	 adopted	definition	of	 biodegradable	 FAD,	 encouraging	or	 requiring	purse	
seine	operations	 to	use	FADs	 that	have	a	minimal	 chance	of	becoming	part	of	 the	global	marine	debris	
problem	 is	 a	 promising	 approach	 to	 preventing	 interactions	 between	 this	 fishing	 gear	 and	 sensitive	
marine	ecosystems.	Use	of	non‐entangling	FADs	should	also	reduce	the	unintended	take	of	marine	life	by	
FADs	 that	 are	 lost	 or	 abandoned,	 though	 there	 is	 not	 currently	 a	 widely	 adopted	 definition	 of	 non‐
entangling	FAD.	
	
Most	purse	seine	fleets	are	now	required	to	produce	FAD	management	plans,	but	recovery	efforts	are	not	
often	 included.	 FAD	management	plans	 should	 include	 realistic	 FAD	 recovery	provisions	 that	minimize	
total	 FAD	 loss	 or	 FAD	 encounters	 with	 sensitive	 habitats.	 FAD	 tracking	 and	 recovery	 programs	 are	
promising	approaches	to	preventing	beaching	or	grounding	in	some	regions.	These	programs	may	involve	
partnerships	 between	 fishing	 operations	 and	 local	 groups	where	GPS	 tracking	 data	 are	 passed	 to	 local	
groups	who	can	intercept	FADs	before	they	reach	sensitive	areas.	Support	vessels	may	play	a	similar	role	
in	FAD	recovery	or	interception.	The	success	of	these	tracking	and	recovery	efforts	requires	each	FAD	to	
be	 equipped	with	 an	 active	 GPS	 buoy	 that	 should	 never	 be	 deactivated	while	 in	 the	water	 and	 should	
maintain	 a	minimum	 reporting	 frequency	 (determined	 by	 scientific	 requirements)	 at	 all	 times.	 General	
FAD	tracking	data	may	also	be	useful	in	identifying	regions	where	beaching	or	grounding	is	most	likely	to	
occur,	supporting	establishment	of	new	recovery	programs	in	these	potential	hotspots.	
	
Self‐propelled,	remotely	controlled	FADs	could	be	explored	as	a	means	of	preventing	FAD	 loss	and	FAD	
encounters	with	sensitive	habitats.	This	new	technology	is	currently	in	the	earliest	stages	of	development	
but	may	be	a	promising	approach	to	consider.	
	
All	 of	 the	 above	 proven	 and	 promising	 approaches	 to	 mitigating	 FAD	 impacts	 on	 marine	 ecosystems	
should	be	explored	and	developed	 in	 the	context	of	 clear	management	objectives	 so	 that	 scientists	and	
managers	know	how	to	examine	their	effectiveness.	
	
Gaps	in	current	scientific	knowledge	
	
Most	 of	 the	 current	 knowledge	 on	 the	 impacts	 of	 FADs	 on	 marine	 ecosystems	 involves	 beaching	 or	
grounding	of	FADs	in	coastal	and	continental	shelf	systems.	Less	is	known	about	the	impacts	of	FADs	on	
the	pelagic	environment.	Several	studies	have	tried	to	address	whether	habitat	perturbation	due	to	FADs	
may	 negatively	 impact	 populations	 of	 tropical	 tunas	 and	 other	 pelagic	 fishes,	 but	 scientists	 do	 not	
definitively	 agree	 on	 the	 conclusions.	 More	 research	 should	 be	 conducted	 on	 this	 issue	 and	 on	 the	
ecological	impacts	of	FADs	in	the	pelagic	environment,	in	general,	to	understand	the	effect	of	FADs	on	that	
ecosystem.		
	
Reliable,	 consistent	 data	 on	 FAD	 deployment	 and	 use	 continues	 to	 be	 difficult	 to	 obtain	 for	 many	
scientists.	Though	purse	seine	fishing	operations	often	collect	this	information	for	their	own	purposes	or	
to	 submit	 to	 their	 national	 authorities,	 much	 of	 it	 does	 not	 make	 it	 to	 the	 RFMOs	 under	 which	 their	
activities	are	managed.	A	revision	of	FAD	data	requirements	at	the	tuna	RFMOs	may	be	necessary	to	begin	
to	address	this	problem.		
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The	management	of	 FAD	capacity	 and	 the	 contribution	of	FADs	 to	 the	overall	 effective	 fishing	 effort	 in	
tropical	tuna	fisheries	will	require	some	clarification	of	FAD	ownership	issues.	In	addition	to	developing	a	
common	set	of	definitions	necessary	to	manage	FADs	across	multiple	ocean	basins,	RFMOs	will	need	to	
determine	who	owns	a	FAD	and	is	therefore	responsible	for	any	impact	that	it	has	on	marine	ecosystems.	
A	FAD’s	ownership	could	be	assigned	to	the	operation	that	deployed	it,	the	operation	that	most	recently	
fished	on	 it,	 the	operation	 that	most	 recently	attached	an	active	GPS	 tracking	buoy	 to	 it,	or	 some	other	
stakeholder.	 This	 clarification	will	 assist	 RFMOs	with	 compliance	 once	 FAD	management	measures	 are	
implemented.	
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THE	IMPACTS	OF	FAD	USE	ON	NON‐TARGET	SPECIES	
	
John	Hampton,	Gerry	Leape,	Amanda	Nickson,	Victor	Restrepo,	Josu	Santiago,	David	Agnew,	Justin	Amande,	
Richard	Banks,	Maurice	Brownjohn,	Emmanuel	Chassot,	Ray	Clarke,	Tim	Davies,	David	Die,	Daniel	Gaertner,	
Grantly	Galland,	Dave	Gershman,	Michel	Goujon,	Martin	Hall,	Miguel	Herrera,	Kim	Holland,	Dave	Itano,	Taro	
Kawamoto,	Brian	Kumasi,	Alexandra	Maufroy,	Gala	Moreno,	Hilario	Murua,	Jefferson	Murua,	Graham	Pilling,	

Kurt	Schaefer,	Joe	Scutt	Phillips,	Marc	Taquet	1		
	
	
Abstract	
	
The	 authors	 participated	 in	 the	 Global	 FAD	 Science	 Symposium,	 March	 20‐23,	 2017,	 in	 Santa	 Monica,	
California	and	are	presented	without	affiliation.	This	paper	is	one	of	several	from	the	Symposium	and	does	
not	 represent	 an	 exhaustive	 discussion	 of	 the	 issue	 but	 includes	 points	 agreed	 by	 participants.	 The	
participants	 recognized	 that	 impacts	 of	 FADs	 and	 FAD	 management	 cannot	 be	 considered	 entirely	
independently	 of	 harvest	 strategies,	 issues	 related	 to	 fishing	 capacity,	 ecosystem	 structure,	 or	
management	of	all	other	 fishing	gears	 in	tropical	 tuna	fisheries.	None	of	these	points	alone	will	address	
the	management	challenges	associated	with	FAD	use.	The	effectiveness	of	any	of	these	points	will	depend	
on	 the	 levels	 of	 implementation	 and	 compliance	 and	need	 to	 be	 connected	 to	 processes	 at	 the	RFMOs.	
Participants	 underlined	 the	need	 for	 data	 harmonization,	 standardization,	 and	 availability	 and	 stressed	
the	need	 to	develop	standardized	 language	and	definitions	 to	support	consistent	 interpretation	of	what	
conservation	and	management	measures	 intend	 to	achieve	across	ocean	basins.	Participants	noted	 that	
“best	practices”	are	not	necessarily	“most	practical”	and	will	need	to	be	assessed	to	determine	which	are	
most	appropriate	to	apply	in	any	particular	management	setting	or	geographic	area.	Finally,	participants	
stressed	the	need	for	ongoing	and	close	collaboration	among	scientists,	managers,	and	industry	in	driving	
innovative	solutions	within	and	across	RFMOs.	The	points	presented	here	are	not	in	an	order	of	priority;	
priorities	and	solutions	may	change	on	a	regional	basis.	
	
Introduction	
	

As	is	the	case	for	vessels	in	most	industrial	fisheries,	tuna	purse	seine	vessels	catch	and	sometimes	land	
non‐target	 species	 in	 addition	 to	 the	 tropical	 tunas	 that	 they	 target.	 Non‐target	 species	 typically	
encountered	by	vessels	fishing	in	association	with	fish	aggregating	devices	(FADs)	can	be	generally	binned	
into	three	taxonomic	categories:	sea	turtles,	sharks,	and	non‐target	bony	fishes.	Below,	we	highlight	some	
of	 the	 agreed	 points	 from	 the	 Global	 FAD	 Science	 Symposium,1	 dividing	 each	 taxonomic	 section	 into	
subsections	on	key	information,	proven	and	promising	approaches	to	mitigation,	and	gaps	in	the	current	
scientific	 knowledge	 on	 this	 issue.	 In	 addition	 to	 the	 specific	 points	 provided	 below,	 the	 value	 of	 crew	
training	 and	 communication	 to	 the	 fishing	 community	 were	 highlighted	 for	 turtles,	 sharks,	 and	 bony	
fishes.	
	
Sea	turtles	
	

Key	information	
	

Sea	turtle	interactions	with	purse	seine	operations	fishing	in	association	with	FADs	are	fairly	uncommon,	
and	mortality	 of	 turtles	 in	 purse	 seining	 operations	 is	 extremely	 low	 –	more	 than	 90%	 of	 sea	 turtles	
caught	in	purse	seine	nets	are	released	alive.	Best	practices	for	sea	turtle	release	are	available	and	have	
proven	successful.	However,	small	numbers	of	turtles	are	entangled	directly	in	FADs,	either	the	portion	of	
the	 FAD	 at	 the	 surface	 or	 the	 submerged	 netting	 hanging	 down	 into	 the	water	 column.	 Priority	 turtle	
species	may	vary	by	region	or	ocean	basin	and	should	be	established	for	each	area,	according	to	the	stock	
condition	of	the	species	encountered	by	purse	seine	fishing	operations.	As	a	result	of	sea	turtles’	unique	
life	 history	 strategy	 (generally	 coming	 onshore	 only	 to	 nest),	 open	 ocean	 fishing	 operations	may	 be	 a	
source	of	invaluable	information	on	species	or	population	occurrence	at	the	ocean	basin	scale,	particularly	
for	life	stages	(juveniles	and	adults	in	pelagic	environments)	where	data	are	generally	not	available.		

                                                            
1	 For	 more	 information	 about	 the	 Global	 FAD	 Science	 Symposium	 or	 about	 this	 paper,	 contact	 Grantly	 Galland	
(ggalland@pewtrusts.org).	
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Proven	and	promising	approaches	to	mitigation	
	
The	majority	of	sea	turtle	mortalities	resulting	from	purse	seine	fishing	in	association	with	FADs	are	the	
result	 of	 entanglement	 in	 the	 FAD	 itself.	 A	 proven	 approach	 to	 reducing	 this	 mortality	 involves	 FAD	
design.	Though	 there	 is	not	a	widely	adopted	definition	of	non‐entangling	FAD,	 it	 should	be	considered	
best	practice	to	construct	FADs	with	little	or	no	risk	of	entangling	sea	turtles.	This	involves	reducing	the	
amount	of	netting	used	on	the	portion	of	the	FAD	at	the	sea	surface	(often	called	the	“raft”)	or	submerged	
below.	The	raft,	in	particular,	should	not	include	netting	or	should	have	a	canvas	cover	over	any	netting,	as	
sea	turtles	have	a	tendency	to	climb	on	them	and	subsequently	become	entangled.	Reducing	the	surface	
area	 of	 the	 raft	 may	 also	 prevent	 turtles	 from	 attempting	 to	 “haul	 out”	 onto	 a	 FAD.	 For	 sea	 turtles	
encountered	 during	 fishing	 operations	 and	 encircled	 in	 the	 purse	 seine	 net,	 resuscitation/revival	 has	
proven	successful	at	 increasing	survivorship	of	turtles	that	are	released	from	the	net	or	from	the	vessel	
deck.	 Some	RFMOs	already	mandate	 specific	 care	 for	 sea	 turtles	 encountered	during	 fishing	operations	
(including	mandating	the	use	of	recovery	tanks	on	board).		
	
Gaps	in	current	scientific	knowledge	
	
As	there	are	clear,	proven	methods	to	reduce	or	eliminate	sea	turtle	bycatch	by	purse	seine	operations	or	
FADs,	there	are	currently	no	pressing	gaps	in	the	scientific	knowledge	of	this	issue.	
	
Sharks	
	
Key	information	
	
Sharks	make	 up	 a	 small	 percentage	 of	 the	 catch	 (0.5%	by	weight)	 of	 purse	 seine	 operations	 fishing	 in	
association	with	FADs,	low	compared	to	other	tuna	fishing	gears	but	higher	than	purse	seine	operations	
fishing	on	unassociated	tuna	schools.	Though	the	relative	numbers	are	low,	the	very	large	scale	of	these	
fisheries	 means	 that	 catch	 can	 be	 significant	 for	 some	 species,	 primarily	 silky	 shark	 –	 a	 common	
component	of	purse	 seine	bycatch	–	and	oceanic	whitetip	 shark	–	 less	 common	 in	 the	 catch	but	highly	
vulnerable	 to	 overexploitation.	 Though	 unintended	 shark	 catch	 is	 generally	 higher	 when	 fishing	 in	
association	with	FADS,	some	species	(e.g.,	hammerhead	sharks,	mobulid	rays,	etc.)	are	more	common	in	
unassociated	purse	seine	sets.	The	relative	impact	of	purse	seine	fisheries	on	sharks	varies	by	ocean	basin.	
In	addition	 to	being	 captured	directly	during	 fishing	activity,	 sharks	may	become	entangled	 in	 the	FAD	
itself	 if	 it	 is	made	of	components	 in	the	water	column	that	 include	 loose	netting	with	mesh	size	greater	
than	 approximately	 seven	 centimeters.	 The	magnitude	 of	 this	 entanglement	 problem	 also	may	 vary	 by	
ocean	basin.	
	 	
Proven	and	promising	approaches	to	mitigation	
	
A	proven	approach	to	reducing	shark	mortality	from	entanglement	in	the	FAD	itself	involves	FAD	design.	
Though	 there	 is	 not	 a	 widely	 adopted	 definition	 of	 non‐entangling	 FAD,	 it	 should	 be	 considered	 best	
practice	 to	construct	FADs	with	 little	or	no	risk	of	entangling	sharks	by	avoiding	using	netting	or	other	
entangling	materials.	There	are	several	steps	that	can	be	taken	to	reduce	mortality	of	sharks	encountered	
during	fishing	operations.	Shifting	fishing	effort	from	FAD‐associated	tuna	schools	to	unassociated	schools	
reduces	 overall	 shark	 mortality	 (but	 may	 increase	 mortality	 of	 some	 sensitive	 species	 such	 as	
hammerhead	sharks	and	mobulid	rays).	Avoiding	setting	on	small	FAD‐associated	tuna	schools	results	in	a	
lower	bycatch	rate	 since	 the	abundance	of	non‐target	species	 is	 independent	of	 tuna	school	 size.	These	
proven	 practices	 reduce	 the	 likelihood	 that	 sharks	 are	 encountered	 during	 fishing	 operations.	
Identification	and	avoidance	of	shark	“hot	spots”	is	a	promising	approach	to	further	reduce	the	likelihood	
that	sharks	are	encountered.	For	sharks	that	are	encircled	in	the	purse	seine	net,	one	promising	approach	
is	 fishing	 the	 sharks	 out	 of	 the	 net	 using	 handline,	 longline,	 or	 other	 gear.	 This	 practice	 should	 be	
emphasized	as	encircled	sharks	are	often	still	in	good	condition.	If	a	shark	makes	it	onto	the	deck	of	the	
purse	seine	vessel,	 there	are	published,	proven	practices	 for	safe	handling	 that	 can	 increase	survival	 to	
20%	of	individuals	that	reach	the	deck.	These	best	handling	practices	should	be	implemented	in	all	ocean	
basins.		
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Gaps	in	current	scientific	knowledge	
	
In	addition	to	the	general	data	gaps	associated	with	most	shark	fisheries,	there	are	some	specific	areas	of	
shark	research	that	are	particularly	relevant	to	FAD	fishing.	Increased	knowledge	on	the	biology	and	life	
history	 of	 silky	 sharks	 and	 oceanic	 whitetip	 sharks	 would	 be	 useful	 in	 determining	 new	 methods	 to	
mitigate	their	bycatch	in	FAD‐associated	purse	seine	fisheries.	Information	on	the	FAD	colonization	rates	
and	behaviors	of	these	sensitive	species	would	be	particularly	useful.	There	is	a	general	need	for	more	in	
situ	studies	on	ways	to	discourage	sharks	of	all	species	from	aggregating	to	FADs	or	to	scare	them	away	
from	FADs	before	commencing	fishing	operations.		
	
Non‐target	bony	fishes	
	
Key	information	
	
Non‐target	 bony	 fishes	 represent	 1‐2.5%	 of	 the	 catch	 (by	weight)	 of	 purse	 seine	 operations	 fishing	 in	
association	with	FADs,	with	some	variability	among	ocean	basins.	Though	non‐target	bony	fishes	are	also	
caught	in	unassociated	purse	seine	sets,	there	are	more	individuals,	higher	biomass,	and	greater	diversity	
of	these	species	caught	in	FAD‐associated	sets.	There	is	little	to	no	information	on	the	stock	status	of	most	
non‐target	bony	fishes,	and	lack	of	data	makes	it	difficult	for	scientists	to	conduct	even	rudimentary	stock	
assessments.	However,	many	of	these	species	are	considered	to	be	of	 low	conservation	concern,	as	they	
are	 fast	 growing,	 highly	 fecund,	 abundant	 species.	 Non‐target	 bony	 fishes	 are	 utilized	 by	 the	 crew	 for	
personal	 consumption	or	 landed	 for	 sale	 in	 some	 regions	but	discarded	 in	others.	 In	 cases	where	 local	
markets	 for	these	species	have	become	lucrative,	prices	may	be	higher	than	those	for	skipjack.	As	such,	
these	 species	 may	 be	 targeted	 in	 some	 areas	 and	 should	 be	 managed	 via	 the	 ecological	 approach	 to	
fisheries	management.	
	
Proven	and	promising	approaches	to	mitigation	
	
There	are	few	proven	methods	to	reducing	incidental	catch	of	non‐target	bony	fishes.	However,	as	is	the	
case	 with	 sharks,	 a	 shift	 in	 fishing	 effort	 from	 FAD‐associated	 tuna	 schools	 to	 unassociated	 schools	
reduces	 this	unintentional	catch,	and	avoidance	of	 small	FAD‐associated	tuna	schools	reduces	 the	catch	
rate	of	 these	species.	Reducing	dead	discards	and	promoting	utilization	could	help	 improve	monitoring,	
reduce	waste,	and	potentially	 improve	food	security	 in	some	regions.	 Increased	utilization,	 though,	may	
lead	to	conflicts	with	local,	artisanal	fisheries	and	may	indirectly	encourage	targeting	by	purse	seiners	of	
previously	non‐target	species.	
	
Gaps	in	current	scientific	knowledge	
	
There	is	a	lack	of	information	on	stock	status	for	most	non‐target	bony	fishes	caught	in	association	with	
FADs.	Collection	of	fisheries‐related	data	for	monitoring	purposes	will	help	RFMOs	determine	if	and	when	
mitigation	measures	 are	 needed	 for	 any	 of	 these	 species.	 Research	 on	 non‐target	 bony	 fish	 release	 or	
escape	would	be	useful	 in	determining	ways	 to	 reduce	morality	 of	 these	 species	 once	 they	 are	 already	
encircled	in	the	purse	seine	net.	Investigating	the	effect	of	purse	seine	net	mesh	size	on	bycatch	rates	of	
these	species	is	one	example	of	research	that	could	improve	the	management	of	non‐target	bony	fishes.	
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Abstract	
	
The	 authors	 participated	 in	 the	 Global	 FAD	 Science	 Symposium,	 March	 20‐23,	 2017,	 in	 Santa	 Monica,	
California	and	are	presented	without	affiliation.	This	paper	is	one	of	several	from	the	Symposium	and	does	
not	 represent	 an	 exhaustive	 discussion	 of	 the	 issue	 but	 includes	 points	 agreed	 by	 participants.	 The	
participants	 recognized	 that	 impacts	 of	 FADs	 and	 FAD	 management	 cannot	 be	 considered	 entirely	
independently	 of	 harvest	 strategies,	 issues	 related	 to	 fishing	 capacity,	 ecosystem	 structure,	 or	
management	of	all	other	 fishing	gears	 in	tropical	 tuna	fisheries.	None	of	these	points	alone	will	address	
the	management	challenges	associated	with	FAD	use.	The	effectiveness	of	any	of	these	points	will	depend	
on	 the	 levels	 of	 implementation	 and	 compliance	 and	need	 to	 be	 connected	 to	 processes	 in	 the	RFMOs.	
Participants	 underlined	 the	need	 for	 data	 harmonization,	 standardization,	 and	 availability	 and	 stressed	
the	need	 to	develop	standardized	 language	and	definitions	 to	support	consistent	 interpretation	of	what	
conservation	and	management	measures	 intend	 to	achieve	across	ocean	basins.	Participants	noted	 that	
“best	practices”	are	not	necessarily	“most	practical”	and	will	need	to	be	assessed	to	determine	which	are	
most	appropriate	to	apply	in	any	particular	management	setting	or	geographic	area.	Finally,	participants	
stressed	the	need	for	ongoing	and	close	collaboration	among	scientists,	managers,	and	industry	in	driving	
innovative	solutions	within	and	across	RFMOs.	The	points	presented	here	are	not	in	an	order	of	priority;	
priorities	and	solutions	may	change	on	a	regional	basis.	
	
Introduction		
	
Increasing	use	of	FADs	and	development	of	associated	technology	has	increased	the	impacts	on	juvenile	
and	 small	 bigeye	 and	 yellowfin	 tunas,	which	 are	 caught	 in	 FAD‐associated	purse	 seine	 sets	 and	mostly	
retained	but	occasionally	discarded.	Mitigating	that	catch	has	challenged	tuna	RFMOs.	This	paper	presents	
conclusions	agreed	by	participants	at	 the	Global	FAD	Science	Symposium,1	 summarizing	key	contextual	
information	related	to	catches	and	management	of	bigeye	and	yellowfin	 in	 the	FAD	 fishery,	proven	and	
promising	‘best	practices’	to	mitigate	those	catches,	and	gaps	in	current	scientific	knowledge.	
	
Key	information	
	 	
Since	 the	 1990s,	 increasing	 use	 of	 FADs	 and	 improving	 technology	 related	 to	 the	 devices	 has	 fuelled	
improvements	 in	 the	efficiency	and	profitability	of	 the	purse	seine	 fishery,	 leading	to	greater	catches	of	
the	primary	target	species	skipjack	tuna,	but	adding	to	the	impacts	on	bigeye	and	yellowfin	tunas,	caught	
as	juvenile	or	small	fish.	Scientific	data	collected	by	tagging	and	fishery	observations	indicate	that	bigeye,	
in	particular,	appears	differentially	vulnerable	to	being	caught	by	sets	on	FADs.	Management	of	FADs	in	
RFMOs	 has	 sought	 to	 maximize	 the	 catch	 of	 skipjack	 at	 sustainable	 levels	 while	 mitigating	 catches	 of	
bigeye	 and	 yellowfin.	 Meanwhile,	 the	 development	 of	 FAD	 fisheries	 has	 occurred	 amidst	 increasing	
numbers	 of	purse	 seine	 and	 support	 vessels	 entering	 the	 global	 fishery.	More	 effective	management	 of	
FADs	needs	to	be	placed	within	a	greater	context	that	considers	the	overall	purse	seine	fleet	capacity	and	
effective	fishing	effort,	as	well	as	impacts	from	other	gears,	to	achieve	management	objectives	that	should	
be	clearly	specified	by	the	RFMOs.		
	
	
	
                                                            
1	 For	 more	 information	 about	 the	 Global	 FAD	 Science	 Symposium	 or	 about	 this	 paper,	 contact	 Grantly	 Galland	
(ggalland@pewtrusts.org).	
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Proven	and	promising	approaches	to	mitigation	
	
Currently	available		
	
Existing	 approaches	 to	 mitigate	 bigeye	 and	 yellowfin	 mortality,	 used	 singly	 or	 in	 combination,	 were	
reviewed	for	what	works	and	what	does	not	to	identify	a	currently	available	‘best	practice.’	One	approach	
establishes	a	closure	that	prohibits	setting	on	FADs	within	a	defined	area	and/or	period	of	time.	Although	
experience	with	closures	in	certain	ocean	areas	shows	they	constrain	the	catch	of	bigeye,	it	is	notable	that	
the	control	is	applied	only	during	the	terms	of	the	closure.	A	second	approach	places	total	annual	limits	on	
the	number	 of	 FAD	 sets	or	 tonnage	of	 bigeye	 and/or	 yellowfin.	While	 effective	 at	mitigating	 catches	of	
bigeye	and/or	yellowfin,	 total	annual	 limits	may	need	to	be	allocated	among	 fishing	parties,	or	 in	some	
cases	 by	 zones,	 which	 could	 invite	 a	 negotiating	 process.	 A	 third	 approach	 establishes	 per‐vessel	 FAD	
buoy	limits.	In	practice,	however,	buoy	limits	set	to	date	in	certain	ocean	areas	have	not	been	restrictive	at	
the	fleet	level	and	a	lack	of	relevant	scientific	information	does	not	allow	for	setting	science‐based	limits	
that	would	be	consistent	with	management	objectives.	Because	establishing	year‐round	control	over	FAD	
use	is	desirable	and	given	experience	with	what	works,	this	review	shows	that	annual	limits	on	FAD	sets	
or	 bigeye/yellowfin	 catches	 constitutes	 a	 current	 ‘best	 practice’	 approach.	 In	 this	 light,	 RFMOs	 should	
consider	developing	appropriate	limits	on	FAD	sets	or	bigeye/yellowfin	catches	for	full‐time	application.	
These	limits	should	be	developed	within	a	greater	context	of	comprehensive	tropical	tuna	management.	If	
employing	 FAD	 set	 limits,	 an	 interim	 limit	 on	 the	 number	 of	 total	 FAD	 buoys	 deployed	 should	 be	
established	 to	 prevent	 unrestricted	 ‘cherry	 picking’	 from	 amongst	 an	 unmanaged	number	 of	 FADs	 and	
avoid	undesirable	changes	in	tuna	aggregation	dynamics.	A	buoy	limit	may	also	incentivize	a	vessel	owner	
to	 operate	 efficiently	 to	maximize	profit	 from	each	buoy	 and	minimize	buoy	 loss.	 In	 addition,	 common	
standards	 for	 effective	 RFMO/national	 FAD	 management	 plans	 should	 be	 established	 to	 improve	 and	
harmonize	 data	 collection,	 which	 is	 discussed	 separately	 below.	 RFMOs	 should	 also	 adopt	 a	 common	
definition	of	a	FAD	set	to	enhance	verifiability	and	compliance.		
	
