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Abstract 

While drifting FADs contributed to the development of tropical tuna fisheries during the 1990s, their 

too extensive use during the following decades, especially the beginning of the 2010s, has raised 

concerns for tunas, non-targeted species and ecosystems. Though various dFAD management 

measures have been implemented in the Indian Ocean during the 2010s, the impacts of dFADs remain 

a serious concern for many stakeholders of the fishery. Here, we review the existing knowledge and 

management of dFADs impacts, focussing on dFAD impacts that are currently at the heart of the 

debates in the frame of the Indian Ocean Tuna Commission (IOTC). We propose a methodology for 

selecting among the dFAD management measures that have recently been discussed in IOTC based on 

several criteria : their ability to cover several impacts of dFADs, their ability to cover the full lifespan of 

dFADs, the enforceability of the measure and the absence of potential unwanted consequences. 

Finally, based on the experience of the French and associated fleet operating in the Indian and Atlantic 

Ocean, we question the efficiency of current dFAD management in IOTC and provide guidelines and 

recommendations to ensure that dFAD management measures are applicable and fully effective in the 

Indian Ocean. 
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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 

and 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. In the case of tropical tuna purse seine (PS) fisheries, the use 

of man-made drifting FOBs, called Fish Aggregating Devices (FADs) fast increase during the 1990s. At a 

time when the objective of fisheries science was to support the expansion of the world fisheries, 

drifting Fish Aggregating Devices (dFADs) seemed to be a promising tool to develop purse seine 

fisheries (PS) and their use was recommended to capture fast tuna schools (Bard et al., 1985; Stretta 

and Slepoukha, 1986) and the “cryptic” fraction of skipjack stocks (Ariz et al., 1999) that were less 

accessible to purse seine fishing.  

 

During the 1990s and following decades, increasing numbers of dFADs were deployed in the world 

oceans (Fonteneau et al., 2013; Gershman et al., 2015; Maufroy et al., 2017b) and the efficiency of PS 

fishing improved with a significant contribution of FOB fishing and FOB technologies (Lopez et al., 2014; 

Tidd et al., 2016; Maufroy et al., 2017a; Wain et al., 2021). These changes have supported the fast 

development of purse seine (PS) fleets in all oceans (Miyake et al., 2010; Fonteneau et al., 2013) and, 

by the end of the 1990s, dFADs had already become an important mean of catching skipjack, and 

juveniles of yellowfin and bigeye tuna by purse seiners (Fonteneau et al., 2000). These changes have 

also lead to growing concerns of scientists for tuna stocks, non-targeted species and ecosystems (e.g. 

Hallier et al., 1992; Ariz et al., 1999; Fonteneau et al., 2000), soon followed by concerns expressed by 

fishers representatives (e.g. Riva, 2014) and NGOs (e.g. Baske et al., 2012). In the Indian Ocean, despite 

these concerns, FOB fishing kept on developing during the 2000s and the 2010s with increasing 

numbers of dFADs being used at sea (Maufroy et al., 2017b), until the first self-imposed dFAD 

management measures were implemented (e.g. for the French and associated PS fleets : ORTHONGEL, 

2011a, 2011b), followed by the adoption of the first mandatory limitation of FOB operational buoys in 

2015 by the Indian Ocean Tuna Commission (IOTC Resolution 15/08).  

 

Though dFAD use has been limited for seven years in the IOTC area of competence and various other 

dFAD management options have been implemented since 2013 (IOTC, 2013, 2015), the impacts of 

using too many dFADs remains a major concern for many stakeholders who advocate for stronger and 

additional management dFAD management measures in the Indian Ocean (Kenya, 2021). 

 

Here, in order to inform management decision making we (i) provide an overview of dFAD impacts and 

how they are currently managed in IOTC (ii) question the efficiency of current dFAD management in 

IOTC and (iv) provide guidelines and recommendations to ensure that dFAD management measures 

are applicable and fully effective in the Indian Ocean. 
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1. What are the dFAD management priorities in IOTC ? 
 
Relying too heavily on dFADs may impact target tropical tunas through alteration of their natural 

behaviour (Hallier and Gaertner, 2008; Sempo et al., 2013), contribute to growth overfishing through 

excess fishing mortality of yellowfin and bigeye tunas (Dagorn et al., 2013), increase levels of non-

target catch (Amandè et al., 2008, 2010; Hall and Román, 2013), contribute to ghost fishing of sharks 

and sea turtles when meshing elements are used for the construction of dFADs (Franco et al., 2012; 

Filmalter et al., 2013) and contribute to marine litter and deterioration of fragile habitats when dFADs 

are lost outside fishing grounds (Balderson and Martin, 2015; Maufroy et al., 2015; Escalle et al., 2021; 

Imzilen et al., 2021). 

 

 

 
 

Figure 1 : main consequences of relying too heavily on dFAD use / FOB fishing (ORTHONGEL, 2021). 

Warning signs indicate the categories of impacts for which mitigation solutions are still under 

development or for which improved management options may be required. 

 

Based on Conservation and Management Measures (CMMs) already adopted by IOTC, issues 

encountered by purse seine fleets to meet management targets within a short time frame and stock 

status of tropical tunas in the Indian Ocean, the following dFAD impacts could be considered as higher 

management priority : 

 

(i) excess juvenile tuna catch (growth overfishing), in a context of overfishing of yellowfin tuna (YFT) 

(ii) contribution of dFADs to marine litter and degradation of fragile habitats 

(iii) contribution of dFADs to the mortality of Endangered, Threatened and Protected (ETP) species 

 

 

2. What management options could be used to mitigate the impacts of dFADs ? 
 
There is no such thing as a perfect management solution. In general, to manage dFADs and their 
impacts it is better to combine several solutions and to choose those that cover the full dFAD lifecycle, 
address more types of negative impacts and do not have unwanted consequences on fish stocks and 
ecosystems. Table 1 provides a review of the potential benefits of various dFAD management options 
based on these criteria. 
 
Additional considerations, such as the enforceability of the proposed measure / combination of 

measures are discussed as well in this section. Potential socio-economic consequences are not 

addressed here but should be taken into account, including the consequences for PS fleets using 

dFADs, but also those for downstream operators in coastal countries and Small Island Developing 

States (SIDs). 
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Criteria 1: dFAD management should cover the full dFAD lifecycle 
 
Ideally, a single management measure should be active for the whole time a dFAD is present at sea. 

Any measure that covers unwanted impacts of the construction of dFAD or the number of dFADs at 

sea is a good candidate to meet criteria 1. 

 

This includes : limiting the number of operational FOB buoys, limiting the deployment of dFADs, using 

non-entangling FADs (NEFADs), using biodegradable FADs (bioFADs). 

 
 
Criteria 2: dFAD management should cover as many dFAD impacts as possible 
 

Ideally, a single management measure should address as many impacts of dFADs as possible at once. 

All the management options that can decrease the number of dFADs present at sea at a given moment 

may be good candidates to meet criteria 2 (table 1). 

 

This includes : limiting the number of operational FOB buoys or limiting the deployment of dFADs. 

Additional measures such as a limitation of FOB buoy purchase and limiting the number of support 

vessels may be considered, but they are probably not necessary if one of the previous dFAD 

management options is correctly implemented and monitored. 

 

 

Criteria 3: dFAD management should not have unwanted consequences 

 
Fishers may change their behaviour as a response to a dFAD management measure, which may render 

the management measure less efficient or induce other unwanted impacts of dFADs.  

 

For example : limiting the number of operational buoys reduces the number of dFADs at sea and is 

therefore likely addressing most dFAD impacts. However, FOB tracking buoys may be deactivated 

earlier, to comply with existing limits and decrease communication costs (Imzilen et al., submitted). 

More generally, limiting the number of dFADs deployed or present at sea without setting the rules for 

their recovery is unlikely to efficiently fully prevent marine litter and stranding. 

 

 

Criteria 4: dFAD management should be enforceable 

 
Ideally, a given management measure should be enforced using information collected independently 

from fishers or fishers declarations that can easily be cross-verified. 

 

For example : it is necessary to make sure that all operational buoys are reported, and in particular to 

ensure that purse seiners do not use cycles of activation/deactivation or other means to report less 

operational buoys than those actually at sea. Two verification mechanisms have been proposed : the 

verification that buoy are only activated onboard (Maufroy and Goujon, 2019; adopted in IOTC Res 

17/08) and the verification that buoys are reactivated only after they have been brought back to port 

(Santiago et al., 2017; adopted in IOTC Res 19/02). The cross-validation of buoy/vessel positions  is 

likely more efficient than the cross-validation of self-declared buoys on stock and at port inspections.
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Table 1: review of the potential benefits of a range of dFAD management options (ORTHONGEL, 2021) 
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3. Do we need additional dFAD management in IOTC ? 