Promising	and/or	potential	approaches	
	
A	 range	 of	 additional	 approaches	 applying	 new	 technologies	 or	 incentives	 are	 being	 examined.	 One	
promising	 approach	would	 identify	 the	 species	 composition	before	 an	 operator	 commits	 to	 a	 set	 using	
data	from	the	echosounder	buoys	on	FADs	and	acoustic	equipment	on	board	the	vessel	to	avoid	setting	on	
large	 quantities	 of	 juvenile	 and	 small	 bigeye	 and/or	 yellowfin.	 The	 technology	 requires	 further	
development	 to	 discriminate	 among	 the	 tropical	 tunas	 with	 reliability	 and	 a	 regulatory	 or	 market	
incentive	 to	 promote	 ‘good	 choices’	 among	 vessel	 operators.	 Cooperation	 among	 fisheries	 scientists,	
vessel	operators	and	buoy	manufacturers	could	promote	development	of	this	technology	to	achieve	pre‐
set	species	identification.	Dynamic	closures	in	use	in	other	fisheries	could	be	promising	in	tuna	fisheries	
but	 require	 accurate	 real‐time	 monitoring	 of	 species	 composition,	 catch	 rates	 and	 levels,	 and	 a	
management	 system	 capable	 of	 operating	 in	 short	 time‐scales.	 Also	 promising	 are	 economic	 incentives	
that	 encourage	 greater	 effort	 on	 free	 school	 fish,	 such	 as	 through	market	 certification	 or	 other	 pricing	
schemes	 that	 reward	 free	 school	 fish	 with	 greater	 prices.	 Enhancing	 the	 selectivity	 of	 the	 purse	 seine	
fishery	through	changes	 to	net	depth	or	operational	characteristics	appears	not	conducive	 to	mitigating	
catches	of	juvenile	and	small	bigeye	or	yellowfin,	but	could	be	promising	in	areas,	such	as	portions	of	the	
Western	 and	 Central	 Pacific	 Ocean	 (WCPO),	 due	 to	 certain	 oceanographic	 conditions.	 Finally,	 other	
mitigation	approaches	being	explored,	such	as	changes	to	FAD	design	or	the	introduction	of	purse	seine	
net	sorting	grids,	have	not	been	able	to	reliably	mitigate	undesirable	tuna	catch.	Meanwhile,	identification	
of	bigeye	hotspots	in	some	ocean	areas,	such	as	the	WCPO,	requires	greater	investigation.	
	
Gaps	in	current	scientific	knowledge	
	
More	information	is	needed	to	understand	the	interactions	between	FADs,	vessel	operations	and	fishery	
dynamics	to	improve	scientific	assessments	and	design	improved	management	interventions.	Critical	data	
gaps	 exist.	 Some	 RFMOs,	 for	 instance,	 lack	 data	 on	 the	 total	 numbers,	 locations	 and	 designs	 of	 FADs	
deployed	 and	 set	 upon.	 RFMOs	 should	 close	 these	 data	 gaps	 as	 a	 matter	 of	 priority	 by	 implementing	
existing	 tools	 such	 as	 observer	 programs	 and/or	 e‐monitoring	 of	 purse	 seine	 vessels	 and	 Vessel	
Monitoring	Systems.	Collecting	new	types	of	data	on	the	operational	and	economic	characteristics	of	purse	
seine	 vessels	 and	 acquiring	 data	 transmitted	 from	 FAD	 echosounder	 buoys	 –	 potentially	 with	 an	
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appropriate	 time	 lag	or	other	confidentiality	measures	–	opens	up	new	opportunities.	 Integrating	 those	
data	 with	 observer	 and	 catch	 data	 could	 lead	 to	 the	 identification	 of	 impacts	 of	 FAD	 densities	 on	 the	
fishery,	locations	of	potential	bigeye	hotspots,	and	determine	why	the	catch	of	bigeye	varies	among	purse	
seine	vessels	fishing	in	the	same	ocean	basin	(i.e.	why	do	some	vessels	catch	more	bigeye	than	others?).	
More	 information	 also	 is	 required	 to	 understand	 the	 associative	 behaviours	 of	 the	 tropical	 tunas	 in	 all	
ocean	areas,	including	their	spatial	variability	and	vulnerability.	A	wide‐scale	collection	of	individual	FAD	
deployment,	tracking,	and	set‐history	data	could	also	help	scientists	develop	a	purse	seine	catch	per	unit	
effort	(CPUE)	index,	which	could	prove	valuable	for	stock	assessment	and	understanding	stock	dynamics.	
Most	stock	assessments	for	tropical	tunas	use	only	longline	and	pole	and	line	CPUE	indices,	though	most	
of	the	catch	comes	from	purse	seine	operations.	In	addition,	there	remains	a	need	to	develop	harmonized	
FAD	 fishery	 indicators	 (e.g.,	 number	 of	 sets,	 ratio	 of	 FAD‐associated	 sets	 to	 unassociated	 sets,	 etc.)	 to	
estimate	 the	 contribution	of	 FADs	 to	 the	overall	 effective	 fishing	 effort	 in	 tropical	 tuna	 fisheries	 across	
ocean	regions.	
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Abstract	
	

The	 authors	 participated	 in	 the	 Global	 FAD	 Science	 Symposium,	 March	 20‐23,	 2017	 in	 Santa	 Monica,	
California	and	are	presented	without	affiliation.	This	paper	is	one	of	several	from	the	Symposium	and	does	
not	 represent	 an	 exhaustive	 discussion	 of	 the	 issue	 but	 includes	 points	 agreed	 by	 participants.	 The	
participants	 recognized	 that	 impacts	 of	 FADs	 and	 FAD	 management	 cannot	 be	 considered	 entirely	
independently	 of	 harvest	 strategies,	 issues	 related	 to	 fishing	 capacity,	 ecosystem	 structure,	 or	
management	of	all	other	 fishing	gears	 in	tropical	 tuna	fisheries.	None	of	these	points	alone	will	address	
the	management	challenges	associated	with	FAD	use.	The	effectiveness	of	any	of	these	points	will	depend	
on	 the	 levels	 of	 implementation	 and	 compliance	 and	need	 to	 be	 connected	 to	 processes	 in	 the	RFMOs.	
Participants	 underlined	 the	need	 for	 data	 harmonization,	 standardization,	 and	 availability	 and	 stressed	
the	need	 to	develop	standardized	 language	and	definitions	 to	support	consistent	 interpretation	of	what	
conservation	and	management	measures	 intend	 to	achieve	across	ocean	basins.	Participants	noted	 that	
“best	practices”	are	not	necessarily	“most	practical”	and	will	need	to	be	assessed	to	determine	which	are	
most	appropriate	to	apply	in	any	particular	management	setting	or	geographic	area.	Finally,	participants	
stressed	the	need	for	ongoing	and	close	collaboration	among	scientists,	managers,	and	industry	in	driving	
innovative	solutions	within	and	across	RFMOs.	The	points	presented	here	are	not	in	an	order	of	priority;	
priorities	and	solutions	may	change	on	a	regional	basis.	
	

Introduction	
	

Continuing	 improvements	 in	FAD	technology	since	the	devices	were	embraced	by	the	global	 tuna	purse	
seine	fleet	 in	the	mid‐1990s	has	increased	the	efficiency	of	vessels	and	the	catches	of	the	main	targeted	
species	 of	 skipjack	 tuna.	 At	 the	 same	 time,	 this	 trend	 has	 contributed	 to	 the	 undesirable	 impacts	 on	
juvenile	and	small	bigeye	and/or	yellowfin	tunas.	This	paper	presents	points	agreed	by	participants	at	the	
Global	FAD	Science	Symposium1,	where	key	information	and	suggested	next	steps	were	discussed	on	the	
potential	for	technology	from	echosounder	buoys	to	be	used	to	develop	new	approaches	to	mitigate	the	
catch	of	juvenile	and	small	bigeye	and/or	yellowfin.		
	

Key	information	
	

Since	the	introduction	of	echosounder	buoys	about	10	years	ago,	the	global	purse	seine	fleet	has	rapidly	
moved	 to	 deploy	 them	 in	 greater	 numbers	 in	 FAD‐associated	 fishing	 operations.	 Once	 simple	 floating	
objects,	FADs	are	now	sophisticated	 instruments,	 linked	via	 satellite	 to	purse	 seine	operations	 that	 can	
track	 the	 global	 positioning	 devices	 on	 the	 buoys	 as	 they	 drift	 along	 the	 surface	 of	 the	 ocean.	 The	
introduction	 of	 echosounder	 devices	 on	 75	 to	 100	 percent	 of	 the	 buoys	 used	 in	many	 fleets	 and	 their	
accompanying	 computer	 algorithms	 translates	 acoustic	 returns	 from	 the	 fish	 into	 a	 rough	 indication	of	
total	biomass	in	proximity	to	the	FAD	that	is	then	displayed	as	an	image	to	vessel	operators	in	real	time.	At	
this	time,	the	technology	cannot	reliably	estimate	species	and	size	composition.	Estimates	of	total	biomass	
also	can	vary	from	the	tonnages	actually	caught.	Buoys	of	different	manufacturers	have	different	levels	of	
reliability	 and	 range.	 However,	 improvements	 in	 the	 technology	 are	 feasible.	 Assessing	 species	
composition	 via	 echosounder	 buoys	 and	 acoustic	 equipment	 is	 increasingly	 promising	 as	 a	 means	 to	
mitigate	the	catch	of	undesirable	species.	With	the	ability	to	discriminate	among	species	under	a	FAD,	an	
operator	 could	avoid	 large	aggregations	of	 juvenile	 and	 small	 bigeye	 and/or	 yellowfin,	 choosing	 to	 fish	
only	on	large	aggregations	of	skipjack.		
                                                            
1	 For	 more	 information	 about	 the	 Global	 FAD	 Science	 Symposium	 or	 about	 this	 paper,	 contact	 Grantly	 Galland	
(ggalland@pewtrusts.org).	
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Next	steps	
	
Sharing	 information	 among	 scientists,	 vessel	 operators	 and	 buoy	 manufacturers	 would	 lead	 to	 the	
greatest	 improvements	 in	 the	 technology.	 Greater	 understanding	 of	 the	 acoustic	 properties	 of	 tunas	 is	
required	 to	 distinguish	 reliably	 among	 species	 and	 size.	 The	 lack	 of	 a	 swim	 bladder	 in	 skipjack	 holds	
promise	 for	 distinguishing	 that	 species	 from	 the	other	 tropical	 tunas	 in	 a	mixed	 aggregation,	 but	more	
research	is	needed	to	identify	a	path	forward	to	distinguish	bigeye	from	yellowfin	and	to	identify	different	
size	 classes	 of	 these	 species.	 To	 be	 useful	 in	 providing	 information	 for	 the	 purpose	 of	 mitigating	
undesirable	catch,	biomass	estimates	need	to	be	improved	and	displayed	in	an	objective	system	that	does	
not	rely	on	the	interpretative	skills	of	a	skipper	to	be	reliable.	In	addition,	vessel	operators	need	incentives	
to	 make	 ‘good	 choices’	 based	 on	 the	 biomass	 information	 displayed.	 Incentives	 could	 be	 regulatory	 –	
prohibitions	 on	 setting	 on	 large	 quantities	 of	 juvenile	 and	 small	 bigeye	 and/or	 yellowfin	 –	 or	market‐
based.		



Joint	t‐RFMO	FAD	Working	Group	meeting	 			 													Doc.	No.	j‐FAD_24/2017	
April	11,	2017	(12:46	PM)	 	 	

 

Page	1	of	3	

Original:	English	
	

MITIGATING	THE	IMPACTS	OF	FAD	USE	ON	TROPICAL	TUNA	STOCKS	
	

Grantly	R.	Galland,	David	J.	Gershman,	Amanda	E.	M.	Nickson1		
	
	
Background	
	
Compared	to	other	methods	of	tuna	fishing,	purse	seine	operations	that	target	skipjack	using	FADs	often	
catch	 very	 high	 numbers	 of	 juvenile	 and	 small	 bigeye	 and	 yellowfin	 tunas	 that	 have	 not	 yet	 had	 the	
opportunity	 to	 reproduce.	 This	 catch	 contributes	 significantly	 to	 the	 overfishing	 of	 some	 stocks.	 As	 a	
result,	some	bigeye	and	yellowfin	stocks	are	in	an	overfished	condition	and	have	been	depleted	to	levels	
below	 those	 capable	of	producing	maximum	sustainable	yield	 (MSY),	 the	benchmark	 to	which	 the	 tuna	
RFMOs	have	agreed	to	manage	most	stocks.	Furthermore,	the	juvenile	catch	resulting	from	an	increasing	
trend	 toward	 fishing	with	 FADs	 has	 altered	 the	 overall	 selectivity	 of	 fisheries	 targeting	 tropical	 tunas.	
Formerly,	 most	 catch	 of	 the	 larger‐bodied	 tropical	 species	 comprised	 adult	 individuals	 captured	 by	
longline	 (bigeye	 and	 yellowfin)	 or	 purse	 seine	 operations	 setting	 on	 unassociated	 tuna	 schools	
(yellowfin).	Now,	as	much	as	50%	of	the	bigeye	landings	(by	weight)	or	90%	(by	number	of	individuals)	
comprises	 juveniles	 taken	 by	 purse	 seine	 operations	 setting	 on	 FAD‐associated	 tuna	 schools.	 Fewer	
individuals	reach	adulthood,	reducing	MSY	and	increasing	the	number	of	adult	fish	that	must	be	left	in	the	
water	to	reproduce	and	support	MSY.	A	declining	MSY	and	increasing	biomass	required	to	support	MSY	
are	 both	 suboptimal	 for	 the	 fisheries	 that	 target	 these	 species,	 particularly	when	 stock	 size	 is	 already	
below	 the	biomass	 capable	of	 supporting	MSY.	This	 is	 currently	 the	 case	with	bigeye	 in	 the	Pacific	 and	
Atlantic	oceans	and	yellowfin	in	the	Indian	and	(to	a	lesser	extent)	Atlantic	oceans.	
	
Although	changes	to	tropical	tuna	stocks	and	fisheries	dynamics	are	arguably	the	most	significant	impact	
of	unmanaged	FAD	use,	management	efforts	to	date	have	concentrated	on	other	 issues,	 including	catch,	
effort	and/or	profitability	in	skipjack	fisheries;	catch	and	mortality	of	non‐target	species	such	as	sharks;	
and	impacts	on	marine	ecosystems	when	FADs	beach	or	ground	in	environmentally	sensitive	areas.	This	
focus	 is	 particularly	 clear	 in	 the	 proceedings	 of	 the	 RFMO	 FAD	 working	 groups	 to	 date	 and	 the	
management	 measures	 implemented	 by	 RFMO	 commissions	 in	 the	 last	 five	 years.	 After	 a	 push	 by	
environmental	NGOs	and	 industry	representatives	 to	begin	managing	FADs,	 the	member	states	of	 three	
RFMOs	have	opted	 to	require	or	promote	non‐entangling	FADs	 that	 reduce	 their	 impacts	on	non‐target	
species	 or	 limit	 the	 number	 of	 FADs	 that	 can	 be	 actively	 monitored	 at	 any	 given	 time,	 improving	 the	
economics	of	skipjack	fishing	and	reducing	the	likelihood	that	lost	or	abandoned	FADs	will	interact	with	
sensitive	coastal	ecosystems.	As	the	ICCAT,	IATTC,	and	IOTC	FAD	working	groups	meet	jointly	to	discuss	
progress	 and	 future	 direction,	 it	 is	 time	 for	 these	 groups	 to	 take	 the	more	 difficult	 step	 of	 addressing	
juvenile	mortality	 associated	with	 FAD	 use	 in	 order	 to	 recover	 depleted	 stocks,	 prevent	 overfishing	 of	
currently	healthy	stocks,	and	reduce	the	problems	with	fisheries	dynamics	associated	with	the	changes	in	
selectivity	indicative	of	a	growing	reliance	on	FAD	fishing.	
	
Limit	juvenile	mortality	
	
Catch	 limits	 on	 bigeye	 or	 yellowfin	 caught	 in	 association	 with	 FADs	 offer	 the	 most	 direct	 means	 of	
managing	mortality	of	those	species	in	the	purse	seine	fishery.	For	depleted	stocks,	limits	should	be	low	
enough	to	support	recovery	timelines	that	are	as	short	as	possible	and	with	high	probability	of	success.	
Recognizing	 that	effort	on	bigeye	and	yellowfin	occurs	within	a	wider	context,	 separate	catch	 limits	 for	
juvenile	and	adult	life	stages	could	be	established.	In	2017,	IATTC	set	a	total	annual	juvenile	catch	limit	for	
bigeye	and	yellowfin	combined	caught	by	its	largest	purse	seine	vessels,	a	first	step	to	implementing	this	
practice.	A	combined,	multi‐species	limit,	however,	comes	with	the	risk	that	catch	of	the	more	depleted	of	
the	two	species	remains	too	high.	Catch	limits	should	be	implemented	on	a	single‐species	basis.	
	
	
	
                                                            
1	 The	 Pew	 Charitable	 Trusts;	 901	 E	 St.	 NW,	 Washington,	 DC	 20004,	 USA;	 ggalland@pewtrusts.org;	 dgershman@pewtrusts.org;	
anickson@pewtrusts.org		
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Allocation	of	catch	among	fleets	could	be	analysed	for	several	ratios	of	adult	to	juvenile	mortality	so	that	
managers	 are	 able	 to	 choose	 allocation	 schemes	 that	 align	 with	 the	 management	 objectives	 of	 any	
particular	fishery	(see	below).	Reviewing	a	series	of	potential	adult	to	juvenile	ratios	allows	managers	to	
directly	tie	management	to	the	scientific	advice.	Juvenile	catch	limits	encourage	purse	seine	operations	to	
catch	 fewer	 bigeye	 or	 yellowfin	 per	 set,	 incentivizing	 technological	 innovation	 or	 use	 of	 oceanographic	
information	 to	 avoid	 fishing	 on	 FAD‐associated	 schools	 that	 include	 large	 numbers	 of	 these	 species.	
Furthermore,	reducing	juvenile	mortality	rather	than	simply	overall	mortality	is	likely	to	raise	MSY	levels,	
potentially	making	more	tuna	available	to	fishing.	This	management	option	is	good	for	the	stock	and	good	
for	 fishing	 and	 does	 not	 necessarily	 limit	 the	 amount	 of	 skipjack	 that	 can	 be	 landed	 by	 purse	 seine	
operations.	Electronic	reporting	of	logbooks	and/or	observer	reports	would	give	managers	more	access	to	
real‐time	information	as	the	purse	seine	industry	approaches	juvenile	catch	limits	in	a	particular	area.	
	
FAD	sets	as	a	proxy	for	mortality	
	
Implementing	 a	 limit	 on	 juvenile	mortality	 requires	 the	 identification	 of	 juvenile	 bigeye	 and	 yellowfin	
tunas.	Though	this	challenge	could	potentially	be	overcome	through	100%	coverage	of	observers	trained	
to	 identify	 bigeye	 and	 yellowfin,	 port	 sampling,	 or	 partnerships	 with	 canning	 operations,	 it	 may	 be	
necessary	 to	 develop	 proxies	 for	 juvenile	 catch.	 Scientists	 agree	 that	 juvenile	 bigeye	 and	 yellowfin	 are	
caught	more	frequently	and	in	higher	numbers	in	purse	seine	sets	on	FADs	than	in	sets	on	unassociated	
tuna	schools.	In	the	Western	and	Central	Pacific	Ocean,	the	total	catch	of	bigeye	in	the	purse	seine	fishery	
has	 been	 shown	 to	 correlate	 very	 closely	with	 the	 total	 number	 of	 FAD	 sets.	 Although	 potentially	 less	
precise	 than	 a	 catch	 limit,	 a	 FAD	 set	 limit	 would	 be	 effective	 in	 limiting	 juvenile	 bigeye	 and	 yellowfin	
mortality.	Such	a	limit	reduces	fishing	mortality	while	also	giving	the	purse	seine	industry	more	flexibility	
than	a	time‐area	closure	by	affording	them	the	opportunity	to	choose	when	and	where	to	fish,	rather	than	
limiting	 their	 activities,	 temporally	 or	 spatially.	 Furthermore,	 these	 limits	 should	 be	 relatively	 easy	 to	
implement,	as	purse	seine	operations	are	already	required	by	RFMOs	to	report	FAD	sets	in	their	logbooks,	
and	observers	can	verify	the	number	of	FAD	sets	during	each	fishing	trip.	Electronic	reporting	of	logbooks	
and/or	observer	 reports	would	give	managers	more	access	 to	 real‐time	 information	as	 the	purse	 seine	
industry	approaches	a	FAD	set	limit	in	a	particular	area.	
	
The	benefits	of	FAD	tracking	
	
Regardless	of	management	protocols	to	address	juvenile	tuna	mortality,	as	part	of	an	improved	approach	
to	managing	FADs,	States	and	RFMOs	should	cooperate	to	collect	electronic	data	from	FAD	buoys	for	use	
in	 science,	management,	 and	 compliance.	GPS	devices	and	 instruments	on	 the	buoys	 transmit	 a	host	of	
data	 to	purse	 seine	 companies.	A	project	undertaken	by	eight	 coastal	 States	 in	 the	western	and	central	
Pacific	Ocean	–	the	Parties	to	the	Nauru	Agreement	–	shows	the	same	data	transmitted	from	the	FAD	to	a	
purse	seine	company	can	be	forwarded	at	no	additional	cost	to	a	second	party.	Transmissions	to	the	PNA	
include	unique	buoy	 identification	numbers,	ownership	 information,	and	the	 latitude/longitude	 location	
of	 the	buoy.	The	data	 indicate	 the	number	of	 FADs	deployed	and	can	be	displayed	on	a	 virtual	map	 to	
show	drifts,	 locations,	 and	potential	 fates	of	FADs.	Oceanographic	data	and	estimates	of	biomass	under	
echosounder	buoys	can	also	be	transmitted,	though	they	are	not	required	at	this	time.	The	data	are	useful	
in	developing	a	greater	scientific	understanding	of	FADs.	When	paired	with	 logbook	and	observer	data,	
scientists	 can	pursue	 research	 into	FAD	effort	 and	CPUE	 levels.	The	 results	 can	 inform	development	of	
management	measures	and	assist	in	determining	their	compliance.	The	PNA	project	is	one	example,	but	
other	 institutional	 arrangements	 could	 be	 created	 among	 industry,	 States,	 and	 RFMOs	 to	 collect	 these	
data.	 Should	 FAD	 set	 limits	 be	 implemented	 as	 a	 means	 to	 manage	 juvenile	 mortality	 of	 bigeye	 and	
yellowfin,	 FAD	 tracking	 data	 can	 act	 as	 a	 secondary	means	 to	 verify	 whether	 a	 FAD	 set	 was	made.	 A	
software	algorithm	can	be	created	 to	compare	VMS	 locations	of	vessels	against	reported	FAD	 locations,	
and	generate	alerts	when	a	vessel	is	in	proximity	to	a	FAD.	The	absence	of	an	alert	could	be	used	to	bolster	
observer	or	logbook	claims	that	a	set	was	made	on	an	unassociated	tuna	school	rather	than	on	a	FAD.		
	
A	call	for	management	objectives	
	
Each	 of	 the	 FAD	 options	 described	 here	 should	 be	 implemented	 within	 a	 context	 of	 management	
objectives	that	are	clearly	stated	and	defined	by	managers.	Without	such	objectives,	scientists	are	unable	
to	determine	whether	or	not	 steps	 taken	 to	 recover	overfished	stocks	will	be	effective.	For	example,	 in	
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2015,	ICCAT	set	an	Atlantic	bigeye	total	allowable	catch	(TAC)	with	only	a	49%	chance	at	recovering	the	
heavily	depleted	stock	by	2028	and	coupled	the	TAC	with	a	time‐area	closure	and	FAD	monitoring	limit.	
The	managers	directed	their	scientists	 to	analyse	the	effectiveness	of	the	closure	and	the	FAD	limit,	but	
did	 not	 define	management	 objectives	 against	which	 the	 scientists	 could	 test	 the	 additional	measures.	
How	can	scientists	test	the	effectiveness	of	a	measure	without	having	a	clear	definition	of	what	‘effective’	
means?	 Would	 the	 recovery	 plan	 be	 successful	 if	 the	 additional	 measures	 increase	 the	 probability	 of	
success	 from	 49%,	 and	 by	 how	much?	Would	 it	 be	 successful	 if	 the	measures	 shorten	 the	 timeline	 to	
recovery,	and	by	how	much?	These	are	the	sorts	of	questions	that	clearly	defined	management	objectives	
help	scientists	answer.	It	is	clear	that	depleted	stocks	should	be	recovered;	management	objectives	help	to	
define	how	that	recovery	is	achieved.	For	depleted	tropical	tuna	stocks,	recovery	should	occur	within	two	
generation	times,	with	at	least	70%	probability	of	success.	
	