 

FOB CMMs have progressively been implemented in IOTC (table 2). The measures that have been 

adopted aim at collecting data on FOB use at the scale of IOTC, reducing the number of dFADs present 

at sea, mitigating the impacts of dFAD design on ETP species and fragile coastal habitats and reducing 

the contribution of dFADs to marine litter (IOTC Resolution 19/02).  

 
Table 2: dFAD management measures adopted in IOTC 

Management measure Adoption  Current reporting 

CPCs FAD management plans Res 12/08 Yearly CPCs FAD management plans 

FOB use reporting Res 13/08 3-FA form 

NEFADs Res 13/08 FOB logbook + scientific observers 

Biodegradable FADs Res 13/08 FOB logbook + scientific observers 

Limits of FOB operational buoys Res 15/08 3-BU form + buoys in stock 

Limits of FOB buoy purchase Res 15/08 FOB buoy purchase bills 

dFAD marking Res 15/08 FOB logbook + scientific observers 

Limits of support vessels Res 17/01 3-SU form 

Derelict dFAD recovery Res 19/02 FOB logbook + FAD management plans 

 
Over time, each of the adopted dFAD management options has been refined, with the implementation 

of reporting forms (3-FA, 3-BU and 3-SU forms : https://www.iotc.org/data/requested-statistics-and-

submission-forms) and the implementation of verification mechanisms (e.g. activation of buoys 

onboard and reactivation of buoys only after they have been brought back to port, IOTC Resolution 

19/02). 

 

In 2021 however, despite the large range of measures already in place in IOTC, additional measures 

are being requested by various stakeholders of the fishery (e.g. Kenya, 2021). Table 3 reviews the 

current dFAD management measures already implemented in IOTC and provides a qualitative 

assessment of their efficacy. The following observations can be made : 

 

(i) Though some stakeholders remain concerned that dFADs built with meshing elements are used 

in the Indian Ocean, most PS fleets are using NEFADs since the mid 2010’s (e.g. ORTHONGEL, 

2011). Fishers report this use in their FOB logbook and these information are cross-validated 

with observer data. 

 

(ii) Various solutions for bioFADs and dFAD recovery are currently being developed. This includes 

the identification of biodegradable materials (Franco et al., 2012; Goujon, 2015; Zudaire et al., 

2019), the development of innovative FAD designs (Moreno et al., 2021), the assessment of land 

based solutions for the recovery of dFADs (FAD Watch program : Zudaire et al., 2018), the 

provision of detailed FOB trajectory data to CPC national scientists to identify other dFAD 

recovery mechanisms to be tested (Imzilen et al., 2021, Imzilen et al. submitted). 

 

(iii) Following the implementation of YFT catch limits in IOTC, an increased contribution of FOB 

fishing sets has been observed for some PS fleets, as a mean to avoid exhausting national YFT 

quotas too early in the year (Floch et al., 2020). Science-based additional management solutions 

may be needed to avoid an undesired increase in tuna juvenile and non-target species catches. 

https://www.iotc.org/data/requested-statistics-and-submission-forms
https://www.iotc.org/data/requested-statistics-and-submission-forms
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Table 3: review of the potential benefits of IOTC measures on dFADs  

 
 
 

NB : the efficacy of current IOTC dFAD management CMMs are only reviewed qualitatively. Aggregated data reported to IOTC or detailed data available to CPC national 

scientists could be used to provide a quantitative assessment.  
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4. What should be the future steps to efficiently mitigate dFADs impacts in IOTC ? 
4.1 Make sure to use the right vocabulary 
 
The question of the appropriate vocabulary to be used to describe FOB fisheries has long been 

discussed in t-RFMOs. Considerable work has been done to clarify the notion of “FAD”, their modalities 

of use and the options for FAD management (Fonteneau and Chassot, 2014; Goujon et al., 2014; 

Gaertner et al., 2016; Grande et al., 2019). Among others, EU scientists and PS fleets have worked 

conjointly on definitions and data collection procedures that would allow evaluating separately the 

effects of FOB fishing in terms of fishing effort, habitat modification and pollution (Gaertner et al., 

2016; Grande et al., 2019). The adoption of these definitions is critical to ensure that stakeholders 

speak the same language when discussing dFAD management options in IOTC but also to ensure that 

questions addressed by the Commission to the Scientific Committee can be answered by scientists. 