Conclusions	
	
It	is	time	to	effectively	address	the	juvenile	mortality	of	bigeye	and	yellowfin	tunas	in	purse	seine	fishing	
operations.	 This	 mortality	 is	 arguably	 the	 most	 significant	 impact	 that	 unmanaged	 FADs	 have	 on	 the	
marine	environment.	The	most	direct	way	to	address	this	 issue	 is	 through	 juvenile	catch	 limits	of	 these	
two	species,	an	option	that	does	not	directly	limit	the	amount	of	skipjack	that	can	be	caught	by	purse	seine	
industry.	A	limit	on	the	number	of	FAD	sets	may	serve	as	a	proxy	for	juvenile	catch	limits	in	some	areas,	
and	limiting	fishing	in	this	way	would	benefit	from	a	requirement	for	purse	seine	operations	to	share	their	
FAD	 tracking	 data	with	 the	 RFMOs.	 All	 of	 these	 options	 should	 be	 implemented	within	 a	management	
framework	 that	 includes	 clearly	 defined	 management	 objectives.	 This	 Joint	 Tuna	 RFMO	 FAD	Working	
Group	 meeting	 is	 an	 important	 opportunity	 to	 advance	 FAD	 management	 in	 the	 Atlantic,	 Pacific,	 and	
Indian	oceans.	Direct	management	of	juvenile	tuna	mortality	should	be	the	group’s	top	recommendation	
for	consideration	at	all	of	the	tuna	RFMOs.	
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AN	OVERVIEW	OF	WORLDWIDE	FAD	FISHERIES		
AND	OF	THEIR	POTENTIAL	EFFECTS	ON	TUNA	STOCKS	

	
Alain	Fonteneau1		

	
	

SUMMARY	
	
This	paper	makes	an	overview	of	FAD	fisheries	developed	worldwide,	comparing	fishing	zones,	and	yearly	
catches	by	species	and	catch	at	size.	This	analysis	 is	done	on	the	3	main	tuna	species	targeted	by	FADs,	
yellowfin,	skipjack	and	bigeye.	It	shows	great	similarities	observed	worldwide	in	many	FAD	fisheries,	 in	
terms	of	species	composition	and	sizes	caught.	Most	sets	on	FADs	show,	worldwide,	a	combination	of	the	
3	 species	 of	 tropical	 tunas:	 yellowfin,	 skipjack	 and	 bigeye.	 The	 heterogeneity	 in	 these	 species	
compositions	observed	 in	the	multispecies	samples	of	FAD	catches	obtained	 in	each	ocean	are	analyzed	
(using	De	Finetti	 ternary	plots),	 this	work	being	done	 in	comparison	 to	 the	species	 composition	of	 free	
schools	samples.	This	comparison	shows	that	 the	FAD	species	composition	 is	 totally	different	 from	free	
schools	 in	 the	 Indian,	 Atlantic	 and	 Eastern	 Pacific	 ocean.	 The	 peculiarities	 of	 the	 FAD	 and	 free	 school	
fisheries	in	the	Western	Pacific,	mainly	their	similar	species	composition	and	steadily	increasing	catches	
by	 both	 fishing	 modes,	 are	 discussed.	 The	 yearly	 world	 catches	 of	 skipjack	 and	 of	 small	 bigeye	 and	
yellowfin	 caught	 under	 FADs	 are	 examined	 and	 analyzed	 in	 relation	 with	 the	 trend	 in	 the	 steadily	
increasing	fishing	efforts	exerted	by	purse	seiners.	While	skipjack	FAD	catches	have	shown,	during	recent	
years,	moderate	increases,	it	is	striking	to	observe	that	world	bigeye	FAD	catches	remained	stable	during	
the	 last	20	years	while	the	FAD	fishing	pressure	was	widely	 increased,	 this	 flat	 trend	being	observed	 in	
each	ocean.	This	stability	of	bigeye	catches	in	a	context	of	increasing	fishing	effort	corresponds	to	a	clear	
marked	decline	in	the	bigeye	global	CPUEs	of	purse	seiners.	It	is	hypothesized	that	this	decline	was	due	to	
an	unexplained	decline	of	 the	 juvenile	bigeye	catchability	 in	 the	FAD	 fishery,	or/and	 to	a	decline	 in	 the	
bigeye	recruitment.	This	striking	relationship	between	FAD	catches	of	small	bigeye	and	fishing	efforts	of	
purse	seiners	should	be	carefully	analyzed	 in	each	ocean.	Catch	at	size	of	skipjack,	yellowfin	and	bigeye	
caught	on	FADs	and	by	the	other	fisheries	in	the	various	oceans	are	compared.	Similar	patterns	of	average	
sizes	 caught	 have	 been	 observed	worldwide	 in	most	 FAD	 fisheries	 of	 the	 3	 species.	 Most	 tuna	 caught	
under	FADs	show,	worldwide,	dominant	sizes	well	under	80	cm	and	similar	average	weights	for	each	of	
the	 3	 species.	 The	 optimal	 theoretical	 sizes	 that	 would	 maximize	 the	 biological	 productivity	 of	 each	
species	 are	 estimated	 using	 a	 simulation	 method,	 and	 compared	 to	 tuna	 sizes	 caught	 on	 FADs.	 Our	
conclusion	is	that	skipjack	FAD	catches	have	been	maximizing	the	biological	productivity	of	the	skipjack	
stocks,	while	the	present	large	catches	of	small	yellowfin	and	bigeye	associated	to	FADs	have	reduced	the	
biological	 productivity	 of	 heavily	 exploited	 stocks.	 This	 decline	 of	 biological	 productivity	 is	 due	 to	 the	
small	 sizes	 of	 yellowfin	 and	 bigeye	 caught	 on	 FADs,	while	 the	 optimal	 sizes	 of	 these	 2	 species	 can	 be	
estimated	 between	 1m	 and	 1.2	 m	 for	 yellowfin	 and	 between	 1.2	 and	 1.4m	 for	 bigeye.	 These	 negative	
effects	 of	 FAD	 catches	 remain	 difficult	 to	 evaluate	 precisely,	 mainly	 because	 of	 the	 present	 major	
uncertainties	 in	natural	mortality	at	age,	natural	mortality	assumed	for	each	species	by	each	RFO	being	
often	 widely	 distinct	 without	 scientific	 reasons.	 The	 serious	 uncertainties	 faced	 in	 most	 tuna	 stock	
assessment	models	are	also	difficult	 to	evaluate	and	 to	compare	between	oceans.	A	 recommendation	 is	
made	 to	 better	 coordinate	 the	 international	 fishery	 statistics	 and	 scientific	 investigations	 on	 FADs,	
especially	on	the	complex	but	important	scientific	question	of	the	present	interactions	between	the	FADs	
and	non‐FADs	fisheries.	It	is	concluded	that	one	of	the	major	management	problems	faced	today	by	each	
of	 the	 tuna	 RFMO	 is	 to	 take	 a	 full	 real	 control	 of	 their	 FAD	 fisheries:	maintaining	 optimum	 levels	 and	
optimal	 fishing	use	of	their	FADs,	since	the	present	FAD	fisheries	are	clearly	the	only	way	to	obtain	the	
MSY	of	all	skipjack	stocks	worldwide.	This	future	improved	management	of	the	FAD	fisheries	should	also	
find	 the	efficient	methods	 that	will	 allow	 the	control	of	an	excessive	use	of	FADs	 in	order	 to	 limit	 their	
negative	 impacts	 on	 the	 biological	 productivity	 of	 the	 valuable	 yellowfin	 and	 bigeye	 stocks.	 It	 is	
recommended	that	the	optimal	numbers	of	FADs	seeded	and	followed	by	the	purse	seine	fleets	(and	thus	
by	each	purse	seiner)	should	be	well	studied	and	evaluated	by	scientists.	
	

                                                            
1	alain.fonteneau@ird.fr	 
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Appendix	
	
AN	OVERVIEW	OF	WORLDWIDE	FAD	FISHERIES	AND	OF	THEIR	POTENTIAL	EFFECTS	ON	TUNA	

STOCKS	
	

Alain	Fonteneau		
	
	
1 Introduction	
 
Many	scientific	studies	have	been	carried	out	since	the	early	nineties	on	FADs,	but	most	of	these	studies	
where	based	on	local	problems	and	seldom	reviewed	the	FAD	fisheries	detailed	data	and	their	prospects	
at	a	worldwide	level.	For	instance	and	 inter	alia	 in	recent	years	the	documents	by	Fonteneau	&	al	2001,	
Fonteneau	&	al	2011,	Bromhead	et	al	2000,	An.	PEW	2015	and	An.	MRAG	2017,	but	 the	scope	of	 these	
reviews	was	often	quite	 limited	 and	not	 enough	based	on	 the	 fishery	data.	 The	 goal	 of	 this	paper	 is	 to	
make	an	updated	 scientific	 review	of	FAD	 fisheries:	 analyzing	 the	 trend	of	world	PS	 fishing	efforts	 and	
comparing	the	yearly	catches	and	sizes	caught	on	FADs,	comparing	these	FAD	catches	and	the	sizes	caught	
by	 other	 fisheries	 on	 free	 schools+dolphins	 and	 by	 other	 fishing	 methods	 in	 each	 ocean,	 for	 instance	
longliners.	This	paper	will	also	try	to	examine	and	to	discuss	at	a	global	level	the	potential	effects	of	FADs	
fisheries	on	the	biological	productivity	of	the	skipjack,	yellowfin	and	bigeye	stocks.	
 
	
2	 Material	and	methods	
 
This	work	is	primarily	based	on	a	homemade	data	base	of	catch	and	effort	data	of	the	world	tuna	fisheries	
created	 by	 Fonteneau	 since	 1995	 in	 relation	 with	 his	 first	 atlas	 published	 on	 world	 tuna	 fisheries	
(Fonteneau	1998).	This	data	base	covers	the	1950‐2015	period	and	it	has	been	built	since	1995	based	on	
the	 catch	 &	 effort	 and	 size	 data	made	 available	 each	 year	 by	 each	 of	 the	 4	 tuna	 commissions:	 IATTC,	
ICCAT,	 IOTC	and	WCPFC.	All	 the	FAD	catch	data	available	 in	 this	catch	and	effort	 file	by	5°‐month	have	
been	tentatively	extrapolated	to	the	total	catches	by	PS	estimated	in	each	ocean.	This	work	is	also	based	
on	the	wide	literature	available	on	FADs	and	on	the	follow	up	of	the	stock	assessment	analysis	done	by	the	
various	tuna	RFMOs	on	their	yellowfin,	skipjack	and	bigeye	stocks.	
	
	
3	 Facts	on	FADs	and	non‐FADs	fisheries	
 
3.1	Geographical	distribution	of	FAD	fisheries	
	
It	is	important	to	first	examine	the	geographical	distribution	of	the	FAD	catches	of	skipjack,	yellowfin	and	
bigeye,	knowing	that	FAD	catches	of	yellowfin	and	of	bigeye	are	mainly	on	 juveniles.	These	FAD	fishing	
areas	of	juvenile	yellowfin	&	bigeye	(Figure	1a)	should	also	be	compared	to	the	fishing	zones	of	adults	by	
longliners	(Figyre	1b).	These	maps	have	been	done	with	a	log	scale	in	order	to	reduce	the	visual	contrast	
between	 the	 5°	 squares	 with	 large	 and	 small	 catches.	 These	 maps	 show	 that	 skipjack	 and	 juvenile	
yellowfin	 &	 bigeye	 are	 primarily	 caught	 on	 FADs	 only	 in	 the	 equatorial	 areas	 and	 in	 their	 potential	
nurseries	while	the	adult	yellowfin	&	bigeye	are	caught	by	longliners	in	a	much	wider	area	between	40°N	
&	 40°S,	 in	 both	 their	 spawning	 areas	 (sub	 equatorial)	 and	 in	 their	 feeding	 areas	 (temperate	 &	 inter	
tropical).	
	
Figure	2	shows	that	skipjack	catches	have	been	mainly	obtained	under	FADs	(in	red),	this	species	being	
dominant	 in	 the	 FAD	 catches	 in	 most	 fishing	 zones	 of	 the	 Atlantic,	 Indian	 and	 eastern	 Pacific	 oceans.	
However	this	map	also	shows	that	in	the	western	Pacific	there	is	an	equilibrium	close	to	50/50	between	
the	 5°	 squares	 that	 are	 dominated	 by	 FAD	 or	 by	 free	 schools	 skipjack	 catches.	 This	major	 behavioural	
peculiarity	of	the	Western	Pacific	skipjack	remains	poorly	discussed	and	explained	by	scientists.	
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3.2	Fishing	effort	of	PS	fisheries:	total	and	on	FADs	
	
It	 is	 important	and	difficult	to	estimate	the	trend	of	the	yearly	fishing	effort	exerted	by	the	world	purse	
seine	 fleets.	 A	 simple	way	 to	 follow	 this	 trend	 is	 to	 keep	 track	of	 the	number	 of	 active	PS	 and	of	 their	
average	carrying	capacity	in	each	ocean,	allowing	to	estimate	the	carrying	capacity	of	the	PS	fleets	active	
worldwide.	 This	 figure	 (Figure	3)	 shows	 a	 steadily	 increasing	 capacity	 of	world	 PS	 fleets.	 This	 fishing	
capacity	can	be	somehow	considered	as	a	measure	of	the	yearly	fishing	efforts	exerted	by	purse	seiners,	
and	these	yearly	fishing	efforts	of	the	world	PS	fleets	clearly	show	a	quasi	linear	increase	since	1980.	
	
Furthermore,	 there	 is	no	doubt	 that	 the	 fishing	efforts	of	most	purse	 seiners	 targeting	FADs	have	been	
also	permanently	 increasing	since	 the	mid‐eighties	because	of	 the	major	changes	developed	 in	 the	FAD	
fisheries:		
	

1) Permanently	increasing	the	number	of	FADS	followed	by	PS,	now	probably	reaching	100.0002	or	
more	 FADs,	 and	 their	 improved	 design	 (especially	 under	 the	 water)	 and	 their	 stealth	
characteristics,	

2) Major	 improvements	 in	 the	 equipment	 allowing	 to	 locate	 each	FAD	with	 great	 accuracy	and	at	
great	distances,	night	and	day,	

3) the	 increasing	 numbers	 and	 improved	 equipment	 of	 the	 supply	 vessels	 used	 in	 the	 Indian	 &	
Atlantic	oceans,	

4) the	improved	capabilities	of	FADs	to	evaluate	the	amount	of	tunas	associated	to	them:	universal	
use	today	of	echosounders	on	all	FADs,	

5) the	improved	knowledge	of	skippers	concerning	when	&	where	the	FADs	should	be	deployed.	
		

Most	of	these	changes	have	been	well	examined	in	various	documents,	for	instance	during	the	CECOFAD	
program	recently	ran	by	EU	scientists	(Gaertner	et	al	2016).	Following	these	major	changes	and	increase	
in	 the	use	of	FADs	 in	 the	Atlantic	and	 Indian	oceans	PS	 fisheries,	 it	 should	be	accepted	 that	 the	 fishing	
efforts	on	FADs	have	been	permanently	increased	since	the	mid‐eighties.	A	constant	yearly	increase	of	the	
FAD	fishing	efficiency	at	a	rate	of	2.5%	yearly	increase	was	estimated	to	be	a	minimal	one,	and	it	was	kept	
as	an	hypothesis	to	illustrate	this	trend	in	Figure	3.	This	FAD	fishing	effort	will	also	be	used	to	examine	
the	relationship	between	FAD	catches	by	PS	and	the	PS	efforts.	The	 fishing	efforts	exerted	by	 the	other	
gears	targeting	tunas	(for	instance	longliners	and	artisanal	gears)	are	very	difficult	to	measure	precisely	
and	they	are	variable	in	each	ocean,	but	there	is	no	doubt	that	they	have	also	showed	most	often	similar	
increasing	 trend.	 These	 universal	 increases	 of	 fishing	 efforts	 targeting	 tuna	 stocks	 is	 the	 basic	 reason	
explaining	why	most	tuna	stocks	are	estimated	to	be	fully	exploited	today.	

	
3.3	Yearly	catches	by	species	and	area	of	FAD	fisheries	
	
It	should	be	first	noted	that	the	world	tuna	catches	are	dominated	by	purse	seine	fisheries	that	have	been	
catching	in	recent	years	66	%	of	tropical	tunas	total	catches	(Figure	4).	It	can	also	be	estimated,	based	on	
our	data,	that	about	50%	of	the	PS	catches	were	caught	associated	to	FADs	(average	period	2006‐2015).	
		
It	should	be	noted	in	particular	that	today	more	than	1	million	tons	of	skipjack	are	taken	yearly	on	FADs,	
while	FAD	fisheries	are	also	catching	yearly	a	total	combined	weight	of	about	400.000	tons	of	bigeye	and	
yellowfin	(Figure	5).	
	
A	 comparison	 of	 the	 FAD	 and	 non	 FAD	 world	 catches	 by	 purse	 seiners,	 for	 each	 species,	 shows	 the	
following	facts:	
	

 Yellowfin	catches	(Figure	6):	always	dominated	by	non‐FAD	catches,	most	often	of	large	yellowfin,	
and	a	paradox	with	quite	stable	yearly	FAD	&	free	schools	catches	by	each	fishing	mode	observed	
since	2000,	

 Skipjack	catches	(Figure	7):	always	dominated	by	FAD	catches,	and	since	2000:	steadily	increasing	
catches	of	each	fishing	mode,	skipjack	sizes	caught	on	FADs	&	on	free	schools	being	nearly	identical		

                                                            
2	This	hypothesis	of	100.000	FADs	followed	by	world	tropical	purse	seiners	would	correspond	to	an	average	number	of	140	FAD	
followed	by	each	average	PS	(a	number	that	is	well	under	the	numbers	of	FADs	followed	in	the	Atlantic	and	Indian	oceans)	
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 Bigeye	 catches	 (Figure	8):	 always	 widely	 dominated	 by	 FAD	 catches.	 Since	 2000:	 stable	 bigeye	
catches	by	 each	 fishing	mode;	 a	 strange	paradox	 that	bigeye	FAD	catches	were	very	 stable	 since	
1995,	this	stability	of	the	FAD	bigeye	catches	being	observed	in	each	of	the	4	oceans	(Figure	9).	

	
Yearly	catches	of	purse	seiners	on	FADs	and	by	other	 fishing	modes	are	shown	by	Figure	10	and	these	
catches	are	interesting	to	examine	and	to	compare.		
	

 In	the	Western	Pacific:	tuna	catches	are	reaching	their	highest	levels	in	both	the	FAD	and	in	the	
free	school	fisheries,	reaching	levels	close	to	1	million	tons	for	each	fishing	mode.	Yearly	catches	of	
FADs	 and	 on	 free	 schools	 are	 showing	 steadily	 increasing	 trends	 during	most	 of	 the	 period,	 but	
showing	 in	 recent	 years	 a	 plateau	 of	 FAD	 catches.	 This	 plateau	 was	 probably	 due	 to	 the	
management	regulations	introduced	during	recent	years	by	WCPFC	on	FAD	fishing.	It	should	also	
be	noticed	that	the	species	composition	of	the	catches	by	the	2	fishing	mode	is	very	similar,	simply	
showing	a	higher	percentage	of	 bigeye	 in	 the	FAD	catches	 (an	 average	6	%	of	bigeye	during	 the	
2010‐2014	period,	versus	only	1	%	of	bigeye	in	the	free	school	catches).	

 In	 the	 Eastern	 Pacific:	 FAD	 catches	 have	 been	 permanently	 increasing	 in	 the	 area,	 reaching	
300.000	tons	 in	recent	years,	while	 the	combined	yearly	catches	on	free	schools	and	on	dolphins	
are	showing	quite	stable	catches	(FAD	catches	being	larger	since	2010).	These	figures	also	show	the	
totally	distinct	species	composition	permanently	observed	in	the	FAD	catches,	showing	a	majority	
of	 skipjack	 (average	 percentage	 2010‐2014	 of	 68%)	 and	 a	 large	 percentage	 of	 bigeye	 (average	
percentage	2010‐2014	of	18%),	while	the	free	schools	and	dolphin	school	catches	were	dominated	
by	yellowfin	and	with	very	few	bigeye.	

 In	the	Atlantic:	FAD	catches	have	been	steadily	increasing	in	this	ocean,	reaching	now	levels	that	
are	nearly	4	times	larger	than	the	free	school	catches.	On	the	opposite,	the	catches	on	free	schools	
have	been	steadily	declining	between	150.000	tons	35	years	ago,	to	only	50.000	tons	nowadays.	It	
should	also	be	noticed	that	the	species	composition	of	free	schools	and	FAD	catches	is	most	often	
totally	distinct3,	free	schools	catches	being	dominated	by	catches	of	large	yellowfin,	that	are	nearly	
absent	in	the	FAD	catches.	bigeye	catches	are	significantly	observed	in	each	fishing	mode,	but	FAD	
catches	showing	a	larger	percentage	of	bigeye	(average	2010‐2015=12%,	most	often	small	bigeye)	
compared	to	the	average	of	6%	in	the	free	school	catches	(most	often	large	bigeye).	

 In	the	Indian	Ocean:	Catches	on	natural	logs	and	on	FADs	have	been	always	much	higher	than	on	
free	schools	(an	average	of	200.000	t.	on	FADs	vs	100.000	t.	on	free	schools	since	1986),	both	series	
of	 catches	 showing	 some	 fluctuations,	 but	 without	 a	 marked	 trend	 during	 the	 last	 30	 years.	 It	
should	be	noticed	that	as	in	the	EPO	and	Atlantic	oceans,	the	species	composition	of	FAD	catches	is	
most	often	totally	distinct4:	free	school	catches	being	dominated	by	catches	of	large	yellowfin,	that	
are	 nearly	 absent	 in	 the	 FAD	 catches.	 bigeye	 catches	 are	 significantly	 observed	 in	 each	 fishing	
mode,	 but	 FAD	 catches	 are	 most	 often	 showing	 a	 larger	 percentage	 of	 bigeye	 (average	 2010‐
2015=8%,	most	 often	 small	 bigeye)	 compared	 to	 an	 average	 of	 3	%	of	 bigeye	 in	 the	 free	 school	
catches	(most	often	large	bigeye).	

	
Concerning	 skipjack	 caught	 by	 the	 world	 PS	 fisheries	 it	 is	 interesting	 to	 compare	 the	 yearly	 skipjack	
catches	by	FAD	and	by	non‐AD	fishing	that	have	been	observed	in	the	western	Pacific	and	in	the	other	3	
oceans	 (Atlantic,	 Indian	&	Eastern	Pacific	 combined).	This	 overview	analysis	 of	 the	 skipjack	 catches	by	
purse	seiners	 in	each	of	 these	2	oceanic	areas	(Figures	11	 and	12)	summarizes	 the	major	peculiarities	
observed	in	the	western	Pacific	and	the	marked	similarities	in	the	other	3	Oceans:	
	

 In	the	3	other	oceans	combined	(EPO,	Atl	&	IO),	free	school	skipjack	catches	were	quite	stable	and	
at	very	low	levels	since	1980:	skipjack	catches	at	about	100.000	t.,	while	total	skipjack	FAD	catches	
have	been	steadily	increasing	since	1990,	but	reaching	today	only	0.5	million	t.,	

	
	
	

                                                            
3	In	the	Atlantic	ocean,	the	species	composition	of	FAD	and	free	schools	catches	is	very	similar	only	during	the	3rd	quarter	in	the	Cape	
Lopez	area.	
4	 In	 the	 Indian	ocean,	 the	 species	 composition	 of	 FAD	and	 free	 schools	 catches	 is	 very	 similar	 only	 during	 the	2nd	 quarter	 in	 the	
Mozambique	channel	area. 
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 In	 the	Western	 Pacific,	 PS	 fisheries	 have	 been	 showing	 steadily	 increasing	 skipjack	 catches,	 this	
increase	being	observed	for	both	the	FADs	and	free	school	catches	reaching	similar	very	high	levels	
for	the	2	fishing	modes	(reaching	now	a	total	of	about	1.5	million	tons	of	skipjack).	These	very	large	
catches	 of	 skipjack	 in	 the	 WPO	 remain	 difficult	 to	 understand:	 In	 the	 Western	 Pacific,	 average	
skipjack	 catches	 have	 been	 reaching	 30.	 000	 t.	 per	million	 km2	 fished	 by	 PS,	 i.	 e.	 at	 a	 level	well	
above	 skipjack	 catches	 per	 area	 in	 any	 of	 the	 other	 oceans:	 4.000	 t.	 in	 the	 EPO,	 6000	 t.	 in	 the	
Atlantic	and	11000	 t.	 in	 the	 Indian	Ocean.	On	 the	opposite,	 the	average	catches	of	yellowfin	&	of	
bigeye	per	million	of	km2	fished	by	PS	in	the	4	Oceans	are	much	less	variable,	the	average	catches	
per	area	being	also	high	in	the	WPO,	but	at	quite	similar	 levels	to	the	other	3	Oceans.	These	very	
high	skipjack	catches	in	the	WPO	are	surprising	because	the	biological	productivity	in	this	area	is	
not	 larger	 than	 in	 the	 other	 oceans,	 even	 if	 various	 sources	 of	 biological	 enrichment	 have	 been	
identified	in	this	ocean	(SEAPODYM,	Lehodey	2010).	

	
3.4	Heterogeneity	of	species	composition	of	FAD	and	free	schools	sets	
	
Most	sets	on	FADs	show,	worldwide,	a	combination	of	the	3	species	of	tropical	tunas,	yellowfin,	skipjack	
and	 bigeye.	 It	 is	 of	 great	 scientific	 interest	 to	 examine	 the	 heterogeneity	 in	 these	 species	 compositions	
observed	 in	 the	 multispecies	 samples	 of	 the	 FAD	 associated	 catches	 obtained	 in	 each	 ocean	 and	 in	
comparison	 to	 free	 schools	 samples.	This	 result	 is	well	 shown	comparing	De	Finnetti	 ternary	plots	 (De	
Finetti	1937,	Fonteneau	et	al	2009).	These	ternary	plots	have	been	used	to	show	the	frequencies	of	 the	
species	composition	observed	in	the	multi	species	samples	done	on	each	fishing	mode,	FAD	&	non	FADs	
catches:	
 

 In	the	Atlantic	and	Indian	oceans,	Figure	13:	these	ternary	plots	are	built	using	pies,	the	surface	of	
each	circle	being	proportional	to	the	frequency	of	the	3	species	sampled;	the	blue	fraction	in	each	
pie	 adds	 a	 4th	 dimension	 to	 the	 figure,	 showing	 the	 fraction	 of	 the	 circle	 corresponding	 to	 large	
tunas	over	10	kg	(bigeye	or	yellowfin).	 In	addition,	the	percentages	of	pure	yellowfin,	skipjack	or	
bigeye	samples	is	also	shown	for	each	figure.	

 In	the	Western	Pacific,	Figure	14	(taken	from	Hare	et	al.	2015)	shows	the	same	ternary	plots	for	
the	FAD	and	free	school	catches,	but	based	on	a	color	plot	obtained	by	krieging.	

	
These	 figures	 show	 that	 FAD	 catches	 are	 very	 seldom	 monospecific:	 a	 great	 majority	 of	 FAD	 catches	
showing	 the	3	 species	 (skipjack,	bigeye	&	yellowfin)	most	often	with	 small	 size	 tunas.	On	 the	opposite,	
these	 figures	show,	at	 least	 in	 the	Atlantic	and	 Indian	oceans,	 that	 the	 free	school	 catches	often	show	a	
single	species,	most	often	large	yellowfin	over	10	kg.	On	the	opposite,	large	bigeye	have	been	very	seldom	
sampled	 in	the	FAD	catches.	 It	should	also	be	noted	that	the	typical	species	composition	pattern	of	 free	
school	catches	observed	 in	the	Atlantic	and	Indian	oceans	was	not	observed	 in	the	Western	Pacific,	 this	
area	showing	 ternary	plots	of	FAD	&	of	 free	schools	 catches	 that	are	quite	 similar	 (FAD	catches	simply	
showing	lower	percentages	of	yellowfin	and	a	higher	proportion	of	bigeye).	It	is	recommended	that	these	
ternary	plots	should	be	standardized	and	used	in	all	oceans	in	order	to	analyze	the	heterogeneities	of	the	
species	composition	of	FAD	and	free	schools	catches.		
	
3.5	 Catch	at	size	of	tunas	caught	on	FADs	compared	to	catches	on	free	schools	and	by	other	fishing	

gears		
	
3.5.1	Overview	
 
Similar	patterns	of	average	sizes	caught	have	been	observed	worldwide	in	most	FAD	fisheries	of	yellowfin,	
skipjack	 and	 bigeye.	 Most	 tuna	 caught	 under	 FADs	 are	 showing	 dominant	 sizes	 well	 under	 1	 meter	
(Figure	15)	and	similar	average	weights	for	each	of	the	3	species.	Catch	at	size	of	the	3	species	in	the	FAD	
fisheries	show	that	small	size	yellowfin	&	bigeye	between	30	and	70	cm	are	frequently	associated	to	FADs	
in	all	the	oceans,	in	a	range	of	sizes	similar	to	skipjack.	On	the	opposite,	the	adult	yellowfin	or	bigeye	are	
very	seldom	caught	on	FADs.	
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Catch	 at	 size	 data	 (CAS)	 are	 the	 basis	 of	 all	 the	 stock	 assessment	 methods	 classified	 as	 Sequential	
Population	Analysis	(VPA	and	others).	These	CAS	data	are	also	very	interesting	to	examine	per	se	as	they	
show	the	relative	importance	of	FAD	catches	at	each	size	in	the	landing	of	each	species.	If	these	CAS	are	
based	on	good	data	(good	total	catches	and	good	size	sampling),	they	allow	to	show	the	relative	CAS	of	the	
FAD	 fisheries	 compared	 to	all	 the	other	 fisheries,	 and	 then	 the	 relative	 fishing	mortality	of	each	 fishing	
mode.	As	an	example	in	the	Indian	Ocean	bigeye	fisheries,	the	CAS	of	FADs	and	of	the	non‐FADs	fisheries	
are	showing	that	the	FADs	fishing	mortality	corresponds:	
 

 	to	84	%	of	the	total	mortality	of	small	bigeye	at	sizes	under	10	kg	(or	74	cm),		
 	but	to	only	2	%	of	the	Fishing	mortality	suffered	by	the	adult	bigeye	at	sizes	over	1	m.	

	
These	 CAS	 by	 the	 FADs	 and	 by	 the	 non‐FAD	 fisheries	 have	 been	 estimated	 in	 the	 Atlantic,	 Indian	 and	
eastern	Pacific	oceans	for	yellowfin	(Figure	15),	skipjack	(Figure	16)	and	bigeye	(Figure	17).	The	same	
average	CAS	are	shown	by	2	distinct	types	of	figures:	figures	showing	the	number	of	tunas	caught	at	each	
size,	and	figures	showing	the	weight	caught	at	each	size.	These	2	types	of	results	are	estimated	to	be	of	
great	scientific	interest,	both	in	the	stock	assessment	calculations	and	for	fishermen.		
	
3.5.2	Yellowfin	
 
Small	yellowfin	under	70	cm	are	caught	in	similar	proportions	on	FADs	and	by	the	other	fisheries.	On	the	
opposite,	 large	 yellowfin	 are	 mainly	 caught	 by	 longliners,	 purse	 seiners	 in	 free	 schools	 and	 dolphin	
schools	 and	 also	 by	 other	 gears	 (for	 instance	 hand	 line),	while	 large	 yellowfin	 are	 seldom	 significantly	
caught	on	FADs	(Figure	16).	
 
3.5.3	Skipjack		
 
Skipjack	landings	show	quite	similar	sizes	caught	under	FADs	&	in	the	other	fishing	modes	(free	schools,	
baitboats	and	others),	but	sizes	of	skipjack	caught	on	FADs	are	often	caught	at	smaller	sizes	than	on	free	
schools,	 for	 instance	 in	 the	 Indian	and	Atlantic	oceans	(while	skipjack	caught	on	FADs	are	 larger	 in	 the	
EPO)	(Figure	17).		
 
3.5.4	Bigeye	
 
The	numbers	of	small	bigeye	caught	on	FADs	are	widely	dominant	in	all	the	oceans	in	the	total	catches	of	
small	Bigeye	(for	instance	bigeye	caught	at	sizes	<70	cm).	On	the	opposite,	large	bigeye	are	mainly	caught	
by	longliners,	seldom	by	PS	and	very	seldom	by	any	other	gear	(Figure	18).	
	
 
3.6	Optimal	sizes	of	tropical	tunas?	
 
The	 biomass	 of	 each	 cohort	 as	 a	 function	 of	 its	 age	 shows,	 for	 each	 species,	 a	 typical	 pattern	 that	 is	
conditioned	 by	 its	 growth	 rate	 in	weight	 of	 each	 species	 and	 by	 its	 natural	mortality	 at	 each	 age.	 As	 a	
result,	there	is	for	each	species	and	under	given	exploitation	rates,	an	optimal	age/size	when	the	cohort	
weight	is	maximal,	this	peak	of	biomass	being	more	or	less	marked	depending	of	the	species.	As	a	result,	
when	a	species	shows	a	marked	peak	of	biomass	at	its	adult	ages,	then	the	large	catches	of	juvenile	tunas	
tend	to	decrease	the	productivity	of	the	stock	(in	addition	to	the	reduction	of	recruitment	in	the	spawning	
stock	due	 to	 the	 catches	 of	 juveniles).	However	&	 of	 course,	 these	 optimal	 sizes	 are	 not	 constant	 for	 a	
given	species,	but	decreasing	at	 increasing	exploitation	rates	of	 the	stocks.	The	optimal	sizes	of	 tropical	
tunas	can	be	estimated	by	simulation	and	from	the	results	of	the	stock	assessment	models.		
 
The	 consistent	 growth	 curves	 recently	 estimated	 in	 the	 Indian	 Ocean	 by	 Eveson	 et	al.	 (2014)	 are	 also	
useful	to	compare	the	monthly	growth	rates	in	weight	as	a	function	of	age	for	each	species.	This	result	has	
been	summarized	in	Figure	19.	Skipjack	growth	shows	very	low	growth	rates	in	weight	and	quite	stable	
growth	rates	during	the	entire	life:	average	growth	rates	close	to	only	100	g	/	month.	Juvenile	yellowfin	
and	 bigeye	 also	 show	 low	growth	 rates	when	 they	 are	 in	 the	 FAD	 fisheries:	 average	 growth	 estimated	
between	only	150	to	200	g/month	(then	higher	but	still	close	to	skipjack	growth	rates).	Recent	studies	on	
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the	yellowfin	and	bigeye	growth	(as	by	Eveson	et	al.,	2014)	are	also	showing	that	after	their	slow	growth	
rates	stanza	in	the	FAD	fishery,	these	2	species	are	showing	a	marked	acceleration	of	their	growth	rates	in	
the	period	before	reaching	their	sexual	maturity.	Yellowfin	&	bigeye	do	show	much	higher	growth	rates,	
close	 to	 1	 kg	 /month	 for	 young	adults.	 Yellowfin	 young	 adults	 at	 age	3	 show	a	higher	peak	of	 average	
growth	 rates	 (estimated	at	 levels	>	2	kg/month),	 then	a	peak	of	 growth	 rates	at	a	 larger	 level	 than	 for	
bigeye.	 The	 older	 adult	 bigeye	 also	 show	 quite	 high	 growth	 rates,	 over	 500	 g/month,	 even	 for	 the	 old	
adults	between	6	and	9	years,	while	growth	rates	of	adult	yellowfin	are	showing	a	marked	decline	of	their	
growth	rates	at	ages	over	5	years.	The	optimal	sizes	were	tentatively	estimated	for	each	species	in	order	
to	evaluate	the	profiles	of	biomass	at	age	expected	for	each	species	and	to	evaluate	the	optimal	size/age	in	
each	of	our	3	species.	This	profile	of	biomass	was	estimated	only	for	tuna	stocks	that	are	assumed	to	be	
heavily	exploited	at	levels	close	to	their	MSY.	
	
The	simulation	method	proposed	by	Fonteneau	1974	was	used	to	obtain	these	results,	based	on	typical	
growth	curves	 (VB	model)	 and	vectors	of	natural	mortality	 at	 age	of	 each	 tuna	 species.	The	 simulation	
method	follows	the	individual	growth	and	statistical	decay	of	individuals	belonging	to	a	large	cohort:	their	
individual	 growth	 (each	 individual	 with	 independent	 k,	 t0	 and	 L	 infinity),	 and	 their	 decay	 is	 due	 to	 a	
combination	of	fishing	and	natural	mortality.		
	
Typical	patterns	of	biomass	at	size	estimated	by	this	method	for	each	species	are	shown	by	Figure	20.	
 

 Skipjack	 cohorts	 biomass	never	 show	a	 clear	maximum	of	 their	 biomass	 at	 age:	 as	 a	 result,	 FAD	
catches	of	skipjack	do	no	reduce	the	productivity	of	the	skipjack	stocks,	even	if	they	may	reduce	the	
CPUEs	and	catches	of	other	fisheries.		

 	On	the	opposite;	yellowfin	and	bigeye	cohort	biomasses	show	similar	&	very	clear	patterns,	always	
low	biomass	in	the	range	of	sizes	exploited	by	FADs	(30	to	70	cm)	and	a	marked	peak	of	biomass	at	
adult	sizes:	for	yellowfin,	maximum	productivity	in	a	range	of	sizes	between	90	&	120	cm	and	for	
bigeye	at	larger	sizes,	between	100	&	140	cm.		

	

These	preliminary	 results	 are	mainly	 indicative	bu	probably	quite	 strong;	 their	uncertainties	 should	be	
explored	by	further	analysis	based	on	simulations,	but	they	appear	to	be	highly	 logical	ones	and	well	 in	
phase	 with	 the	 present	 biological	 knowledge	 of	most	 tuna	 scientists	 and	with	 the	 results	 obtained	 by	
statistical	stock	assessment	results.	
	
	
4	 Discussion	
 

World	 FAD	 catches	 of	 skipjack	 by	 purse	 seiners	 have	 been	 permanently	 increasing	 since	 the	 eighties,	
following	 the	 permanent	 increase	 of	 the	 PS	 fishing	 capacity	 and	 their	 increased	 use	 of	 FADs.	 This	
relationship	 between	 skipjack	 catches	 by	 PS	 and	 their	 fishing	 capacity	 (tentatively	 including	 their	
increasing	use	of	FADs),	is	shown	by	Figure	21.	This	global	relationship	is	showing	an	apparent	dome	of	
skipjack	catches	in	recent	years,	while	the	marked	increase	in	the	FAD	fishing	capacity	observed	during	
the	last	10	years	did	not	produced	visible	large	increases	of	the	skipjack	catches	by	PS.	
 

The	same	relationship	may	also	be	analyzed	between	 the	PS	FAD	capacity	&	world	bigeye	FAD	catches	
(Figure	22).	This	figure	shows	that	the	world	bigeye	FAD	catches	remained	stable	during	the	last	20	years	
(since	 1996),	 while	 the	 FAD	 fishing	 pressure	 was	 widely	 increased.	 It	 should	 be	 noted	 that	 this	
phenomenon	was	observed	in	each	ocean,	the	bigeye	FAD	catches	were	quite	stable	during	this	period	in	
each	of	the	4	oceans.	This	stability	of	bigeye	catches	in	a	context	of	increasing	fishing	effort	do	correspond	
to	 a	 clear	 marked	 decline	 in	 the	 bigeye	 global	 CPUEs	 (total	 bigeye	 catch/total	 fishing	 capacity)	 of	 PS	
(Figure	22).	 It	 can	 be	 hypothesized	 that	 this	marked	 decline	was	 due	 to	 an	 unexplained	&	 surprising	
decline	of	the	juvenile	bigeye	catchability	in	the	FAD	fishery,	or/and	to	a	decline	in	the	bigeye	recruitment.	
This	 striking	 relationship	 between	 the	 FAD	 catches	 of	 small	 bigeye	 and	 PS	 fishing	 efforts	 should	 be	
carefully	analyzed	in	each	ocean.		
	

Based	on	the	present	scientific	knowledge,	it	appears	that	there	is,	for	all	bigeye	stocks,	a	clear	potential	
interaction	between	the	FAD	and	non‐FAD	fisheries:	FAD	catches	being	now	important	everywhere	and	
sizes	 caught	 by	 FAD	&	 by	 the	 other	 fisheries	 being	most	 often	 quite	 distinct.	 All	 the	 bigeye	 stocks	 are	
showing	worldwide	very	similar	potential	interactions	between	FAD	&	LL	fisheries,	showing	everywhere	
the	same	patterns	summarized	by	the	bigeye	total	CAS	worldwide	shown	by	Figure	23:	
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 bimodal	catch	at	size:	small	bigeye	caught	on	FADs	and	large	bigeye	caught	by	longliners,	and	FAD	
catches	being	well	under	the	bigeye	optimal	sizes,	

 	bigeye	 catches	 have	 shown	 in	 each	 ocean	 and	worldwide	 very	 large	 increases	 of	 FAD	 catches	
between	the	early	eighties	and	today	(multiplied	worldwide	by	a	factor	of	about	5),	

 	A	simultaneous	increase	of	adult	bigeye	catches	was	also	observed	worldwide	in	recent	years	(an	
average	60%	increase).	

	

In	such	a	context:	the	major	catches	of	small	bigeye	by	FAD	fisheries	taken	on	the	bigeye	stocks	that	are	
fully	exploited	today	should	have	a	negative	impact	on	the	biological	productivity	of	the	bigeye	stocks,	and	
then	reducing	their	MSY,	but	this	negative	impact	remains	difficult	to	estimate.	
	
 
5	 Conclusion	
 
FAD	fisheries	have	been	clearly	the	major	cause	producing,	since	the	early	nineties	and	in	all	the	oceans,	
major	sustainable	increases	of	the	skipjack	catches.	A	positive	point	is	that	these	large	FAD	catches	do	not	
have	 a	 negative	 impact	 on	 the	 biological	 productivity	 of	 the	 skipjack	 stocks.	 On	 the	 other	 side,	 FAD	
fisheries	 have	been	 also	 increasing	 the	 catches	of	 small	 yellowfin	 and	 small	 bigeye:	 FAD	 fisheries	 have	
been	 the	 main	 source	 of	 major	 increases	 in	 the	 catches	 of	 small	 yellowfin	 and	 bigeye	 since	 the	 early	
eighties.	There	is	no	doubt	that	these	large	catches	have	been	reducing	the	biological	productivity	of	the	
bigeye	 and	 yellowfin	 stocks	 that	 are	 heavily	 fished	 today.	 However,	 and	 unfortunately,	 these	 logical	
negative	effects	of	the	increased	bigeye	&	yellowfin	FAD	catches	remain	very	difficult	to	estimate:	they	are	
widely	dependent	of	the	basic	biological	parameters	estimated	(Natural	mortality	by	age	and	growth	by	
sex)	that	are	widely	distinct	(but	often	without	clear	scientific	reasons)	 in	the	various	stock	assessment	
analysis	done	in	the	various	oceans	by	the	tuna	RFMO,	and	also	of	the	stock	assessment	model	used.	Two	
examples	of	these	basic	uncertainties:		
	

1) the	absurd	large	differences	between	natural	mortality	of	the	yellowfin	stocks	presently	assumed	
by	 IOTC	 (very	 low	M)	 and	 by	 the	 IATTC	 (very	 large	M)	 (analyzed	 by	 Fonteneau	 2011)	 in	 their	
recent	 Indian	 and	Eastern	Pacific	 oceans	 stock	 assessment	 analysis	 (Aires	 da	 Silva	 and	Maunder	
2011,	Langley	et	al	2011).		

2) the	very	low	level	of	a	constant	Natural	mortality	of	0.8	that	has	been	used	in	the	Atlantic	by	ICCAT	
for	 skipjack	 until	 2014	while	 very	 large	 (and	 logical)	 natural	mortality	were	 used	 in	most	 other	
oceans	to	run	the	skipjack	stock	assessments.	

	

In	each	of	these	2	cases	any	potential	differences	between	oceans	concerning	the	effects	of	FAD	fisheries	
are	 widely	 artificial,	 being	 mainly	 due	 to	 the	 major	 differences	 in	 natural	 mortality	 assumed	 in	 each	
analysis.	
	

A	recommendation	should	be	made	that	an	active	cooperation	between	tuna	RFMO	scientists	should	be	
reinforced	 in	 order	 to	 better	 coordinate	 the	 international	 scientific	 investigations	 on	 this	 complex	 but	
basic	 question:	 what	 is	 the	 real	 negative	 impact	 of	 FAD	 fishing	 on	 the	 productivity	 of	 the	 skipjack,	
yellowfin	and	bigeye	stocks?	And	what	are	the	real	effects	of	FAD	fisheries	on	the	recruitment	of	adults	in	
the	yellowfin	and	bigeye	spawning	stocks.	The	first	necessary	step	in	the	increased	scientific	cooperation	
on	 FADs	would	 be	 to	 promote	 a	 full	 transparency	 of	 the	 detailed	 fishery	 data	 on	 FADs5	 (catch,	 efforts,	
species	composition	and	sizes).	
	

One	of	major	management	problems	faced	today	by	each	of	the	tuna	RFMO	is	probably	to	take	a	full	real	
control	 of	 their	 FAD	 fisheries:	maintaining	 optimum	 levels	 and	optimal	 fishing	modalities	 of	 their	 FAD	
fisheries,	 since	 today	 FAD	 fisheries	 are	 clearly	 the	 only	 way	 to	 obtain	 the	 MSY	 of	 all	 skipjack	 stocks	
worldwide.	This	future	improved	management	of	the	FAD	fisheries	should	also	find	the	efficient	methods	
that	will	allow	to	reduce	the	catches	of	small	yellowfin	and	of	small	bigeye,	in	order	to	maximise	the	MSY	
of	 these	 valuable	 stocks.	 This	 scientific	 endeavour	 will	 be	 difficult	 to	 reach	 at	 both	 the	 scientific	 and	
management	levels.	A	first	step	in	this	efficient	management	of	FAD	fisheries	would	probably	be	to	limit	
the	number	of	FADs	seeded	in	each	ocean	by	PS	at	reasonable	levels.	This	concept	is	quite	an	obvious	one	
(we	may	for	instance	assume	that	it	would	probably	be	a	tuna	disaster	if	each	of	the	PS	active	worldwide	
was	following	1000	FADs	as	some	PS	today),	but	the	optimal	and	maximal	numbers	of	FADs	seeded	and	
followed	by	each	PS	and	by	the	combined	fleets	should	be	studied	by	scientists.		
                                                            
5	While	today	even	the	total	yearly	catches	taken	on	FADs	in	each	ocean	are	quite	difficult	to	follow.	
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Figure	1.	Map	of	the	yellowfin	and	bigeye	fishing	zones	of	juvenile	(PS	FAD	catches,	upper	fig.	1a)	and	of	
adult	(longline	catches,	lower	fig.	1b),	shown	by	the	log	of	the	catch	/	5°	squares	during	the	history	of	the	
PS	and	LL	fisheries.	

	

	

Figure	2.	 Skipjack	 catches	 by	 5°	 caught	 in	 free	 schools	 and	 associated	 to	 FADs	 (average	 period	 2000‐
2014,	circles	proportional	to	catches	(upper	map,	fig.	2a),	and	proportional	to	log	of	the	skipjack	catches	
(lower	fig.	2b).	

-50

-40

-20

0

20

40

50-20020406080100120140160180-160-140-120-100-80-60-4020

-20020406080100120140160180-160-140-120-100-80-60-4020
 Log PS  YFT-BET 1990-2014                        2YFT BET

-50

-40

-20

0

20

40

502002040608010012014016018016014012010080604020

-20020406080100120140160180-160-140-120-100-80-60-40-200

0

0

 Log LL  YFT-BET 1960-2014                        2YFT BET

10080604020

-100-80-60-40-200

0

-

-

0

2

4

520020406080100120140160180160140120

-20020406080100120140160180-160-140-120

10080604020

-100-80-60-40-200

0

-

-

0

2

4

520020406080100120140160180160140120

-20020406080100120140160180-160-140-120

-40

-20

0

20

40

502002040608010012014016018016014012010080604020

-20020406080100120140160180-160-140-120-100-80-60-4020
3



Joint	t‐RFMO	FAD	Working	Group	meeting	 			 													Doc.	No.	j‐FAD_25/2017	
April	11,	2017	(3:10	PM)	 	 	

 

Page	11	of	18	

	
Figure	 3.	 Estimated	 carrying	 capacity	 of	 tropical	 purse	 seine	 fleets	 worldwide	 (m3)	 and	 estimated	 of	
yearly	fishing	efforts	on	FADs.	
	

	

Figure	4.	World	tuna	catches,	total,	by	purse	seiners	and	on	FADs.	
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Figure	5.	Yearly	estimated	FAD	catches	by	species	worldwide.	

	

Figure	 6.	 Yearly	 world	 catches	
of	 YFT	 by	 PS:	 on	 FAD	 and	 by	
others	methods.	
	

Figure	 7. Yearly	 world	 catches	
of	 SKJ	 by	 PS:	 on	 FAD	 and	 by	
others	methods.	
	

Figure	 8. Yearly	 world	 catches	
of	 BET	 by	 PS:	 on	 FAD	 and	 by	
others	methods.	
	

	

Figure	9.	Yearly	catches	of	bigeye	caught	on	FADs	in	each	of	the	four	oceans.	
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Figure	19.	 Monthly	 growth	 rates	 at	 age	 estimated	 for	 YFT,	 SKj	 and	 BET	 (in	 kg/month)	 in	 the	 Indian	
Ocean,	mainly	based	on	 the	 tagging	results,	estimated	by	Eveson	et	al.	 (2014)	 (following	LogVB	growth	
curves).	

Figure	20.	Typical	relative	biomass	of	YFT,	SKJ	and	BET	cohorts	as	a	function	of	tuna	sizes,	estimated	by	simulation	
and	based	on	typical	growth	curves	and	natural	mortality	at	age	of	each	tuna	species	estimated	at	exploitation	rates	
close	to	FMSY.	

	

Figure	21.	Relationship	between	world	skipjack:	catch	&	fishing	effort	of	purse	seiners	(measured	by	the	
PS	carrying	capacity	adding	since	1985	a	FAD	efficiency	factor).	
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MANAGING	THE	NUMBER	OF	FADS	USING		
FISHERIES‐INDEPENDENT	DATA:	PRINCIPLES	AND	THEORIES	

	
L.	Dagorn,	M.	Capello1,	Y.	Baidai,	C.	Zarzar,	J.	Amandé,	H.	Andrade,	M.	Simier,	N.	Billet,	L.	Floch,	F.	Forget,	M.	

Travassos		
	
	
We	 present	 a	 general	 framework	 for	 deriving	 fisheries‐independent	 abundance	 indicators	 for	 the	
populations	 of	 tropical	 tuna,	 based	on	 their	 associative	dynamics	 in	 an	 array	of	 FADs.	Our	 approach	 is	
based	 on	 three	main	 components:	 (1)	 a	 behavioural	model	 (2)	 the	 collection	 of	 field	 data	 (3)	 a	 set	 of	
analytical	tools	that	allow	to	parameterize	the	model	from	field	data.	The	behavioural	model	simulates	the	
associative	dynamics	of	tropical	tuna	in	an	array	of	FADs.	We	show	how	this	model	allows	obtaining	an	
association	 index	 (i.e.,	 the	 ratio	 between	 the	 associated	 and	 total	 population),	 as	well	 as	 an	 abundance	
index	(i.e.,	an	indicator	of	the	overall	population	of	tropical	tuna	that	is	located	in	the	FAD‐array	region).	
The	 sensitivity	 of	 the	 two	 indices	 relative	 to	 the	model	 parameters	 (number	 of	 FADs,	 individual	 tuna	
probability	of	association	and	 to	depart	 from	the	FAD)	 is	 studied	 theoretically.	We	show	that	 two	main	
sets	 of	 field	 data	 are	 necessary	 to	 parameterize	 the	 behavioural	model:	 (i)	 electronic	 tagging	 (acoustic	
telemetry	 or	 archival	 tagging)	 and	 (ii)	 echo‐sounder	 buoys	 data.	 This	 framework	 allows	 assessing	 the	
amount	 of	 associated	 and	 total	 population	 of	 tropical	 tuna	 as	 a	 function	 of	 the	 number	 of	 FADs,	 thus	
providing	science‐based	advices	for	their	management.	

	

                                                            
1	manuela.capello@ird.fr		(Corresponding	author). 
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MANAGING	THE	NUMBER	OF	FADS	USING	FISHERIES‐INDEPENDENT	DATA:		
PRINCIPLES	AND	THEORIES	

	
M.	Capello1,	L.	Dagorn,	Y.	Baidai,	C.	Zarzar,	J.	Amandé,	H.	Andrade,	M.	Simier,	N.	Billet,	L.	Floch,	F.	Forget,	

M.	Travassos	
	
	
We	review	the	state	of	the	art	of	the	research	conducted	in	order	to	derive	abundance	indicators	for	the	
populations	 of	 tropical	 tuna	 in	 an	 array	 of	 FADs	 from	 fisheries‐independent	 data.	 We	 review	 the	
type/amount	of	field	data	that	has	been	collected/made	available	to	scientists	so	far.	We	present	how	the	
approaches	 of	 survival	 analysis	 applied	 to	 electronic	 tagging	 data	 can	 be	 used	 to	 infer	 the	
association/departure	probabilities	to	reach/depart	from	FADs	and	how	this	information	can	be	inserted	
in	a	behavioural	model	to	derive	an	abundance	indicator.	Moreover,	we	show	the	current	progress	in	the	
quantification	of	the	FAD‐associated	biomass	from	echo‐sounder	buoys	data.	Finally,	we	discuss	the	open	
questions	and	main	challenges	for	future	research	actions	that	aim	at	providing	science‐based	advices	for	
the	management	of	FADs.	

	

                                                            
1	manuela.capello@ird.fr		(Corresponding	author). 
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ASSESSMENT	OF	USE	OF	FADS	IN	TUNA	FISHERIES	OF	IOTC	CONVENTION	AREA		
	

M.	Shiham	Adam1,	Hilario	Murua2		
	
	
In	the	Indian	Ocean	use	of	fish	aggregating	devices	(FADs)	for	commercial	and	industrial	scale	began	with	
the	inception	of	the	purse	seine	fishery	in	the	mid	1980s.	Initially	fishing	took	place	on	a	combination	of	
free	 swimming	 schools	 and	 schools	 associated	with	natural	 objects	 essentially	 originating	 from	natural	
sources.	During	the	1990s	a	large	number	of	floating	objects,	mainly	bamboo	rafts	attached	with	pieces	of	
old	 purse	 seine	 nets,	 were	 used	 which	 subsequently	 evolved	 into	 more	 purpose	 made	 drifting	 FADs	
(dFADs)	with	GPS	tracking.	More	recently	the	standard	is	also	to	equip	FADs	with	sonar	buoys	to	obtain	
near‐real	 time	 information	 on	 the	 nature	 and	 character	 of	 biomass	 underneath	 allowing	 captains	 to	
determine	when	and	where	to	set	the	nets.	Together	with	a	secondary	fleet	of	supply	vessels	assisting	in	
deployment	 and	 retrieval	 of	 FADs,	 purse	 seine	 fishery	 have	 become	 extremely	 efficient	 in	 harvesting	
surface	schooling	tropical	tuna	species.	Small	numbers	of	anchored	FADs	(aFADs)	are	also	used	in	some	
coastal	States	for	more	selective	gear	types.		
	
In	 the	 IOTC	 purse	 seine	 catches	 are	 recorded	 as	 sets	made	 under	 logs	 (associated)	 or	 free‐swimming	
schools	 (un‐associated).	Roughly	80%	of	 tropical	 species	caught	by	purse	seiners	are	now	caught	using	
dFADs.	The	most	significant	is	the	catch	of	skipjack,	which	in	the	last	three	years	averages	to	95%	taken	
exclusively	 on	 dFADs.	 Skipjack	 targeted	 schools	 also	 take	 small	 amounts	 of	 juveniles	 of	 yellowfin	 and	
bigeye	 with	 is	 evidenced	 by	 an	 appreciable	 difference	 observed	 in	 the	 size	 distribution	 of	 the	 species	
caught	on	dFADs	and	free‐swimming	schools.		
	
dFADs	sets	also	catch	various	non‐target,	 associated	and	dependent	 species,	which	 includes	sharks	and	
ETP	 species.	 Lost	 and/or	 un‐retrieved	 dFADs	 may	 end	 up	 as	 ghost	 gear	 entangling	 turtles	 and	 with	
unintended	consequences	damaging	coral	 reefs	during	beaching	events	which	needs	 to	be	 investigated.	
Much	work	needs	to	be	done	on	FAD	fishery	related	data	collection	and	harmonization		
	
A	 number	 of	 conservation	 and	 management	 measures	 are	 in	 place.	 These	 include	 development	 and	
implementation	 of	 FAD	 management	 plans	 and	 use	 of	 non‐entangling	 FADs.	 More	 recently	 limits	 of	
deployments	of	FADs	were	introduced	and	with	reduction	of	that	limit	in	2016.		
	
	
	
	
	

	

                                                            
1	Marine	Research	Centre,	Ministry	of	Fisheries	and	Agriculture,	Malé,	Maldives.	
2	Azti	Tecnalia,	San	Sebastian,	Spain,	European	Union.  
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REVIEW	OF	THE	STATE	AND	AVAILABLE	INFORMATION	ON	TUNA		
(ANCHORED	AND	DRIFTING)	FAD	FISHERIES	AT	IOTC	

	
Hilario	Murua1		

	
	
Several	resolutions	in	relation	to	FAD	management	and	FAD	data	submission	have	been	adopted	in	IOTC	
since	 2013:	 Resolution	 13/08	 on	 Procedures	 on	 a	 Fish	 Aggregating	 Devices	 (FADs)	management	 plan,	
including	more	detailed	specifications	of	catch	reporting	from	FAD	sets,	and	the	development	of	improved	
FAD	designs	to	reduce	the	incidence	of	entanglement	of	non‐target	species;	Resolution	15/07	prohibiting	
the	 use	 of	 artificial	 lights	 to	 attract	 fish	 in	 drifting	 FADs;	 Resolution	 15/08	 on	 procedures	 on	 a	 Fish	
Aggregating	Devices	(FADs)	management	plan,	including	a	limitation	on	the		number	of	FADs	for	the	first	
time	in	a	tuna	RFMO;	Resolution	16/01	on	Yellowfin	rebuilding	plan	further	limiting	the	number	of	FADs	
to	 be	 used	 agreed	 on	 Resolution	 15/08;	 Resolution	 16/07	 on	 the	 use	 of	 artificial	 lights	 to	 attract	 fish	
prohibiting	 fishing	 vessels	 to	 use	 artificial	 lights	 to	 aggregate	 fish;	 and	 Resolution	 16/08	 on	 the	
prohibition	 of	 the	 use	 of	 aircrafts	 and	 unmanned	 aerial	 vehicles	 as	 fishing	 aids.	 The	 provision	 of	 FAD	
Management	Plans	 and	 information	of	 FAD	use	 (both	 for	dFADs	 and	aFADs)	 by	Member	Countries	 has	
been	 slow	 and	 the	 collection	 of	 yearly	 information	 on	 FADs	 in	 increasing	 with	 time.	 In	 the	 current	
presentation,	 the	 information	available	on	 tuna	FAD	 fisheries	 (both	anchored	and	drifting)	 is	provided.	
These	information	will	help	the	inter‐tuna	RFMO,	as	well	as	IOTC	FAD	Working	Group	(created	in	2015	by	
Resolution	15/09),	 to	 assess	 the	 consequences	 of	 FADs	 in	 IOTC	 tuna	 fisheries	 and	 their	 ecosystems,	 in	
order	 to	 inform	 and	 advise	 on	 future	 FAD‐related	 management	 options.	 Moreover,	 several	 research	
projects	focused	on	FAD	fisheries	have	been	carried	out	in	the	Indian	Ocean	since	2003	including	research	
aimed	to	improve	the	knowledge	base	of	the	FAD	fisheries	as	well	as	the	scientific	based	for	FAD	fishery	
scientific	advice.	
	
	
	
	
	

	

                                                            
1	IOTC	SC	Chair.  
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MAIN	RESULTS	OF	THE	SPANISH	BEST	PRACTICES	PROGRAM:		
EVOLUTION	OF	THE	USE	OF	NON‐ENTANGLING	FADS,	INTERACTION		
WITH	ENTANGLED	ANIMALS,	AND	FAUNA	RELEASE	OPERATIONS	

	
Jon	Lopez1,	Nicolas	Goñi1,	Igor	Arregi1,	Jon	Ruiz2,	Iñigo	Krug3,	Hilario	Murua1,	Jefferson	Murua2,	

Josu	Santiago2		
	
	
About	 half	 of	 the	 tropical	 tuna	 caught	worldwide	 annually	 is	 fished	 by	 purse	 seiners	mainly	 using	 fish	
aggregating	 devices	 (FADs).	 These	 devices,	 although	 being	 a	 very	 effective	 fishing	 tool,	 are	 also	
controversial	 due	 to	 their	 potential	 impacts	 on	 the	 ecosystem.	 Since	 2012,	 Spanish	 tuna	 freezer	
organizations	 OPAGAC	 and	 ANABAC	 have	 a	 voluntary	 self‐regulated	 code	 for	 responsible	 tuna	 fishing.	
This	 agreement	 aims	 to	decrease	 impacts	 and	 improve	 the	 long‐term	 sustainability	of	 the	 tuna	 fishery,	
with	 particular	 emphasis	 on	 FAD‐related	 issues.	 The	 code	 promotes	 best	 fishing	 practices	 by	 reducing	
mortality	of	incidental	catch	of	sensitive	species	(sharks,	rays,	mantas,	whale	sharks,	and	sea	turtles)	and	
the	use	of	non‐entangling	FADs.	In	addition	to	that,	the	agreement	is	based	on	the	following	points:	100%	
observer	coverage,	continuous	training	of	fishing	crew	and	scientific	observers,	implementation	of	a	FAD	
logbook,	 creation	 of	 a	 Steering	 Committee	 and	 continuous	 monitoring	 and	 data	 analysis	 by	 the	
independent	scientific	body	AZTI.	
	
In	order	to	monitor	and	assess	the	level	of	compliance	of	these	good	practices,	a	system	of	monitoring	and	
verification	has	being	implemented	since	late	2014,	and	is	continuously	evaluated,	in	all	the	vessels	of	the	
ANABAC	and	OPAGAC	fleets	(64	purse	seiners	and	23	supply	vessels),	including	Spanish	and	other	flags,	
operating	globally	in	4	tuna	RFMOs	areas	(ICCAT,	IOTC,	WCPFC	and	IATTC).	The	verification	is	based	on	
specifically	 designed	 data‐collection	 forms	 and	 in‐situ	 observations	 recorded	 by	 trained	 scientific	
observers,	 and	 more	 recently,	 also	 by	 electronic	 monitoring	 systems	 (see	 the	 other	 document	 in	 this	
meeting	by	Lopez	et	al.	 to	get	details	on	the	system	of	verification).	Although	several	research	institutes	
are	involved	in	the	program	(e.g.	IEO,	Ocean	Eye,	SFA,	TAAF,	CSP…),	AZTI	is	in	charge	of	coordinating	data	
collection	and	its	posterior	analysis	by	specifically	developed	R	routines	and	programs.	Significant	results	
of	the	first	two	years	of	the	Code	of	conduct	are	presented	and	discussed	in	this	document.	
	
Data	
	
Since	the	introduction	of	AZTI	 in	the	program	as	independent	research	body,	 information	on	more	than	
450	fishing	trips	have	been	collected	and	analysed	for	2015‐2016	(a	total	of	899	fauna	release	and	FAD‐
related	 forms;	Table	1).	 Although	 some	 trials	 were	 conducted	 at	 the	 beginning	 of	 the	 program	 in	 the	
Pacific	 Ocean	 with	 the	 Good	 Practices	 forms,	 their	 use	 was	 not	 finally	 established,	 due	 to	 certain	
restrictions	outside	the	program’s	control.	However,	the	successful	collaboration	with	IATTC	and	WCFPC	
permitted	 to	 obtain	 data	 of	 vessels	 operating	 under	 its	 observer	 programs,	which	 also	 include	 certain	
information	of	interest	on	the	interaction	and	faith	of	sensitive	species	and	FAD	data.	
	
In	this	analysis,	a	total	of	37879	FADs	have	been	observed	and	analysed,	as	well	as	30355	fauna	release	
operations	(Table	2).		
	
Fauna	release	operations	
	
In	the	Atlantic	Ocean,	a	total	of	13211	fauna	release	operations	have	been	observed	and	analysed	during	
2015	and	2016.	The	level	of	conformity	in	the	handling	and	releasing	practices	is	very	high,	exceeding	80‐
90%	of	the	conformity	for	most	of	the	animal	groups	(sharks,	whale	sharks,	rays	and	turtles)	and	reaching	
100%	in	some	cases	(whales)	(Table	3).	Hammerheads	and	mantas,	instead,	showed	values	around	70%	
of	conformity	(66.5%	and	70.6%,	respectively).	Figure	1	shows	the	evolution	and	the	boxplots	of	the	level	
of	conformity	for	each	animal	group	throughout	the	first	two	years	of	the	program	in	the	Atlantic	Ocean.	
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Although	variability	can	be	observed	between	trips,	the	level	of	conformity	is	high	for	most	of	the	vessels	
and	 animal	 groups.	 Similarly,	 the	 analysis	 of	 the	 releasing	 time	 showed	 that	 most	 of	 the	 vessels	 use	
reasonable	times	for	fauna	liberation	(<	5	mins).	In	general,	vessels	showed	improvements	in	this	aspect	
in	the	last	6	months	as	well.	
	
In	 the	 Indian	Ocean,	 a	 total	 of	 4646	 fauna	 release	operations	have	been	observed	and	 analysed	during	
2015	and	2016.	The	 level	 of	 conformity	 in	 the	handling	 and	 releasing	practices	 is	 very	high,	 exceeding	
85%	 of	 the	 conformity	 for	 sharks	 and	 rays,	 and	 reaching	 100%	 for	 turtles	 (Table	4).	Mantas	 showed	
values	around	70%	of	conformity.	 In	the	 fishing	trips	analysed	so	 far,	no	 interaction	with	whale	sharks,	
whales	and	hammerheads	were	observed.	Figure	1	shows	the	evolution	and	the	boxplots	of	the	level	of	
conformity	 for	each	animal	group	throughout	the	 first	 two	years	of	 the	program	in	 the	 Indian	Ocean	as	
well.	 The	 level	 of	 conformity	 observed	 for	 most	 of	 the	 groups	 was	 high	 and	 the	 time	 used	 to	 release	
animals	was	reasonable.	
	
As	 mentioned	 previously,	 the	 data	 provided	 by	 the	 IATTC	 for	 the	 Pacific	 did	 not	 completely	 fit	 Good	
Practices	data	 requirements.	However,	 it	 contained	 interesting	 information	on	 the	 faith	of	 the	sensitive	
species	included	in	the	program.	The	destiny	of	a	total	of	12498	animals	was	investigated.	The	percentage	
of	animals	released	as	“released	alive”,	“returned	to	the	sea”,	“released	unharmed”	or	“not	involved	in	set”	
categories	 was	 high	 for	 all	 the	 groups	 (~90%	 or	 even	 100%	 in	 some	 cases),	 except	 for	 sharks	 and	
hammerheads	(41	and	63%,	respectively)	(Table	5).	Figure	2	shows	the	evolution	and	the	mean	values	of	
each	releasing	practice	for	each	animal	group	considered	in	the	program	for	Spanish	vessels	operating	in	
the	Pacific	Ocean.	
	
FAD‐structures	and	components	
	
During	the	first	two	years	of	the	program,	a	total	of	37879	FADs	were	observed	and	analysed	(Table	2).	
	
The	 number	 of	 FADs	 for	 which	 information	 was	 collected	 in	 the	 Atlantic	 Ocean	 and	 their	 entangling	
degree	are	shown	in	Table	2	and	Figure	3.	Vessels	use	about	50‐200	FADs	in	each	fishing	trip	in	this	area,	
only	 considering	 FADs	 left	 at	 sea.	 As	 it	 can	 be	 seen	 in	Figure	3,	 the	 degree	 of	 entanglement	 has	 been	
reducing	through	time	and	today	many	FADs	are	totally	non‐entangling.	The	major	non‐conformity	in	the	
construction	is	the	use	of	non‐permitted	material	 in	the	upper	part	of	the	raft.	Currently,	 there	are	very	
few	FADs	that	present	both	raft	and	underwater	part	with	certain	non‐conformity	material	(Figure	3).	It	
is	interesting	to	note	that	the	number	of	FADs	for	which	the	total	conformity	cannot	be	evaluated	appears	
to	 be	 somehow	 important	 (~35%).	 However,	 the	 analysis	 in	 the	 verification	 system	 is	 able	 to	 reflect	
vessels’	behaviours	and	suggest	vessel‐specific	changes	where	necessary.	
	
In	 the	 Indian	 Ocean,	 the	 number	 of	 FADs	 used	 and	 analyzed	 for	 each	 fishing	 trip	 and	 vessel	 ranged	
between	~50	and	300.	As	for	the	Atlantic	Ocean,	FADs	that	are	completely	in	non‐conformity	have	almost	
dissapeared	(Figure	3),	and	the	main	issue	is	related	to	the	material	used	to	cover	the	upper	part	of	the	
raft.	It	is	also	interesting	to	note	that	the	percentage	of	totally	non‐entangling	FADs	that	are	currently	used	
has	increased	considerably	through	time	(Figure	3).	Likewise,	there	is	a	significant	part	of	the	FADs	that	
cannot	 be	 completely	 evaluated,	 as	 certain	 parts	 of	 the	 FADs	 were	 not	 observed	 or	 recorded	 by	 the	
observer	(~30%).	As	such,	future	efforts	may	be	conducted	to	try	to	lift	all	FADs	that	are	encountered	at	
sea.	This	improvement	would	assist	to	better	understand	the	deterioration	of	the	underwater	part	of	the	
FADs	through	time	as	well	as	assess	their	progressive	entangling	potential.		
	
In	the	Pacific	Ocean,	the	number	of	FADs	observed	and	analyzed	for	each	fishing	trip	was	25‐250.	The	data	
collected	in	this	region	lack	information	on	the	mesh	size	used	to	construct	the	raft	of	the	FAD.	However,	
these	data	contain	information	on	the	mesh	size	used	in	the	underwater	part	of	the	object.	Because	of	this,	
the	analysis	conducted	for	this	region	was	not	identical	to	that	applied	in	the	Indian	and	Atlantic	Oceans.	
Figure	4	shows	the	evolution	and	use	of	the	different	mesh	size	nets	(<	3	cm;	>	3	cm)	to	construct	FADs	by	
the	Spanish	fleet.	However,	the	ways	nets	are	structured	to	construct	the	underwater	parts	are	unknown,	
so	 the	 entangling	 potential	 cannot	 be	 accurately	 assessed	 for	 each	 FAD	 and	 thus,	 results	 are	 just	
descriptive.	 The	 8872	 FADs	 investigated	 in	 the	 two	 years	 data	 of	 the	 Pacific	 Ocean	 showed	 that	
11	individuals	were	entangled	at	FADs	(4	sharks,	7	turtles;	Table	6).	This	means	that	the	entangling	ratio	
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was	0.12%	for	the	analyzed	data.	Detailed	results	on	the	entangling	potential	by	mesh	size	category	are	
shown	in	Table	6.		
Results	 of	 the	 assessed	 fishing	 practices	 are	 used	 six‐monthly	 to	 provide	 scientific	 advice	 to	 fishing	
companies	and	the	Steering	Committee,	who	use	corrective	mechanisms	where	necessary.	
	
	
Table	1.	 Number	 of	 fishing	 trips	with	 forms	 of	 Good	 Practices	 (except	 *,	which	 are	 data	 of	 the	 IATTC	
observer	program)	collected	during	2015‐2016	for	the	Spanish	fleet	operating	in	the	Atlantic,	Indian	and	
Pacific	Oceans.	
 
	 Atlantic	Ocean	 Indian	Ocean Pacific	Ocean Total
D2	 341	 53 77* 471	(394)
B2	&	B3	 278	 33 117* 428	(311)
Total	 619	 86 194* 899	(705)
	
	
Table	2.	Summary	of	the	number	of	fauna	release	and	FAD‐structure	events	evaluated	in	the	2015‐2016	
period.		

	 Fauna	Release FAD	structure	
Atlantic	Ocean	 13211 22532	
Indian	Ocean 4646 6475	
Pacific	Ocean 12498 8872	
Total	 30355 37879	

	
		
Table	 3.	 Summary	 of	 the	 species	 caught	 and	 released	 by	 Spanish	 tropical	 tuna	 purse	 seiners	 in	 the	
Atlantic	Ocean	for	the	2015‐2016	period	and	its	level	of	conformity	in	handling	and	releasing	practices.	
 

Group Incidental	
Catch	(%)	

Conformity

Whales	 0.03 100

Hammerheads 16.7 66.5

Mantas	 4.9 70.6

Rays	 0.8 89.9

Whale	Sharks 0.5 90

Sharks	 68.1 82.6

Turtles	 8.9 94.9

	

Table	4.	Summary	of	the	species	caught	and	released	by	Spanish	tropical	tuna	purse	seiners	in	the	Indian	
Ocean	for	the	2015‐2016	period	and	its	level	of	conformity	in	handling	and	releasing	practices.	
 

Group Incidental	
Catch	(%)	

Conformity

Mantas 0.6 69.2

Rays 0.3 86.7

Sharks 98.8 85

Turtles 0.3 100
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Table	5.	Summary	of	the	animal	groups	caught	and	released	by	Spanish	tropical	tuna	purse	seiners	in	the	
Pacific	Ocean	for	the	2015‐2016	period	and	their	corresponding	values	for	each	destiny	category.	
 

Group	 Incidental	Catch	(%) Percentage	

Hammerheads	 0.26 63.6

Mantas 0.06 100

Rays	 0.10 100

Whale	Sharks	 0.06 87.5

Sharks	 98.5 40.9

Turtles 1.01 92

	
	
Table	6.	Summary	of	the	number	of	entanglements	and	the	category	of	the	mesh	size	of	the	net	used	to	
construct	 the	underwater	part	of	 the	FADs	analyzed	 in	 the	 first	 two	years	of	 the	program	 in	 the	Pacific	
Ocean.	
 

Category	 Number	 Freq.	 Percentage	

(0,3]	 3047	 4	 0.1	

(3,10]	 2483	 1	 0.0	

(10,20]	 2826	 2	 0.1	

(20,Inf]	 21	 0	 0.0	

NA	 495	 4	 0.8	
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TAKING	ANOTHER	STEP	FORWARD:	SYSTEM	OF	VERIFICATION	OF	THE	CODE	OF		
GOOD	PRACTICES	IN	THE	SPANISH	TROPICAL	TUNA	PURSE	SEINER	FLEET	OPERATING	

IN	THE	ATLANTIC,	INDIAN	AND	PACIFIC	OCEANS	
	

Jon	Lopez1,	Nicolas	Goñi1,	Igor	Arregi1,	Jon	Ruiz2,	Iñigo	Krug3,	Hilario	Murua1,	Jefferson	Murua2,		
Josu	Santiago2	

	
	
About	 half	 of	 the	 tropical	 tuna	 caught	worldwide	 annually	 is	 fished	 by	 purse	 seiners	mainly	 using	 fish	
aggregating	 devices	 (FADs).	 These	 devices,	 although	 being	 a	 very	 effective	 fishing	 tool,	 are	 also	
controversial	due	to	their	potential	impacts	on	the	ecosystem.	In	order	to	decrease	impacts	and	improve	
the	long‐term	sustainability	of	the	fishery,	the	two	Spanish	tuna	purse	seiner	associations,	ANABAC	and	
OPAGAC,	established	in	2012	a	voluntary	agreement	for	the	application	of	good	practices	for	responsible	
tuna	fishing	activities.	The	aim	of	this	agreement	is	to	use	best	fishing	practices	by	reducing	mortality	of	
incidental	catch	of	sensitive	species	(sharks,	rays,	mantas,	whale	sharks,	and	sea	turtles)	and	the	use	of	
non‐entangling	FADs.	The	good	practices	defined	in	this	agreement	also	comprise:	best	releasing	practices	
for	sensitive	fauna,	100%	observer	coverage,	continuous	training	of	fishing	crew	and	scientific	observers,	
and	 the	 implementation	of	a	FAD	 logbook.	Moreover,	 the	system	also	 includes	a	Steering	Committee	 to	
review	the	progress	and	functioning	of	the	program	and	continuous	monitoring	and	data	analysis	by	the	
independent	scientific	body	AZTI.	
	
In	order	to	monitor	and	assess	the	level	of	compliance	of	these	good	practices,	a	monitoring	system	was	
implemented,	 and	 is	 continuously	 evaluated,	 in	 all	 the	 vessels	 of	 the	 ANABAC	 and	 OPAGAC	 fleets	
(64	purse	seiners	and	23	supply	vessels),	 including	Spanish	and	other	flags,	operating	globally	in	4	tuna	
RFMOs	areas	(ICCAT,	 IOTC,	WCPFC	and	IATTC).	The	monitoring	 is	based	on	specifically	designed	 forms	
and	in‐situ	data	recorded	by	trained	scientific	observers,	and	more	recently,	also	by	electronic	monitoring	
systems.	 Fishing	practices	 are	 assessed	 for	 each	 vessel	 every	 semester	 and	 results	 are	 used	 to	provide	
scientific	 advice	 and	 identify	 correction	 mechanisms	 (i.e.	 when	 no‐compliance	 is	 observed	 corrective	
actions	are	suggested	to	vessel	owners/captains).	These	results	also	allow	the	Steering	Committee	to	fine‐
tune	 the	 program.	 The	 Code	 of	 conduct	 as	 well	 as	 the	 verification	 mechanisms	 are	 presented	 and	
discussed	in	this	document.	
	
The	Code	
	
The	agreed	 code	of	 good	practices	 is	dynamic,	 flexible	 and	based	on	 scientific	 advice.	 Since	 it	was	 first	
developed,	 the	 code	 has	 been	 constantly	 updated	 and	 improved.	 In	 2014,	 AZTI	 was	 required	 by	 both	
Spanish	tuna	purse	seiner	organizations	to	coordinate	the	scientific	monitoring	of	the	program.	In	order	to	
better	understand	the	level	of	compliance	of	the	fleet	with	the	code	at	the	beginning	of	the	program,	an	
initial	evaluation	was	carried	out	in	October	2014	through	questionnaires	tailored	to	collect	information	
about	the	level	of	application	of	the	best	practices.	This	information	was	crucial	and	assisted	with	correct	
progress	and	development	of	the	program	in	the	very	 first	stages.	The	most	significant	achievements	of	
the	program	are	shown	in	Figure	1,	which	reflects	that	the	code	and	the	program	are	alive	and	dynamic.	
Currently,	the	program	includes	the	following	points:		
	
1 Design	and	deployment	of	non‐entangling	FADs	(NEFADs)	
	
As	 traditional	 FADs	 (mesh	 size	 >12	 cm)	 are	 supposed	 to	 have	higher	 risk	 of	 entanglement	of	 sensitive	
species	like	sharks	or	turtles,	the	code	forces	the	construction	and	deployment	of	FADs	that	eliminate	or	
reduce	as	much	as	possible	the	potential	of	animal	entanglement	(mesh	size	<3	cm	or	>3	cm	if	constructed	
in	sausages).	As	such,	the	replacement	and	use	of	lower	entanglement	risk	FADs	(and	if	possible	NEFADs)	
is	mandatory	since	February	2012	with	minimum	standards	in	designs	and	materials.	
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2 Safe	fauna	release	operations	
	

The	 code	 develops	 appropriate	 species‐specific	 handling	 procedures	 for	 sensitive	 fauna	 that	 always	
preserves	 crew’s	 safety	 while	 discouraging	 other	 practices	 that	 are	 less	 favourable.	 These	 releasing	
procedures	 are	 based	 on	 the	 outputs	 of	 the	 EU	 project	MADE,	which	 have	 been	 used	 as	 standard	 best	
practice	for	safe	release	operations	in	tRFMOs.	

	
3 100%	observer	coverage	
	
All	 the	 vessels	 of	 the	OPAGAC	and	ANABAC	 fleet,	 including	 auxiliary	 vessels,	 need	 to	 have	 an	 observer	
onboard,	either	physical	or	electronic,	since January	1,	2015	(January	1,	2017	for	auxiliary	vessels).		

	
4 Implementation	of	a	FAD	logbook		
	
Both	organizations	agree	to	comply	with	the	FAD	Management	Plan	and	the	FAD	logbook	adopted	by	the	
relevant	national	fishing	authority	as	well	as	obey	the	minimum	data	collection	requirements	adopted	by	
the	RFMOs.		
	
5 Training	of	fishing	crew	and	scientific	observers	
	
To	 ensure	 that	 practices	 are	 well	 monitored,	 transferred	 to	 and	 adopted	 by	 the	 skippers,	 crew	 and	
observers,	various	tools	have	been	developed,	including	workshops,	guidebooks,	and	on‐line	materials.	
	
6 External	verification	of	all	fishing	activities	
	
AZTI	coordinates	data	collection	and	conducts	six‐monthly	reports	based	on	in	situ	observations	recorded	
by	scientific	observers.	The	level	of	compliance	is	measured	through	specifically	prepared	R	routines.		

	
7 Creation	of	a	Steering	Committee	
	
The	program	is	monitored	by	a	Steering	Committee	formed	by	science‐industry	members	that	ensures	the	
correct	function	of	the	agreed	practices,	suggesting	ideas	for	improving	and	adopting	changes	if	necessary.	
	
The	system	of	verification	
	
Although	many	different	research	institutes	of	tropical	Atlantic	and	Indian	Ocean	areas	are	involved	in	the	
data	collection	of	the	program,	AZTI	is	in	charge	of	coordinating,	collecting,	processing	and	analysing	data.	
As	such,	AZTI	developed	specific	forms	in	English,	French	and	Spanish	to	collect	detailed	information	on	
fauna	release	operations	and	FAD	structure‐related	 issues	 through	scientific	observers	 (Annex	 I).	Once	
data	are	validated	by	the	corresponding	institute,	they	are	sent	to	AZTI	for	double	checking,	storing	and	
analysis.	Several	R	routines	have	been	developed	for	data	manipulation	and	analysis,	including	scripts	for	
data	 depuration,	 pre	 and	 post‐processing	 and	 compliance	 analysis.	 Although	 trials	 were	 conducted	 to	
include	 forms	 in	 the	 Pacific	 Ocean,	 their	 use	 was	 not	 finally	 established	 in	 the	 region.	 However,	 the	
successful	collaboration	with	 IATTC	and	WCFPC	permitted	to	obtain	data	of	vessels	operating	under	 its	
observer	programs,	which	included	information	on	the	interaction	and	faith	of	sensitive	species	and	FAD	
data.	
	

The	 level	 of	 conformity	 and	 the	 reason	 of	 non‐conformity	 during	 fauna	 release	 operations	 (inevitable	
residual	mortality;	lack	of	specific	material	for	liberation;	real	non‐conform	procedure),	as	well	as	the	time	
used	to	release	animals	are	computed	for	each	fishing	trip	and	vessel,	which	allows	to	see	in	detail	vessel‐
specific	 behaviour	 and	 evolution	 for	 each	 animal	 group.	 FAD	 structures	 and	 components	 are	 also	
investigated	 by	 trip	 and	 vessel,	 only	 considering	 for	 the	 analysis	 FADs	 left	 at	 sea.	 In	 order	 to	 better	
monitor	the	level	of	compliance	of	vessels	on	FAD‐related	habits,	6	categories	are	established	for	analysis,	
from	less	to	greater	entangling	potential	(1:	Completely	Conform;	2:	net	of	>3	cm	in	the	inferior	part	of	the	
raft;	 3:	 net	 of	 >3cm	 in	 the	 upper	 part	 of	 the	 raft;	 4:	 pieces	 of	 net	 >3cm	 in	 the	 underwater	 part;	
5:	underwater	part	with	net	>3cm;	6:	raft	and	underwater	part	with	net	>3cm),	and	an	additional	category	
(0)	to	reflect	the	number	of	FADs	at	sea	for	which	the	total	conformity	cannot	be	evaluated	(i.e.	certain	
parts	were	not	checked	in	detail	by	the	observer).		
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TUNA	FISHING	WITH	FADS	IN	TUNISIA:	THE	CASE	OF	DOLPHINFISH	(DOL)	
	

Ghailen	Hajjej1	and	Donia	Sohlobji	
	
	
	
ABSTRACT	

There	is	very	limited	use	of	FADs	in	fishing	in	Tunisia.	They	are	used	by	artisanal	fishers	targeting	mainly	
dolphinfish	Coryphaena	hippurus	(DOL),	taking	amberjack	as	by‐catch.	
	
Dolphinfish	aggregate	around	 floating	objects.	Having	noted	 this	behaviour,	 fishers	 realised	 that	 fishing	
around	floating	objects	often	produced	higher	yields	than	those	obtained	in	the	open	sea.	As	a	result,	some	
have	started	to	rely	on	this	tendency	for	fish	to	aggregate	around	naturally	occurring	floating	objects	to	
increase	their	catches.	
	
The	main	 focus	of	 fishing	 for	dolphinfish	 in	Tunisia	are	 juveniles.	Adults	are	 fished	at	 the	same	time	as	
tuna	 and	 using	 the	 same	 gears	 (longline,	 purse	 seine…)	 while	 juveniles	 (18	 <	 FL	 <	 50	 cm)	 are	 fished	
seasonally,	 generally	 from	 August	 to	 December.	 Fishers	 use	 fish	 aggregating	 devices	 (FADs)	 called	
"Ganatsi".	These	devices	are	comprised	of	a	wooden	trapezoidal	frame,	to	which	either	date	palm	leaves	
"jrid"	are	attached	or	an	opaque	plastic	tarpaulin,	providing	shade.	Between	20	to	70	of	these	structures	
are	arranged	in	parallel	lines	on	the	water	surface	at	intervals	of	between	50	to	80	metres.	Each	structure	
is	 fitted	with	 a	 ballast	 and	 a	 float.	 The	 FADs	 are	 immersed	 in	 traditional	 fishing	 areas,	whose	 average	
depth	ranges	from	30	to	60	metres	in	the	eastern	region,	but	which	can	reach	a	depth	of	180	metres	in	
some	southern	regions	(Zaouali	and	Missaoui,	1999).	
	
Monitoring	of	landings	from	2011	to	2015	show	annual	variations.	A	minimum	of	288	t	was	observed	in	
2012	and	a	maximum	of	800	t	 in	2013.	The	annual	average	of	the	past	five	years	is	540	t.	However,	the	
highest	 landings	are	produced	in	September	and	October,	generally	accounting	for	more	than	40%.	The	
bulk	of	these	catches	are	taken	in	the	eastern	region	i.e.	68%	on	average	for	the	past	eleven	years.	

	

                                                            
1	 Institut	 National	 des	 Sciences	 et	 Technologies	 de	 la	 Mer	 (INSTM),	 Port	 de	 pêche	 6000	 Gabès,	 ghailen.hajej@instm.rnrt.tn	
(corresponding	author). 
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POSITION	STATEMENT	BY	INTERNATIONAL	POLE	&	LINE	FOUNDATION	
	

International	Pole	&	Line	Foundation1		
	
	
SUBJECT:	Key	Areas	for	Action	in	FAD	Management	

	
	
Dear	Joint	RFMO	FAD	Working	Group	Delegates,	Participants,	and	Observers,	
	
This	 letter	 is	 submitted	on	behalf	of	 the	undersigned	companies	and	 fishing	 industry	associations	all	of	
whom	are	Members	of	the	International	Pole	&	Line	Foundation	(IPNLF)	and	are	involved	in	the	supply	
chain	 of	 tropical	 tunas.	 In	 particular,	 we	 are	 writing	 to	 express	 our	 views	 on	 fish	 aggregating	 devices	
(FADs)	 in	 tropical	 tuna	 fisheries,	 and	 the	 need	 for	 improvements	 across	 the	 RFMOs	 and	 industry	 on	
management,	data	collection,	and	accountability.	
	
As	the	tuna	Regional	Fisheries	Management	Organizations	(RFMOs)	embark	on	their	respective	processes	
to	further	examine	FAD	fisheries	to	improve	the	management	of	FADs,	we	encourage	this	working	group	
to	fully	consider	the	following	points:	
	
 The	 impact	 of	 current	 FAD	 numbers	 on	 tuna	 populations	 and	 the	 broader	 ecosystem	 are	 poorly	

understood.	 In	 this	 context,	 RFMOs	 should	 apply	 the	 Precautionary	Approach	 and,	 at	 a	minimum,	
freeze	the	dFAD	footprint	until	more	is	known.	Adopting	‘limits’	that	actually	incentivise	an	increase	
in	overall	dFAD	use	are	counterproductive.		

 Mechanisms	should	be	developed	to	take	advantage	of	the	valuable	fishery	information	collected	by	
dFADs	 that	 is	 currently	 not	 shared	with	 fisheries	managers	 or	 scientists.	 These	 data	will	 provide	
clarity	on	dFAD	numbers,	benefit	future	stock	assessments	and	other	scientific	endeavours,	and	aid	
in	the	development	more	effective	FAD	management	measures.	To	accomplish	this,	dFAD	data	should	
be	 shared	 with	 relevant	 scientific	 bodies,	 secretariats,	 and	 research	 institutes,	 in	 line	 with	
confidentiality	provisions	of	the	RFMOs,	not	later	than	6	months	after	they	are	collected.	

 Better	understand	how	FAD	fishing	and	densities	of	dFADs	in	tropical	areas	impact	the	distribution	
and	CPUEs	of	 tropical	 tunas	to	higher	 latitude	coastal	 fisheries.	RFMOs	should	act	 to	eliminate	and	
reduce	social	and	economic	hardships	on	coastal	communities	that	rely	on	stocks	of	tropical	tunas.	

 Coastal	 States	 allowing	 access	 to	 purse	 seine	 vessels	 to	 fish	 in	 their	 EEZs	 should	 consider	 stricter	
licensing	 requirements	 for	 the	 use	 of	 dFADs,	 including	 the	 sharing	 of	 tracking	 information	 with	
fisheries	managers	and	scientists,	limits	on	numbers	of	dFADs	in	their	zone	at	a	given	time,	rules	on	
dFADs	 deployed	 outside	 their	 EEZ	 but	 drifting	 inside,	 and	 licensing	 schemes.	 Complementary	
mechanisms	to	track	and	monitor	dFADs	should	be	implemented	on	the	high	seas	by	the	RFMOs.	

 In	 looking	at	the	 impacts	of	 fishing	on	associated	schools,	all	data	must	be	analysed	and	a	range	of	
options	 be	 considered	 including	 capacity	 limits	 (i.e.	 numbers	 and	 types	 of	 buoys,	 limits	 of	 supply	
vessels	 and	 daily/weekly/monthly	 deployment	 limits),	 effort	 limits	 (number	 of	 sets),	 as	 well	 as	
combination	of	both.	

 Supply	vessels	and	dFADs	are	a	key	component	of	fishing	capacity	and,	as	such,	must	be	considered	
in	any	fishing	capacity	measures.	As	FADs	are	meant	to	attract	tuna,	they	are	constantly	in	the	act	of	
“fishing”2	 and	 the	biomass	under	each	buoy	 is	 constantly	monitored	by	dFAD	owners.	This	 clearly	
enhances	the	ability	and	therefore	the	efficiency	of	purse	seine	vessels	to	catch	tuna.	Commitments	to	
“freeze	capacity”	or	“capacity	limits”	at	the	RFMOs	should	apply	to	dFADs	and	buoy	numbers	as	well.	
	
	

                                                            
1	International	Pole	&	Line	Foundation.	
2	All	FADs,	whether	monitored	or	not,	fit	the	definition	of	“fishing”	adopted	by	ICCAT,	IATTC,	IOTC,	and	WCPFC.	
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MITIGATION	OF	SILKY	SHARK	BYCATCH	IN	TROPICAL	TUNA	PURSE	SEINE	FISHERIES	
	

Laurent	Dagorn1	,	JD	Filmalter2,	Fabien	Forget3,	Melanie	Hutchinson4,	David	Itano3,	Jeff	Muir5,	
Igor	Sancristobal6,	Manuela	Capello1,	Kim	Holland5,	Victor	Restrepo3	

	
	
ABSTRACT	
	
Silky	sharks	are	caught	by	a	variety	of	fisheries.	Although	purse	seining	does	not	account	for	the	majority	of	those	
catches,	 the	 impact	by	 this	 fishing	gear	on	silky	shark	populations	can	be	important.	This	document	notes	
some	of	the	actions	that	can	be	taken	to	mitigate	silky	shark	mortality.	
	
Regarding	unobservable	mortality	("ghost	fishing")	due	to	entanglement,	its	magnitude	has	not	been	studied	in	
every	ocean,	but	it	likely	can	occur	everywhere.	Some	people	argue	that	it	needs	to	be	quantified	before	action	is	
taken.	But,	a	simple	solution	exists:	using	non‐entangling	 FADs	 can	 completely	 eliminate	 entanglement,	
while	 still	 attracting	 tunas	 efficiently.	IATTC,	ICCAT	and	IOTC	 already	 require	 a	 transition	 to	non‐entangling	
FADs,	but	WCPFC	does	not.	ISSF	has	been	advocating	that	WCPFC	adopt	a	CMM	transition	to	non‐entangling	FADs	
as	the	other	three	tuna	RFMOs	have	done.	
	
Regarding	catches	that	are	potentially	brought	onboard,	there	are	several	mitigation	actions	that	can	be	taken.	
Shifting	part	of	the	effort	from	FADs	to	free	schools	will	reduce	shark	mortality	to	varying	degrees	depending	
on	the	magnitude	of	the	shift.	As	an	example,	a	20%	effort	shift	could	increase	survival	by	16%	at	least	in	the	
WCPO	(the	impact	may	vary	by	Ocean).	Avoiding	making	sets	on	FADs	that	have	tuna	aggregations	under	
10	t	could	 increase	survival	by	30%.	Catching	 sharks	inside	the	net	with	handlines	and	releasing	them	 could	
increase	survival	by	21%	(or	more,	as	the	technique	is	improved	in	the	future).	And,	releasing	sharks	from	the	
deck	following	best	handling	practices	will	increase	survival	by	up	to	20%.	
	
Used	in	combination,	the	sequential	survival	following	the	same	sequence	of	actions	would	be	as	follows:	
	

 Shift	20%	effort	to	free	schools	=	+16%.	
 Set	only	on	FADs	with	>	10	t	tunas	=	+25%.	
 Fish	sharks	from	the	net	=	+12%.	
 Release	from	the	deck	=	+9%.	

	
Altogether,	these	four	actions	in	combination	can	increase	silky	shark	survival	in	purse	seine	fisheries	by	62%.	
And	they	will	also	increase	the	survival	of	other	shark	species.	
	
Some	of	these	mitigation	actions	will	be	easier	to	implement	than	others.	For	example,	 releasing	from	the	
deck	following	best	handling	practices	is	simple	and	would	constitute	a	negligible	cost	during	fishing	operations	
(though	crew	safety	must	be	ensured).	Others,	like	not	setting	on	small	tuna	aggregations	and	shifting	effort	to	
free	schools,	will	incur	costs	to	 the	fleets,	as	the	total	tuna	catch	could	be	affected.	Fishing	sharks	from	the	net	
should	not	affect	normal	fishing	operations,	but	there	needs	to	be	crew	available	to	undertake	the	activity	
during	the	set.	However,	all	of	these	activities	are	achievable	and	together	would	greatly	contribute	towards	
shark	conservation.	
	

                                                            
1	IRD,	France,	laurent.dagorn@ird.fr	(corresponding	author).	
2SAIAB,	South	Africa.	
3ISSF.	
4NOAA,	USA.	
5University	of	Hawaii,	USA.	
6AZTI,	Spain.	
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WHAT	DOES	WELL‐MANAGED	FAD	USE	LOOK	LIKE	WITHIN	A	TROPICAL	PURSE	SEINE	FISHERY?	
	
John	Hampton,	Gerry	Leape,	Amanda	Nickson,	Victor	Restrepo,	Josu	Santiago,	David	Agnew,	Justin	Amande,	
Richard	Banks,	Maurice	Brownjohn,	Emmanuel	Chassot,	Ray	Clarke,	Tim	Davies,	David	Die,	Daniel	Gaertner,	
Grantly	Galland,	Dave	Gershman,	Michel	Goujon,	Martin	Hall,	Miguel	Herrera,	Kim	Holland,	Dave	Itano,	Taro	
Kawamoto,	Brian	Kumasi,	Alexandra	Maufroy,	Gala	Moreno,	Hilario	Murua,	Jefferson	Murua,	Graham	Pilling,	

Kurt	Schaefer,	Joe	Scutt	Phillips,	Marc	Taquet1		
	
	
ABSTRACT	

	
The	 authors	 participated	 in	 the	 Global	 FAD	 Science	 Symposium,	 March	 20‐23,	 2017,	 in	 Santa	 Monica,	
California	and	are	presented	without	affiliation.	This	paper	is	one	of	several	from	the	Symposium	and	does	
not	 represent	 an	 exhaustive	 discussion	 of	 the	 issue	 but	 includes	 points	 agreed	 by	 participants.	 The	
participants	 recognized	 that	 impacts	 of	 FADs	 and	 FAD	 management	 cannot	 be	 considered	 entirely	
independently	 of	 harvest	 strategies,	 issues	 related	 to	 fishing	 capacity,	 ecosystem	 structure,	 or	
management	of	all	other	 fishing	gears	 in	tropical	 tuna	fisheries.	None	of	these	points	alone	will	address	
the	management	challenges	associated	with	FAD	use.	The	effectiveness	of	any	of	these	points	will	depend	
on	 the	 levels	 of	 implementation	 and	 compliance	 and	need	 to	 be	 connected	 to	 processes	 at	 the	RFMOs.	
Participants	 underlined	 the	need	 for	 data	 harmonization,	 standardization,	 and	 availability	 and	 stressed	
the	need	 to	develop	standardized	 language	and	definitions	 to	support	consistent	 interpretation	of	what	
conservation	and	management	measures	intend	to	achieve	across	ocean	basins.	In	response,	participants	
offer	a	glossary	(Appendix	1)	as	a	“straw	man”	for	consideration	and/or	development,	and	underline	the	
clear	 need	 for	 this	 standardization.	 Participants	 noted	 that	 “best	 practices”	 are	 not	 necessarily	 “most	
practical”	and	will	need	to	be	assessed	to	determine	which	are	most	appropriate	to	apply	in	any	particular	
management	 setting	 or	 geographic	 area.	 Finally,	 participants	 stressed	 the	 need	 for	 ongoing	 and	 close	
collaboration	among	scientists,	managers,	and	industry	in	driving	innovative	solutions	within	and	across	
RFMOs.	The	points	presented	here	are	not	in	an	order	of	priority;	priorities	and	solutions	may	change	on	a	
regional	basis.	
	
Introduction	
	
The	topic	of	"FAD	management"	in	tropical	tuna	purse	seine	fisheries	has	been	the	subject	of	considerable	
attention	in	recent	years.	However,	with	very	few	exceptions,	there	are	no	purse	seine	fleets	that	fish	all	
year	 round	on	FADs	only	or	on	 free	 schools	 of	 tuna	only.	 Furthermore,	 the	 species	of	 tuna	 targeted	by	
purse	seine	fisheries	(primarily	skipjack,	yellowfin	and	bigeye)	are	also	targeted	by	other	fisheries	such	as	
longline,	 pole‐and‐line,	 gillnet	 and	 troll.	 For	 these	 reasons,	 the	 impacts	 of	 FADs	 and	 FAD	management	
cannot	be	considered	entirely	 independently	of	harvest	strategies,	 fishing	capacity,	ecosystem	structure,	
or	management	of	all	other	fishing	gears	in	tropical	tuna	fisheries.	
	
In	this	paper,	we	consider	the	issue	of	managing	FAD	use	within	tropical	tuna	purse	seine	fisheries.	These	
considerations	 are	 separated	 into	 three	 general	 categories:	 (1)	 Managing	 impacts	 on	 target	 species;	
(2)	managing	impacts	on	non‐target	species,	coastal	habitats,	and	the	pelagic	marine	ecosystem;	and,	(3)	
the	management	framework,	including	monitoring,	compliance	and	surveillance	(MCS).		
	
	
1	 Managing	impacts	on	target	tunas	
	
A	well‐managed	purse	seine	fishery	has	the	following	attributes	regarding	target	species:	
	

 Target	stocks	are	maintained	around	the	target	levels	and	away	from	biological	limits	that	could	
severely	impact	the	stocks;	

                                                            
1	 For	 more	 information	 about	 the	 Global	 FAD	 Science	 Symposium	 or	 about	 this	 paper,	 contact	 Grantly	 Galland	
(ggalland@pewtrusts.org).	
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 Where	a	 target	 stock	 is	overfished,	 a	 rebuilding	program	 is	 in	place	with	a	 clear	 timetable	and	
milestones	to	rebuild	the	stock	to	around	the	target	level;	

 Assessments	of	the	target	stocks	are	conducted	regularly	to	inform	decision	makers.	
	
Clearly,	 these	cannot	be	achieved	by	managing	FAD	use	alone.	They	require	agreement	on	a	number	of	
elements	 such	 as	 management	 objectives	 for	 each	 stock	 (targets,	 limits,	 etc.)	 and	 decisions	 about	
allocation,	 both	 among	 gears	 and	 within	 the	 purse	 seine	 fishery.	 Nevertheless,	 there	 are	 a	 number	 of	
management	actions	for	FAD	use	that	are	high	priority	and	consistent	with	the	above	principles.	These	are	
actions	that	will	mitigate	the	impact	of	FAD	use	on	overfished	target	tuna	stocks,	including	bigeye	in	the	
Atlantic	and	Pacific	oceans	and	yellowfin	in	the	Indian	and	(to	a	lesser	extent)	Atlantic	oceans.	
	
Examples	of	best	practices	for	target	species	include:	
	
 Setting	catch	limits	specifically	for	juvenile	tunas	caught	by	purse	seine	operations,	particularly	of	

overfished	stocks;	
 Shifting	some	purse	seine	 fishing	effort	 from	FAD	sets	 to	sets	on	unassociated	 tuna	schools	 (free	

schools),	either	voluntarily	or	through	annual	FAD	set	limits;	
 Avoiding	setting	on	FADs	with	large	concentrations	of	juvenile	or	overfished	tunas,	including	by:	

 Avoiding	hotspots,	where	overfished	species	are	relatively	abundant	or	vulnerable	 (this	could	
include	time‐area	closures);	

 Developing	 techniques	 to	use	FAD	acoustic	 technology	 to	avoid	 sets	 that	 are	 likely	 to	 contain	
high	numbers	of	overfished	species,	recognizing	that	this	practice	will	require	technological	and	
methodological	advances;	

 Avoiding	 purse	 seine	 setting	 techniques	 or	 equipment	 that	 are	 more	 likely	 to	 select	 overfished	
species	(if	such	things	can	be	identified);	

 Using	improved	datasets	to	develop	science‐based,	FAD	deployment	limits.	
	
Some	 of	 these	 practices	 (e.g.,	 avoiding	 hotspots	 or	 use	 of	 acoustic	 technology	 to	 inform	 purse	 seine	
captains)	 require	 market‐	 or	 policy‐based	 incentives	 to	 encourage	 or	 require	 operators	 to	make	 good	
choices	when	setting	their	purse	seine	gear.	
	
	
2	 Managing	impacts	on	non‐target	species,	coastal	habitats,	and	the	pelagic	marine	ecosystem	
	
A	well‐managed	purse	seine	fishery	has	the	following	attributes	regarding	non‐target	species	and	marine	
ecosystems:	
	

 Non‐target	stocks	are	maintained	above	biological	limits	that	could	severely	impact	the	stocks.	For	
endangered,	threatened,	and	protected	(ETP)	species,	measures	are	in	place	to	minimize	mortality;	

 Where	 a	 non‐target	 stock	 is	 overfished,	 the	 fishery	 will	 not	 hinder	 its	 recovery	 and	 there	 are	
timetables	and	milestones	in	place	to	rebuild	the	stock	to	around	the	target	level;	

 Operators	collect	and	report	data	on	interactions	with	non‐target	species	and	their	fate	(discarded,	
kept),	at	the	species	level;	

 Waste	is	minimized;	
 The	fishery	is	operated	so	that	it	is	unlikely	to	reduce	the	structure	or	function	of	habitats	and	the	

pelagic	ecosystem.	
	
Tropical	 purse	 seine	 tuna	 fisheries	 have	 relatively	 low	 bycatch	 rates	 compared	 to	 other	 industrial	
fisheries.	However,	impacts	vary	by	set	type	and	region,	with	FAD	sets	generally	catching	higher	diversity,	
numbers,	and	biomass	of	non‐target	species	(e.g.,	sharks,	small	tuna	species,	etc.).	Though	bycatch	rates	
are	relatively	low,	the	large	scale	of	the	global	purse	seine	fishery	may	lead	to	measurable	impacts	on	non‐
target	species,	via	entanglement	in	the	FAD	itself	or	encirclement	by	the	purse	seine	vessel	during	a	set.		
	
Examples	of	best	practices	for	non‐target	species	include:	
	

 Shifting	some	purse	seine	 fishing	effort	 from	FAD	sets	 to	sets	on	unassociated	 tuna	schools	 (free	
schools),	either	voluntarily	or	through	annual	FAD	set	limits;	
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 Avoiding	interactions	before	a	purse	seine	set	by:	
 Using	FADs	that	are	not	likely	to	entangle	sharks,	sea	turtles,	or	other	species;	
 Avoiding	sets	on	 small	FAD‐associated	schools	 that	generally	have	a	higher	bycatch	 rate	 than	

large	schools;	
 Identifying	and	avoiding	“hotspots”	where	the	risk	of	catching	non‐target	species	is	high;	

 If	encircled	by	a	purse	seine	net,	actively	releasing	sharks	(via	other	fishing	gear)	and	turtles	(via	
manual	capture);	

 If	 brought	 on	 deck,	 practicing	 safe‐handling	 techniques	 for	 sharks	 and	 resuscitation/revival	
techniques	for	sea	turtles,	to	reduce	mortality	after	release;	

 Reducing	dead	discards	and	promoting	increased	utilization	of	non‐target	bony	fishes,	accounting	
for	impacts	on	local	markets	and	artisanal	fisheries.	
	

In	addition	to	the	impacts	of	FADs	and	FAD	fishing	on	non‐target	species,	there	is	some	concern	about	the	
contribution	of	FADs	to	marine	debris	and	direct	impacts	on	sensitive	habitats,	such	as	coral	reefs.		
	
Examples	of	best	practices	for	ecosystem	impacts	include:	
	

 Using	biodegradable	FADs;	
 Improving	monitoring	of	FAD	deployments	and	locations	of	drifting	FADs	for	use	in	evaluating	FAD	

density	impacts	on	the	pelagic	ecosystem,	including	tuna	aggregation	dynamics;	
 Using	improved	datasets	to	develop	science‐based,	FAD	deployment	limits;	
 Developing	FAD	recovery	plans	with	provisions	to	minimize	loss,	abandonment,	or	interaction	with	

sensitive	habitats,	 including	by	partnering	with	coastal	groups	to	use	FAD	location	information	to	
assist	in	recovery	of	FADs	before	they	encounter	sensitive	areas.	

	
	
3	 Management	framework,	including	MCS	
	
A	well‐managed	fishery	has	the	following	attributes	regarding	management:	
	

 Short	and	long‐term	objectives	are	clearly	stated	and	explicitly	defined;	
 The	management	system	exerts	effective	cooperation	with	other	 fisheries	 for	 the	management	of	

shared	stocks;	
 Overall	capacity	of	the	fishery	is	limited,	either	directly	or	through	effort	or	catch	limits,	in	order	to	

be	commensurate	with	management	objectives;	
 An	 effective	 MCS	 system	 is	 in	 place	 to	 ensure	 compliance	 with	 management	 measures	 and	

collection	of	data	necessary	to	inform	management.	
	
The	 effectiveness	 of	 any	 of	 the	 practices	 identified	 in	 (1)	 and	 (2)	 above	 will	 be	 dependent	 on	
implementation	 by	 management	 bodies	 and	 compliance	 by	 stakeholders	 and	 as	 such	 will	 need	 to	 be	
connected	to	those	processes	at	the	tuna	RFMOs.	
	
Examples	of	best	practices	for	MCS	include:	
	

 Requiring	100%	observer	coverage	(human	or	electronic)	of	purse	seine	vessels,	in	order	to	record	
FAD	deployment,	retrieval,	set	types,	and	catch	numbers;	

 Requiring	100%	observer	coverage	(human	or	electronic)	of	supply	vessels,	in	order	to	record	FAD	
deployment	and	retrieval;	

 Requiring	100%	VMS	coverage,	with	a	reporting	resolution	sufficient	to	detect	fishing;	
 Implementing	full	tuna	catch	retention	and	effectively	monitoring	catch	numbers	during	unloading;	
 Using	FAD	positional	data	in	combination	with	VMS	data	to	identify	FAD	sets;	
 Effectively	and	comprehensively	addressing	 suspected	non‐compliance	at	 the	 licensing	authority,	

flag	state,	or	RFMO,	as	appropriate.	 	
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Appendix	
FAD	GLOSSARY	

	
NOTES:	
	

(1) The	 purpose	 of	 this	 Glossary	 is	 to	 provide	 definitions	 of	 different	 terms	 that	 are	 used	 in	 the	
context	 of	 FAD	 use	 in	 tuna	 purse	 seine	 fisheries.	 In	 some	 cases,	 certain	 terms	 do	 not	 have	 a	
universally	 agreed	definition,	 and	 their	meaning	may	depend	on	 the	 context	 in	which	 they	 are	
used.	The	terms	in	this	glossary	are	grouped	by	topic.	

	
(2) Often,	RFMOs	 adopt	 binding	measures	 that	 contain	 terms	which	 are	not	 precisely	 defined,	 and	

this	can	lead	to	ambiguity	and	subjectivity	in	interpretation.	One	example	is	for	"non‐entangling	
FAD	 (NEFAD)	 designs"	 which	 are	mentioned	 in	 measures	 for	 three	 RFMOs.	 However,	 the	 key	
attributes	for	the	construction	of	NEFADs	are	not	defined	in	the	measures.	Ideally,	definitions	of	
such	 terms	would	 span	management,	 scientific	 as	well	 as	 industry	 interests.	 This	would	 allow	
clarity	for	fishers,	fishery	managers,	and	compliance	professionals.		

	
Bycatch	
	
There	 is	 no	 universally‐agreed	 definition,	 although	 the	 connotation	 is	 usually	 one	 of	 undesired	 catch.	
Generally	 speaking,	 bycatch	 refers	 to	 the	 catch	 of	 anything	 that	 is	 not	 the	main	 reason	 for	 which	 the	
skipper	is	fishing,	whether	retained	or	discarded.		
	
Some	of	the	terms	related	to	bycatch	are	the	following:	
	

Target	 species:	 The	 tropical	 tuna	 purse	 seine	 fisheries,	 depending	 on	 their	 fishing	 strategy,	 target	
skipjack,	 yellowfin	 and/or	 bigeye	 tuna.	 Considerations	 such	 as	 size	 also	 matter,	 as	 tunas	 that	 are	
undesirably‐small	for	processing	are	also	sometimes	called	bycatch.		
	
Non‐Target	 species:	 These	 generally	 include	 minor	 tuna	 species	 (bullet	 and	 frigate	 tunas,	 Pacific	
black	 skipjack,	 little	 tunny),	 other	 bony	 fishes	 (mahi‐mahi,	 rainbow	 runner,	 billfishes),	 sharks,	 rays,	
turtles,	etc.	Some	of	these	species	can	be	targeted	opportunistically	during	a	fishing	trip.	
	
Discarded/Retained:	Any	catch,	whether	target	or	non‐target,	can	be	either	discarded	or	retained	on	
board.	Many	scientific	studies	equate	the	term	"bycatch"	with	discards.	
	
Byproduct:	 This	 term	 is	 often	 used	 for	 catch	 of	 non‐target	 species	 that	 is	 retained	 and	 utilized	
(e.g.	consumed	onboard,	processed	on	board	or	given	to	the	crew	in	port).	

	
Efficiency	
	
A	 vessel's	 or	 a	 fleet's	 fishing	 efficiency	 can	 change	 over	 time,	 resulting	 in	 greater	 amounts	 of	 fishing	
mortality.	 There	 are	many	 factors	 that	 contribute	 to	 the	 efficiency	 of	 tuna	 purse	 seine	 vessels.	 If	 their	
adoption	 and	 resulting	 impact	 on	 catch	 rates	 cannot	 be	 quantified	 adequately,	 this	 results	 in	 "effort	
creep"	(an	unquantified	increase	in	efficiency	over	time).	
	
The	following	are	some	of	the	main	factors	that	contribute	to	efficiency,	with	a	focus	on	FAD	fishing.	

	
Beacon	 (also	GPS	Buoy):	Drifting	FADs	 can	be	 fitted	with	 transmitter	 beacons	 so	 that	 they	 can	be	
located.	 In	order	 to	monitor	 the	number	of	FADs	used	by	a	vessel	or	a	 fleet,	 the	 following	terms	are	
being	proposed	for	use	in	RFMOs:	
	

Operational	beacon:	a	beacon	that,	after	 leaving	the	 factory	and	passing	 through	transit,	has	
been	registered	and	has	the	ability	to	transmit.	
	
Active	beacon:	operational	beacon	located	at	sea	and	transmitting	position	reports.	
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Deactivation:	Action	of	de‐registering	a	beacon	by	the	buoy	supplier	company	after	the	
request	by	the	ship	owner	due	to	loss,	theft	or	other	cause.	
	
Reactivation:	 action	 of	 re‐registering	 a	 beacon	 previously	 deactivated	 by	 the	 buoy	
supplier	company	after	the	request	by	vessel	owner.	
	

Fleet	size:	If	the	number	of	vessels	in	a	fleet	increases,	the	fleet's	capacity	will	increase.	
	
FADs:	The	deployment	and	use	of	FADs	allows	skippers	 to	 fish	 in	 remote	areas	where	 tuna	schools	
were	not	very	abundant	or	easily	accessible	before,	to	plan	trips	with	greater	certainty	and	efficiency,	
to	make	fewer	"skunk	sets"	(sets	where	the	school	of	 tuna	escapes)	and	to	catch	more	skipjack	tuna	
(a	very	productive	and	abundant	tuna).	FADs	are	equipped	with	some	type	of	location	device,	ranging	
from	simple	radio	beacons	to	sophisticated	GPS,	enabling	the	skipper	or	fleet	manager	to	locate	them	
remotely.	The	number	of	FADs	deployed	by	a	vessel	or	company	 increases	 their	capacity	because	of	
increased	options	for	“cherry	picking”	the	FADs	with	more	biomass	underneath.	But,	there	may	come	a	
point	 where	 high	 FAD	 density	 in	 an	 area	 is	 counter‐productive	 because	 of	 a	 saturation	 effect	 that	
reduces	aggregation	size.	
	
Echosounder	buoys:	Many	FADs	(100%	for	some	fleets)	are	being	equipped	with	echosounder	buoys	
that	estimate	the	amount	of	 fish	biomass	present	underneath.	This	allows	the	skipper	or	manager	to	
make	decisions	about	what	areas	to	visit	in	order	to	have	access	to	FADs	with	high	tuna	biomass.	
	
Supply	(support)	vessels:	 Some	 fleets	use	supply	vessels	 to	plant	and	check	FADs	and	 to	maintain	
them.	A	supply	vessel	can	work	with	one	purse	seiner	or	be	shared	by	a	group.	Such	activity	allows	a	
fishing	vessel	to	access	a	larger	number	of	FADs	than	it	would	otherwise	be	able	to	maintain.	
	
Helicopters	and	radars:	Helicopters	and	bird	radars	have	traditionally	been	used	to	search	for	tuna	
schools.	They	are	now	also	being	used	to	search	for	FADs	that	are	not	controlled	by	the	vessel.	

	
Fishing	Strategy	
	
A	fishing	strategy	is	a	plan	followed	by	a	vessel	designed	to	achieve	certain	results	in	terms	of	catch.	The	
strategy	may	be	that	of	a	skipper,	a	vessel	owner,	group	of	vessels,	or	a	fleet.	Fishing	strategies	can	change	
seasonally	or	over	time.		
	
There	are	three	main	fishing	strategies	in	tropical	tuna	purse	seine	fisheries:	
	

Dolphin	strategy	(dolphin	fishing):	Vessels	that	primarily	target	schools	of	yellowfin	tuna	associated	
with	dolphins.	These	tuna‐dolphin	associations	are	most	common	in	the	eastern	Pacific	Ocean.	
	
FAD	strategy	 (FAD	 fishing	or	Floating	object	 fishing):	 Vessels	 that	 largely	 rely	 on	FADs	 (floating	
objects)	to	catch	tunas,	primarily	skipjack.	
	
Free‐school	strategy	(school	fishing):	Vessels	that	largely	rely	on	free‐school	sets	to	catch	yellowfin	
and/or	skipjack.	

	
Note:	Most	tuna	purse	seine	vessels	do	not	adhere	to	one	of	these	strategies	all	of	the	time;	for	instance,	a	
vessel	typically	makes	both	sets	on	floating	objects	and	on	free	schools	during	a	fishing	trip.	Thus,	even	if	a	
vessel	is	following	a	strategy,	it	will	deviate	from	it	opportunistically	or	seasonally.	
	
Floating	Object	(FOB)	
	
An	object	floating	at	sea	that	attracts	tuna	underneath.	A	floating	object	can	be	natural,	natural	but	altered	
by	fishers,	or	man‐made.		
	
The	following	broad	categories	of	floating	objects	are	defined	(adapted	from	CECOFAD):	
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FAD	(fish	aggregating	device):	A	man‐made	FOB	specifically	designed	to	encourage	fish	aggregation	
at	the	device.	
	

DFAD	(Drifting	FAD):	A	DFAD	typically	has	a	floating	structure	(such	as	a	bamboo	or	metal	raft	
with	buoyancy	provided	by	corks,	etc.)	and	a	submerged	structure	(made	of	old	netting,	canvass,	
ropes,	etc.).	
	
AFAD	(Anchored	FAD):	Anchored	FADs	usually	consist	of	a	very	 large	buoy,	anchored	to	 the	
bottom	with	a	chain.	AFADs	are	called	'payaos'	in	some	regions.	
	

LOG:	A	natural	(branches,	carcasses,	etc.)	or	artificial	(wreckage,	nets,	washing	machines,	etc.).		
	

FALOG	(Artificial	log	resulting	from	human	fishing	activity):	These	artificial	logs	are	usually	
abandoned	 or	 lost	materials	 related	 to	 fishing	 activity	 (nets,	wreck,	 ropes,	 vessels	 that	 act	 as	
FADs,	etc.).		
	
HALOG	(Artificial	log	resulting	from	human	non‐fishing	activity):	Other	artificial	logs	(e.g.	a	
washing	machine,	oil	tank,	etc.).	
	
ANLOG	(Natural	log	of	animal	origin):	A	natural	log	such	as	a	whale	carcass	or	a	living	whale	
shark.	 Note:	 In	 some	 regions,	 sets	 on	 whale	 sharks	 are	 seen	 as	 being	 similar	 to	 FAD	 sets,	
whereas	in	other	regions	they	are	seen	as	more	similar	to	free‐school	sets.	
	
VNLOG	(Natural	log	of	plant	origin):	A	natural	log	such	as	a	branch,	trunk,	palm	leaf,	etc.	

	
According	to	their	design	characteristics,	the	following	categories	of	FADs	are	often	used:	
	

NEFAD	 (non‐entangling	 FAD):	 FAD	 designed	 to	 minimize	 ghost	 fishing	 (entanglement	 of	 fauna,	
primarily	 sharks	 and	 turtles).	 For	 a	 FAD	 to	 be	 completely	 non‐entangling,	 it	 must	 use	 no	 netting	
materials	 either	 in	 the	 surface	 structure	 (raft)	 or	 the	 submerged	 structure.	 Some	organizations	 also	
consider	NEFADs	to	be	those	using	netting	but	built	to	minimize	entanglement	such	as	using	netting	
tied	 in	 bundles	 or	 using	 small	 size	 netting	 (<7	 cm	 stretched	 mesh);	 these	 are	 sometimes	 called	
LERFADs	(Lower	Entanglement	Risk	FADs).		
	
Biodegradable	 FADS:	 FADs	 constructed	 with	 natural	 or	 biodegradable	 materials	 that	 reduce	 the	
impact	 of	 beaching	 and	debris.	The	 term	biodegradable	 is	 applied	 to	 a	material	 or	 substance	 that	 is	
subject	 to	 a	 chemical	 process	 during	 which	 microorganisms	 that	 are	 available	 in	 the	 environment	
convert	 materials	 into	 natural	 substances	 such	 as	 water,	 carbon	 dioxide,	 and	 decompose	 organic	
matter.	The	time	required	for	biodegradation	of	different	materials	varies.	Some	fishers	believe	that	a	
FAD	should	last	up	to	one	year	before	degrading.	

	
Set	types	
	
A	purse	seine	is	a	large	wall	of	netting	deployed	around	an	entire	area	or	school	of	tuna.	The	net	is	then	
"pursed"	by	closing	the	bottom,	and	the	catch	is	harvested	by	hauling	the	net	aboard.	
	
There	are	three	main	set	types	in	tropical	tuna	purse	seine	fisheries:	
	

Free	school	(FS)	set:	The	net	is	deployed	around	a	free‐swimming	school	of	tuna,	i.e.	a	school	that	is	
not	associated	with	any	floating	object	or	a	pod	of	dolphins.	
	
Floating	object	set	(Associated	set):	The	net	is	deployed	around	a	school	of	tuna	that	has	aggregated	
under	 a	 floating	 object.	 The	 characteristics	 of	 the	 catch	 made	 in	 the	 presence	 of	 a	 floating	 object,	
whether	a	log	or	a	FAD,	tend	to	be	similar	and	scientists	tend	to	group	the	data	resulting	from	these	
into	 the	 category	 "Floating	 object	 set."	 In	 recent	 years,	 the	 term	 "FAD	 set"	 has	 also	 been	 used	
interchangeably.	
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Dolphin	set:	The	net	is	deployed	around	a	tuna‐dolphin	association.	
	

Note:	
Attributing	the	catch	to	a	set	type	is	not	always	straightforward.	For	example,	a	floating	object	may	
be	present	in	or	near	the	set,	but	not	visible.	Or,	a	floating	object	may	be	at	a	distance	beyond	an	
RFMO's	 legal	definition	(e.g.	1	nautical	mile	 in	one	RFMO),	but	the	tuna	school	may	still	be	under	
the	object's	attraction.	Furthermore,	the	push	by	some	markets	to	source	"FAD‐free	tuna"	(i.e.	catch	
from	 anything	 other	 than	 floating	 object	 sets)	 can	 be	 a	 driver	 for	 misreporting	 of	 set	 type	 in	
logsheets	or	observer	reports.	
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ACTIVITIES	OF	THE	ICCAT	AD‐HOC	WORKING	GROUP	ON	FADS	DURING	2015‐2016	
	

David	J	Die1	and	Shep	Helguile2		
	
	

SUMMARY	
	

The	working	group	provided	a	summary	of	technical	findings	and	a	set	of	management	recommendations	
to	 the	 Commission	 in	 2016.	 As	 a	 result	 of	 such	 findings	 the	 Commission	 enacted	 a	 set	 of	 measures	
regarding	 management	 of	 tropical	 tuna	 fisheries	 that	 depend	 on	 FADs.	 The	 Commission	 recognized,	
however,	that	there	are	additional	management	challenges	associated	with	FAD	dependent	fisheries	and	
decided	 to	 extend	 the	 mandate	 of	 the	 ad‐hoc	 working	 group	 for	 at	 least	 one	 more	 year.	 The	 current	
document	briefly	discusses	the	outcomes	of	the	working	group	activities,	the	challenges	that	it	has	faced	
and	the	work	planned	for	2017.	
	
	
	 	

                                                            
1 University	of	Miami.	4600	Rickenbacker	C.	Miami	FL	33149.	USA.		ddie@rsmas.miami.edu	
2	Ministère	des	Ressources	Animales	et	Halieutiques,	Rue	des	Pêcheurs;	B.P.	V‐19,	Abidjan.	Cote	d’Ivoire;	shelguile@yahoo.fr 
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Appendix	
	

ACTIVITIES	OF	THE	ICCAT	AD‐HOC	WORKING	GROUP	ON	FADS	DURING	2015‐2016	
	
	
2015‐2016		
	
The	 ICCAT	 ad‐hoc	 working	 group	 on	 FADs	 was	 set	 by	 the	 Commission	 in	 2014	 [Rec.	2014‐03]	 to:	
1)	Gather	information	on	FADs	related	to	provisions	in	the	relevant	ICCAT	conservation	and	management	
measures,	2)	Assess	the	use	of	FADs	in	tropical	tuna	fisheries	in	ICCAT	and	of	the	relative	contribution	of	
FADs	 to	 overall	 fishing	 mortality,	 3)	 Assess	 developments	 in	 FAD‐related	 technology	 and	 4)	 Consider	
recommendations	 to	 the	 Commission	 for	 possible	 additional	 actions	 relating	 to	 FAD	management	 and	
recovery.	 In	 2016	 the	 working	 group	 (WG)	 completed	 its	 initial	 objectives	 and	 gathered	 enough	
information	(ICCAT	2016a,	ICCAT	2016b)	to	provide	advice	to	the	Commission	on:	
	

 Technological	developments	related	to	FAD	fishing,	
 New	sources	of	population‐level	data	provided	from	FAD	fishing,	
 Effects	on	vulnerable	species,	
 Development	of	biodegradable	FADs,		
 Preliminary	estimates	of	the	number	of	FAD	deployments	and	their	spatial	distribution,	
 FAD	losses	and	their	possible	contribution	to	marine	debris,	
 Estimates	of	biomass	of	bycatch	associated	with	FAD	fishing,	
 Differences	in	species	and	sizes	of	tropical	tunas	caught	in	FADs	and	free	schools,	
 Potential	effects	of	FAD	fishing	on	ecosystem	structure	and	function.	

	
Although	 the	 WG	 was	 successful	 in	 fulfilling	 its	 initial	 mandate,	 it	 faced	 some	 challenges,	 which	 are	
discussed	below.	
	
Ensuring	balanced	participation	from	different	stakeholders	
	
The	WG	was	set	up	to	give	a	voice	to	all	kinds	of	expertise:	scientific,	operational,	management	and	policy	
so	as	to	advance	the	state	of	knowledge	and	help	develop	management	recommendations.	ICCAT	provided	
a	 structure	 to	 facilitate	 this	 by	 assigning	 funding	 for	 the	meetings	 and	 travel	 assistance	 for	 developing	
participants	 from	 developing	 Contracting	 Parties	 (CPCs).	 In	 spite	 of	 this,	 participation	 in	 the	 two	WG	
meetings	can	be	described	as	uneven.	There	were	scientists	associated	with	industry,	research	institutions	
and	 some	NGOs,	 some	 industry	managers	 and	 fishery	managers	 but	 few	 Commissioners	 and	 no	 active	
fishermen.	 It	 has	 to	 be	 mentioned	 that	 fishermen	 often	 interact	 with	 scientists	 through	 the	 many	
collaborative	research	projects	on	FADs	that	have	been	conducted	in	recent	years,	and	that	their	ideas	and	
initiatives	are	often	transmitted	by	their	representatives	to	the	meetings.	It	is	unclear,	however,	whether	
fishermen	see	their	voice	well	represented	at	these	meetings.	The	same	can	be	said	about	representation	
by	NGOs,	although	a	few	NGOs	were	present	at	the	meetings	they	were	global	institutions,	and	may	not	be	
necessary	representing	the	views	of	local	stakeholders	in	coastal	CPCs	that	may	be	more	affected	by	the	
consequences	 of	 FAD	 fishing	 and	 FAD	 management.	 It	 should	 be	 noted	 that	 appropriate	 stakeholder	
participation	is	an	on‐going	challenge	for	ICCAT	in	general,	not	just	for	the	work	related	to	FADs.	
	
Number	of	CPCs	represented	
	
Participation	and	input	to	the	WG	was	mostly	restricted	to	CPCs	directly	involved	in	FAD	fishing	or	with	
intensive	 FAD	 fishing	within	 their	 EEZ.	 There	was	 a	 general	 lack	 of	 participation	 from	other	 CPCs	 that	
have	 an	 important	 stake	 in	 the	health	 of	 tropical	 tunas	 stocks	 and	 the	 ecosystem	which	 support	 them.	
Many	 such	 CPCs	 provided	 their	 input	 during	 the	 ICCAT	 Commission	 meeting.	 Unfortunately,	 lack	 of	
participation	in	the	WG	often	leads	to	more	difficult	negotiation	of	management	measures	during	annual	
Commission	meetings.		
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Format	of	meetings	
	
As	 an	 ICCAT	 Commission	 body	 the	WG	 is	 subject	 to	 the	 rules	 of	 procedure	 of	 the	 Commission.	 It	 was	
challenging	 for	 the	 WG	 to	 initially	 agree	 on	 a	 format	 for	 the	 annual	 meetings,	 namely	 whether	 the	
participants	were	 there	 as	 experts	 or	 representatives	 of	 a	 given	 CPC	 or	 specific	 stakeholder.	 The	 first	
meeting	was	conducted	mostly	as	a	meeting	of	experts,	with	free	flowing	interventions	and	input.	It	was	
mainly	 a	 gathering	 of	 information	 and	 an	 initial	 discussion	 on	 whether	 it	 was	 possible	 to	 develop	
management	options	and	recommendations	to	the	Commission.	The	initial	part	of	the	second	meeting	was	
run	also	as	a	gathering	of	new	information,	but	after	the	meeting	was	conducted	more	like	a	Commission	
meeting	 with	 CPC	 representatives	 presenting	 the	 views	 of	 their	 CPC	 and	 providing	 proposals	 for	
discussion	 and	 support,	 as	 it	 is	 done	 in	 Commission	meetings.	 This	mixed	 approach	was	 successful	 in	
providing	a	draft	set	of	recommendations	to	the	Commission,	however,	by	the	end	of	 the	meeting	there	
was	 still	 disagreement	 among	 participants	 on	 whether	 such	 recommendations	 would	 carry	 the	 same	
weight	as	others	produced	by	other	working	groups	of	the	Commission,	or	by	meetings	of	the	Commission	
panels.	
	
Narrow	scope	of	terms	of	reference	
	
The	WG	terms	of	reference	were	purposely	designed	to	have	a	narrow	scope	and	to	focus	on	the	practice	
of	fishing	with	FADs	and	its	consequences	on	tropical	tuna	stocks	and	its	ecosystem.	Unfortunately,	FAD	
fishing	is	only	one	type	of	operations	that	target	tropical	tunas	or	that	impact	the	ecosystems	that	support	
them.	 Under	 the	 paradigm	 of	 ecosystem‐based	 fishery	management	 one	 has	 to	 consider	 all	 sources	 of	
mortality	on	harvested	stocks	and	all	 fishing	activities	 that	affect	a	given	ecosystem.	The	WG	was	often	
reminded	of	the	difficulty	of	focusing	on	the	activities	of	a	single	type	of	operation	without	being	able	to	
compare	 them	 to	other	 fishing	 activities	 such	as	 fishing	by	 longlines	 and	gillnets.	The	WG	did	 consider	
comparisons	between	the	different	types	of	purse	seine	operations,	on	natural	object,	on	free	schools	or	
on	FADs.	The	WG	did	not	address	anchored	FADs	to	any	great	extent.	If	ICCAT	wanted	to	implement	the	
principles	of	ecosystem‐based	management	it	would	have	to	consider	impacts	of	other	types	of	fishing	as	
thoroughly	as	it	is	considering	those	from	purse	seines.	
		
2017	WG	workplan	
	
The	 Commission	 used	 some	 of	 the	 recommendations	 of	 the	WG	 to	 modify	 tropical	 tuna	 management	
[Rec.	16‐01].	This	included	expanding	the	size	and	duration	of	the	FAD	closure	and	enacting	limits	on	the	
number	of	FAD	actively	used	by	an	individual	vessel.	The	Commission	also	decided	to	extend	the	life	of	the	
WG	[Rec.	16‐02]	and	challenged	the	WG	to	work	on:	
	

 Ways	to	reduce	juvenile	catches	of	bigeye	and	yellowfin	tuna	
 Estimating	the	past	and	current	number	of	and	different	types	of	buoy	
 Improving	the	use	of	information	related	to	FADs	in	the	process	of	stock	assessments	
 Reducing	FADs'	ecological	impact	through	improved	design	
 Compliance	with	FAD	related	provisions	including	marking	of	buoys	
 Identify	management	 options	 and	 common	 standards	 for	 FAD	monitoring,	 including,	 limits	 on	

FAD	sets;	deployment	limits	of	FADs;	characteristics	of	FADs;	activities	of	purse	seiners,	baitboats	
and	support	vessels;	options	for	and	timing	of	recovery	of	FADs	and/or	mitigating	FAD	loss	

	
The	WG	 is	 due	 to	 meet	 again	 in	 September	 2017	 and	 provide	 input	 to	 the	 Commission	 at	 its	 annual	
meeting	in	November	2017.	
	
	
References	
	
ICCAT	2016a.	Report	of	the	first	meeting	of	the	Ad‐Hoc	Working	group	on	FADs.	ICCAT	Report	for	biennial	

period,	2014‐15,	Part	II	‐	Vol.	1.	Annex	4.3.	pp	187‐206.	
	

ICCAT	2016b.	Report	of	second	meeting	of	ad‐hoc	working	group	on	FADs.	21	p.	
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NEW	METHOD	THAT	COMBINES	DEAD	RECKONING	AND	ACOUSTIC	TELEMETRY	
TO	MEASURE	FINE	SCALE	MOVEMENT	OF	TUNA	ASSOCIATED	WITH	FADS	

	
Tatsuki	Oshima1,	Shoko	Wada1,	Yuuki	Shimizudani1,	Tsutomu	Takagi2,	Kazuyoshi	Komeyama2,	

Yasuhiro	Yoshimura2,	Ippei	Fusejima1	
	

	
ABSTRACT	
	
Mitigating	 small	 tuna	by‐catch	 in	FADs	 fishery	 is	 an	urgent	 task	 for	 sustainable	 fishery.	 In	developing	a	
practical	method	for	mitigating	by‐catch,	 the	knowledge	on	the	reaction	of	 fish	to	 the	 fishing	gear	(FAD,	
net)	 is	 necessary.	 New	 “Hybrid	 fish	 tracking	 method”,	 which	 is	 a	 combination	 of	 dead	 reckoning	 and	
acoustic	telemetry,	was	introduced	and	tested	in	the	FAD	fishing	site.	Out	of	ten	occasions	that	we	tagged	
tunas	with	package	of	data	logger	and	pinger,	4	fishes	were	successfully	recaptured.	As	the	results	showed	
fine	 scale	 trajectory	 of	 tunas,	 the	 new	 method	 is	 considered	 to	 be	 good	 tool	 for	 understanding	 tuna	
behavior	around	FAD	and	net.	
	 	

                                                            
1	Marine	Fisheries	Research	and	Development	Center	(JAMARC)	of	Fisheries	Research	and	Education	Agency	(FRA).	
2	Faculty	of	Fisheries	Sciences,	Hokkaido	University.	
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NEW	METHOD	THAT	COMBINES	DEAD	RECKONING	AND	ACOUSTIC	TELEMETRY	
TO	MEASURE	FINE	SCALE	MOVEMENT	OF	TUNA	ASSOCIATED	WITH	FADS	

	
	

Introduction	
	
The	Fish	Aggregating	Devices	(FADs)	attract	 fish	 including	small	bigeye	tunas.	This	nature	results	 in	by‐
catch	of	small	bigeye	tuna	in	purse	seine	fishery	and	causes	negative	impacts	to	its	stock	status.	Effective	
method	to	mitigate	the	small	tuna	by‐catch	is	necessary.		
	
To	mitigate	small	tuna	by‐catch,	potential	solutions	may	be	changing	the	conventional	method	of	setting	
net	or	letting	small	fish	escape	through	large	mesh	of	the	net.	In	developing	such	method,	however,	there	is	
an	obstacle	that	is	the	lack	of	knowledge	on	the	interaction	of	fish	and	fishing	gear	(FAD,	net).	By	obtaining	
knowledge	such	as	how	fish	move	around	a	FAD	or	react	to	fishing	net,	we	could	develop	practical	ways	to	
mitigate	by‐catch	of	 small	 tunas.	 In	 this	 study,	we	 introduced	a	new	 “Hybrid	 fish	 tracking	method”	 that	
combines	dead	reckoning	and	acoustic	telemetry	to	measure	fine	scale	movement	of	tuna	associated	with	
FADs.	
	

Materials	&	methods	
	
1 Hybrid	fish	tracking	method	
	
Hybrid	 fish	 tracking	 method	 is	 a	 new	 way	 to	 measure	 fine	 scale	 movement	 of	 fish	 under	 water	 by	
combining	dead	reckoning	and	acoustic	telemetry.	
	
Dead	 reckoning	 is	 a	method	 to	 estimate	 position	 of	 fish	 by	 calculating	 the	 distance	 and	 direction	 that	
travelled	 from	 a	 previously	 known	 position.	 The	 data	 loggers	 such	 as	 acceleration	 logger	 are	 used	 to	
measure	 fish	speed,	acceleration,	direction,	depth	and	so	on.	By	calculating	 those	data,	 the	position	of	a	
fish	is	estimated	from	the	previous	position	(one	second	before).	The	three‐dimensional	trajectory	of	a	fish	
will	 be	 obtained	 by	 successive	 position	 estimates	 by	 such	 calculations.	 This	 procedure,	 however,	 can	
accumulate	errors	over	time	and	results	in	large	error	in	position,	even	if	error	in	single	step	is	very	small.	
	
The	 accumulated	 error	 can	 be	 corrected	 by	 combining	 position	 estimates	with	 acoustic	 telemetry.	 The	
position	of	a	fish	attached	with	acoustic	pinger	can	be	estimated	by	calculating	difference	of	the	timing	a	
pinger	signal	reaches	to	multiple	receivers	with	known	position.	
	
2 Field	experiments	
	
A	tuna	purse	seiner	Taikei‐maru	No.1	was	used	for	the	study.	Field	experiments	took	place	in	October	to	
November	2016	 in	 the	eastern	 Indian	Ocean.	Sample	 fishes	were	captured	by	 lure	 fishing	near	FAD	and	
was	attached	with	logger	package	and	then	released.	The	tagging	was	done	the	day	before	the	set	or	just	
before	the	set.	The	logger	package	includes	Vemco	acoustic	pinger	(V13	or	V16)	and	Little	Leonardo	data	
logger	 (PD3GT	or	3M‐PD3GT).	When	PD3GT,	which	 lacks	direction	sensor,	was	used	Star	Oddi	direction	
sensor	(DST‐magnetic)	was	also	added.		
	
The	 acoustic	 signals	 from	 the	 pinger	 was	 received	with	 3	 or	 4	 acoustic	 receivers	 (Vemco	 VR2W).	 The	
receivers	were	deployed	 to	make	 triangle	or	 rectangle	 formations.	 In	 recording	before	 the	 set	 receivers	
were	suspended	 from	the	work	boats.	 In	recording	during	 the	set	2	receivers	were	suspended	by	ropes	
that	were	tied	to	cork	line	of	the	net	and	another	2	receivers	were	suspended	from	the	boats.	When	the	
experiment	continued	overnight,	a	VR2W	receiver	was	attached	to	 the	FAD	to	collect	data	of	presence	/	
absence	of	the	fish.	All	the	receivers	were	set	with	GPS	logger	to	record	the	position	where	pinger	signals	
were	received.	When	a	pinger	signal	reached	3	or	more	receivers,	the	pinger	position	was	calculated	from	
the	 GPS	 position	 of	 the	 receivers.	 The	 estimated	 pinger	 position	was	 used	 for	 correcting	 dead‐reckon‐
estimated	trajectory.	
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SIZE	SELECTIVITY	OF	TUNA	PURSE	SEINE	NETS	ESTIMATED	FROM	FAD	SETS	DATA	

Tatsuki	Oshima1,	Mitsunori	Susuki1,	Shoko	Wada1,		
Yasuyuki	Sasaki1,	Takayoshi	Uehara1,	Hajime	Miyahara1,	Ippei	Fusejima1	

	
	

ABSTRACT	
	
Mitigating	 small	 tuna	by‐catch	 in	FADs	 fishery	 is	 an	urgent	 task	 for	 sustainable	 fishery.	Although	using	
large	mesh	net	might	reduce	small	tuna	catch,	its	impact	is	unknown	as	very	few	studies	has	been	done	on	
the	 size	 selectivity	 of	 purse	 seine	 nets.	 To	 obtain	 quantitative	 information	 on	 the	 size	 selectivity	 we	
compared	the	catch	composition	from	two	different	mesh	size	nets.	The	catch	of	small	mesh	showed	more	
catch	 of	 smaller	 fish	 of	 25‐35cm	FL.	 The	 result	 suggests	 possible	 escape	 of	 small	 fish	 from	 large	mesh	
openings.		
	 	

                                                            
1	Marine	Fisheries	Research	and	Development	Center	(JAMARC)	of	Fisheries	Research	and	Education	Agency	(FRA). 
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Appendix	
	

SIZE	SELECTIVITY	OF	TUNA	PURSE	SEINE	NETS	ESTIMATED	FROM	FAD	SETS	DATA	

	
Introduction	
	
The	Fish	Aggregating	Devices	(FADs)	attract	fish	including	small	bigeye	tunas.	This	nature	results	in	by‐
catch	of	small	bigeye	tuna	in	purse	seine	fishery	and	causes	negative	impacts	to	its	stock	status.	Effective	
method	to	mitigate	the	small	tuna	by‐catch	is	necessary.	
	
Generally,	enlarging	mesh	size	of	nets	can	reduce	by‐catch	of	small	fishes.	In	purse	seine	fishery,	however,	
there	have	not	been	clear	evidence	 that	shows	 the	size	 selectivity	of	 the	gear.	We	 tried	 to	compare	 the	
catch	composition	of	two	nets	with	different	mesh	sizes	and	to	estimate	the	size	selectivity	curves	for	tune	
purse	seine	nets.	
	
Materials	and	Methods	
	
1	 Sampling	
	
Two	 tuna	purse	 seiners	were	used	 for	 the	 study;	Taikei‐maru	No.1	and	Koyo‐maru	No.88.	Two	vessels	
have	nets	with	different	mesh	size;	smaller	mesh	(240mm)	for	Taikei‐maru	and	larger	mesh	(300mm)	for	
Koyo‐maru.	 To	make	 a	 comparison	with	 uniform	 conditions,	we	 used	 data	 of	 the	 sets	 from	 same	 area	
(eastern	 Indian	Ocean)	and	 from	same	period	(November‐December	2016).	Also,	only	 the	data	 for	FAD	
sets	 were	 used.	 Research	 scientists	 on	 board	 both	 ships	 measured	 the	 three‐major	 species	 (skipjack,	
yellowfin	and	bigeye)	to	estimate	the	size	composition	of	each	catch.	Spill	sampling	method	were	used	to	
collect	sample.	
	
The	size	data	from	14	sets	with	small	mesh	and	from	28	sets	with	large	mesh	were	summed	up	for	each	
net	and	were	used	for	the	analysis.	
	
2	 Estimation	of	size	selectivity	curves	
	
We	estimated	the	size	selectivity	curve	of	the	large	mesh	net	using	estimated	split	model	of	the	SELECT	
method	(Millar	and	Walsh1992,	Tokai	&	Mitsuhashi	1998).	
	
For	selection	function	of	the	large	mesh	net,	the	logistic	curve	rሺ݈ሻ	is	applied.	
	

rሺ݈ሻ ൌ
exp	ሺܽ  ܾ݈ሻ

1  exp	ሺܽ  ܾ݈ሻ
	

	
The	“split	parameter”	p	of	the	estimated	split	model	is	the	relative	fishing	intensity	of	the	large	mesh	net.	
In	case	of	this	study,	for	a	fish	caught,	its	probability	of	being	caught	in	large	mesh	and	small	mesh	net	is	p	
and	1	–	p	respectively.		
	
Consequently,	 for	a	 fish	of	 length	 l,	 its	probability	of	being	caught	 in	 large	mesh	is	 ∗ 	,Similarly	ሺ݈ሻ.ݎ its	
probability	of	being	caught	in	small	mesh	is	1	–	p	under	the	assumption	that	small	mesh	net	captures	all	
size	 classes.	 Then	 the	 probability	 that	 a	 fish	 of	 size	 l	 is	 caught	 in	 large	 mesh	 net	 is	 described	 in	 the	
following	function.	

φሺ݈ሻ ൌ
 ∗ ሺ݈ሻݎ

1 െ    ∗ ሺ݈ሻݎ
	

ൌ
 ∗ ሺܽݔ݁  ܾ݈ሻ

1 െ   exp	ሺܽ  ܾ݈ሻ
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The	 number	 of	 fish	 caught	 in	 large	mesh	 net	 can	 be	modelled	 as	 binomial	 distribution.	 The	 likelihood	
function	L,	that	is	multiplied	overall	length	classes	is:	
	

L ൌෑ
݊ା!

݊! ݊ௌ!

φሺ݈ሻಽሾ1 െ φሺ݈ሻሿೄ	

	
where	݊	and	݊ௌ	denotes	 the	number	of	 fish	of	 length	 l	 caught	 in	 the	 large	mesh	and	small	mesh	nets	
respectively.	݊ା	is	the	total	number	of	fish	of	length	l	(݊ା ൌ ݊ 	݊ௌ).	The	log‐likelihood	function	is:	
	

ܮ݈݃ ൌሾ݈݊݃ φሺ݈ሻ  ݊ௌ݈݃ሺ1 െ φሺ݈ሻሻሿ	

	
The	parameters	a,	b	and	p	that	maximize	the	݈݃ܮ	were	estimated	using	Excel	solver.	
	
Results	
	
Figure	1	 shows	 the	 size	 composition	of	 skipjack,	 yellowfin	and	bigeye	 tunas	 caught	with	 two	nets.	 For	
each	species,	the	catch	number	of	25‐35	cm	size	classes	were	generally	larger	in	sample	from	small	mesh	
net	 compared	 to	 that	 from	 large	 mesh.	 This	 suggests	 possible	 escape	 of	 smaller	 fish	 through	 mesh	
openings.	
	
Figure	2	shows	the	fits	of	the	estimated	curves	to	the	observed	proportions	of	catch	of	large	mesh	net	to	
total	catch	for	the	three	species.	Figure	3	shows	the	preliminary	result	of	size	selectivity	curve	estimation	
for	 the	 three	 species.	 Size	 selectivity	 curve	 of	 skipjack	 tuna	 showed	 steeper	 selectivity	 than	 that	 of	
yellowfin	and	bigeye	tunas.	
	
Discussion	
	
The	 large‐scale	 field	 study	 showed,	 for	 the	 first	 time,	 clear	difference	 in	 size	 composition	between	 two	
mesh	size	nets	in	tuna	purse	seine	fishery.	Although	the	mesh	size	ratio	was	only	1.25	times,	the	catch	of	
smaller	tunas	differed	significantly.	
	
As	 for	 the	 selectivity	 curve	 estimation,	 the	 result	 should	 be	 considered	 preliminary	 because	 the	 small	
mesh	we	used	was	not	small	enough	that	some	part	of	smaller	fish	might	have	escaped	through	the	mesh.	
Authors	are	planning	to	conduct	another	comparison	study	with	nets	with	150	and	300	mm	mesh	size.		
	
For	purse	seine	fishery,	it	is	presumed	that	another	factor	such	as	time	of	the	day	(light	condition)	or	the	
current	speed	affect	the	escaping	of	fish	through	mesh	openings.	Those	factors	should	also	be	considered	
in	further	analysis.		
	
	
References	
	
Millar	and	Walsh	1992.	Analysis	of	trawl	selectivity	studies	with	an	application	to	trouser	trawls.	Fisheries	
	 Research,	13(1992)	205‐220.	
	
Tokai	 &	 Mitsuhashi	 1998.	 SELECT	 Model	 for	 Estimating	 Selectivity	 Curve	 from	 Comparative	 Fishing	
	 Experiments.	 Bulletin	 of	 the	 Japanese	 Society	 of	 Fisheries	 Oceanography 62(3) 235‐247	 (in	
	 Japanese).	
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KEY AREAS FOR FUTURE ACTION FOR THE JOINT T-RFMO FAD WG 
 

KEY AREAS SPECIFIC ACTIONS KOBE RFMO CPC 

GENERAL ISSUES 

Legal aspects:        
− Definition of a FAD X X   
− Definition of ownership and responsibilities X X   

Definitions and common indicators:       
− Identify available sources for common definitions  X     
− Harmonize definitions related to science and management of FADs:  

FAD set (associated vs non- associated), non-entangling, 
biodegradable, active buoy, type of operation at FADs etc. 
Prioritization should be given to those definitions with direct 
management implications and the science needed to guide that 
management 

X X   

− Need to develop harmonized FAD fishery indicators (e.g. number of 
FADs, FAD sets, ratio of FAD-associated sets to unassociated sets, 
numbers of vessels deploying FADs and supply vessels etc.) to 
estimate the contribution of FADs to the overall effective fishing 
effort and capacity in tropical tuna fisheries across ocean regions 

X X   

Enhanced cooperation:        
− Collaboration between industry and scientists for the improvement 

of the collection of data, scientific research and to develop effective 
mitigation techniques 

    X 

− Coordination and collaboration on research plans on FADs across t-
RFMOs X X   

− Creation of a small technical working group of experts under the 
KOBE umbrella, with a focus on research and other technical aspects  X X 

  

Elaboration and implementation of appropriate management frameworks:       
− Define clear management objectives X X   
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− Review existing FADs management plans and explore potential for 
harmonization across t-RFMOs X X   

− Assess the effectiveness of various management options for FADs 
within the framework of general tropical tuna fisheries management 
(e.g. overall fishing capacity) 

  X   

− Address monitoring (e.g. 100% observer and VMS coverage) and 
compliance issues 

  X X 

− Consider adaptive, precautionary, management with respect to 
emerging issues with FADs, taking into account the best available 
science 

  
X X 

DATA GAPS AND 
NEEDS  

Data:       
− Identify data gaps and needs   X   
− Optimize and harmonize the collection of data and develop common 

minimum standards and formats X X X 

− Improve data collection in FAD fisheries in general  X X 

− Establish comprehensive systems to accurately quantify numbers of 
FADs and active buoys X X   

− Need for development of robust FAD marking and tracking systems X X   

− Establish wide-scale collection of individual FAD deployment, 
tracking, and set-history data   X X 

− Collect new types of data on the operational and technical fleets´ 
characteristics, including on supply vessels   X X 

− Facilitate access by scientists to acoustic records of the echo-sounder 
buoys as a potential source of fishery independent indices   X X 

− Develop appropriate framework of confidentiality X X X 
− Ensure/facilitate access to data for scientists and managers  

X X 

 
− Mitigate the impact of FADs, consider establishing limits on the 

number of FADs deployed, and consider feasibility and cost-
effectiveness of FAD recovery practices 

X X X 

 − Evaluate economic incentives and disincentives in all FAD 
management measures X X X 
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MITIGATION  

Target species:       
− Identification of hotspots for juvenile BET and YFT   X   
− Evaluate benefits of gear modifications: net changes, FADs designs, 

etc. X X X 

− Encourage further research on pre-set echo-sounder discrimination 
of species, and size, at a FAD X X X 

− Consider the regional effectiveness of time-area closures, including 
adaptive closures, and catch and/or FADs sets limits and allow this to 
inform future management 

  
X 

  

Non-target species:       
− Improve information on the impacts of FAD fisheries on vulnerable 

elasmobranch and turtle species X X   

− Identification of hot spots for vulnerable species   X   
− Implement best practices for handling and safe release of by-catch 

species as appropriate 
  

  X 

− Introduction of non-entangling FADs designs     X 
− Outreach and training of operators   X X 
− Promote full utilization of low value bony fish by-catch, as 

appropriate, and reduction of discards 
    

X 

Habitat: 

  

    

− Mapping and recognition of sensitive areas using available information and 
identification of post-beaching impacts to inform mitigation initiatives X   

− Tracking positions and trajectories of FADs  X X 
− Develop innovative FAD designs to mitigate the habitat impact of FAD 

fisheries such as prevention of FADs sinking and beaching, recovery at sea, 
“smart FADs”, biodegradable designs… 

X X 

− Assess the effect of establishing limits on numbers of FADs deployed as well 
as on areas or periods of deployment X X 

− Promote involvement of coastal communities in implementing actions or 
management measures X X 

− Consider anchored and drifting FADs in the overall analysis of impacts X X 
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2016 activities

1. Summary of the collection and compilation of
information on FADs in the EPO; identification of 
information gaps

2. Progress regarding the most recent scientific 
information on FADs, including information on non-
entangling FADs

3. Review of the data-collection requirements established 
in Resolution C-15- 03; proposal for standard forms

4. Progress regarding management of FADs in other tuna
RFMOs

5. Identification of potential management measures for
FADs: pros and cons



  

Terms of reference [2016] 
1. Collect and compile information on FADs in the EPO, including but not limited to data 

collected by the IATTC and reports prepared by the scientific staff of the IATTC;
2. Review the FAD data collection requirements established in this Resolution to assess the 

need for revision;
3. Develop data reporting formats and definitions of terms related to FAD fishing (e.g. 

biodegradable FADs, non-entangling FADs, etc.), to implement obligations under this 
Resolution, in cooperation with the scientific staff, to be submitted to the Commission for 
consideration;

4. Compile information regarding developments on FADs in other tuna RFMOs;
5. Compile information regarding developments on the latest scientific information on FADs, 

including information on non-entangling FADs, and identify priority areas for research;
6. Prepare annual reports for the SAC, including specific recommendations, as appropriate; 

and
7. Identify and review possible FAD management measures, in coordination with the 

scientific staff and the SAC, and make recommendations to the Commission, as 
appropriate.

Amended text in red





 

  

2016-2017 Work Plan 
2nd Meeting of the Ad Hoc Working Group on FADs
Session 2 (Mexico, July 2017) - Provisional

11. Opening of the meeting (2)
12. Adoption of the agenda of Session 2
13. Summary and main conclusions of Session 1
14. Conclusions of the SAC in connection with the Working Group on FADs
15. Identification of potential FAD management measures (2)
16. Development Workplan of the Working Group for 2017-2018
17. Recommendations for the Commission
18. Other business
19. Adjournment

2016-2017 Work Plan 
2nd Meeting of the Ad Hoc Working Group on FADs
Session 1 (La Jolla, 7th May 2017)

1. Opening of the meeting
2. Adoption of the agenda
3. Review of the inter-sessional activities of the Working Group on FADs
4. Review the FAD data collection requirements established in Resolution C-16-01
5. Definitions of terms related to FAD fishing to implement obligations under 

Resolution C-16-01
6. Progress regarding scientific information on FADs, including information on non-

entangling FADs
7. Priority areas for FAD research in the EPO
8. Progress with respect to management of FADs in other tuna RFMOs
9. Identification of potential FAD management measures (1)
10. Recommendations for the SAC

2016-2017 Work Plan 
2nd Meeting of the Ad Hoc Working Group on FADs
Session 2 (Mexico, July 2017) - Provisional

11. Opening of the meeting (2)
12. Adoption of the agenda of Session 2
13. Summary and main conclusions of Session 1
14. Conclusions of the SAC in connection with the Working Group on FADs
15. Identification of potential FAD management measures (2)
16. Development Workplan of the Working Group for 2017-2018
17. Recommendations for the Commission
18. Other business
19. Adjournment



  

IATTC management framework 
• C-99-07, Resolution on FADs
• C-02-03, Capacity of the tuna fleet operating in the EPO
• C-16-01, on the collection and analyses of data on FADs
• C-17-01, Conservation of tuna in the EPO during 2017 -

amends and replaces C-13-01
– Yellowfin and bigeye tuna
– Objective – maintain stocks at MSY levels
– Scope – all purse seine vessels >182 mt carrying capacity, all 

longline vessels >24 m length overall, fishing in the IATTC 
Area, including EEZs and high seas



 

 

 

 

 

 

 

 

 

 

 

 

  

IATTC management framework 
• Purse seine

– 62 day total closure, choice of 2 periods
– 1 month total closure of ‘Corralito’ area
– Separate total catch limits (YFT + BET) for floating 

object sets (class 4-6) (97,711 mt) and dolphin sets 
(class 6) (162,182 mt)

– Tender vessels prohibited
• Longline

– Specified bigeye tuna catch limits for China, Japan, 
Korea and Chinese Taipei

– Other flags choose 500 mt or their 2001 catch as limit
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