 

 
4.2 Quantitatively assess the efficacy of dFAD current management measures 
 
Various stakeholders are currently advocating that additional dFAD management measures are 

necessary in the Indian Ocean. Some of the proposed approaches are based on observations that were 

made a few years ago, that may not reflect the dFAD situation anymore. This includes concerns 

regarding entanglement of ETP species in the structure of dFADs (e.g. Ndegwa, 2021), doubts that all 

operational FOB buoys are reported (e.g. Ndegwa, 2021) and concerns that virtually no FOB data is 

available in IOTC (e.g. IPNLF, 2021)  

 

Instead of accumulating dFAD management options, that may not have the desired effects or would 

unnecessarily put a strong burden on PS fleets, a full quantitative assessment of the efficacy of current 

IOTC dFAD management measures should be conducted. For some dFAD impacts however, recently 

published scientific dFAD literature or operational information provided by PS fleets could already 

provide guidance to fine tune existing dFAD management (see 4.3 and 4.4).  

 
 
4.3 Consider the removal of redundant measures to limit the number of dFADs at sea 
 
At first, the number of dFADs present at sea was limited through a single management measure : the 

limitation of operational FOB buoys (IOTC, 2015). Along the years, acknowledging that the verification 

of compliance with this measure was probably more difficult than initially thought, due to a risk of 

underreporting of buoys (Maufroy and Goujon, 2019b), a range of additional measures have been 

implemented. Not all these measures may actually be necessary to reduce the number of dFADs 

present at sea at a given moment.  

 

Table 4 reviews potentially redundant measures and verification mechanisms. This review suggests 

that a properly monitored limitation of operational buoys, allowing the verification that there is no 

“ghost dFAD” in the Indian Ocean may be sufficient. Maufroy and Goujon (2019a) and ORTHONGEL 

(2021) propose a methodology based on the cross-verification of FOB buoy, purse seiner and support 

vessel trajectories. The methodology would require an update of the current IOTC 3-BU form to ensure 

that all vessels receiving information from a given FOB buoy declare its use. The verification would be 

carried out by CPCs who would report the results to the IOTC Compliance Committee. 
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Table 4: options to grant compliance with operational FOB buoy limits 

Verification mechanisms Comment 

Limits of FOB buoy purchase Unnecessary if a mechanism if in place to ensure that there is 
no ghost buoy in the Indian Ocean. Limits of support vessels 

Onboard buoy activation These verifications 
are redundant. 

Can be verified remotely. 

After port buoy reactivation Requires physical control in port. 

Daily FOB buoy positions Necessary to verify declared FOB buoy numbers. 

 
 
4.4 Avoid unwanted consequences of IOTC management measures 
 
One potential unwanted consequence of buoy limits is that buoys of FOBs drifting too far from fishing 

grounds are deactivated earlier, so as to avoid exceeding limits for FOBs that cannot be used for fishing 

(Imzilen et al., submitted). A potential solution for this would be to declare “buoys to be recovered”. 

Buoys would then be counted as “to be recovered” instead of operational and the position of derelict 

dFADs would still be available for recovery purposes. 

 
Non-FOB management measures may also have a consequence on FOB use and impacts. This was the 

case for example with the implementation of yellowfin tuna (YFT) catch limits (IOTC Resolution 16/01). 

Indeed, targeting FOB instead of free swimming (FSC) tuna schools can be used a as mean to avoid 

exhausting YFT quotas too early in the year. An increased contribution of FOB fishing sets to PS catches 

has therefore been observed since 2017, though variations in the proportion of FOB fishing sets have 

been observed between years (Floch et al., 2020).  Since an increase in FOB catches may lead to 

increased catches of juvenile tuna and ETP species, additional management options may be required 

if this trend is confirmed. 

 

YFT and BET juveniles : since implementing management measures without clear management 

objectives is unlikely to achieve the desired goals, defining such management objectives is critical to 

ensure that the risk of growth overfishing is addressed. This could be done, for example, by testing the 

effect a range of natural and fishing mortality assumptions for juveniles on the Maximum Sustainable 

Yield of YFT and BET. This would provide guidance to managers to anticipate the potential effects of a 

range of catches of juveniles of YFT and BET and could serve as a basis to set clear objectives to reduce 

FOB-associated catches of juveniles, if needed. Once such objectives have been set, the best 

combination of management tools would be more efficiently discussed (e.g. spatio-temporal 

management to reduce fishing in hotspots of juveniles). 

 

In order to carry out this work properly, data on catches of juveniles reported to IOTC should obviously 

be of the best quality possible for all fleets. Potential tools to grant data quality would be to consider 

increased observer coverage to collect the data at sea or extending the current tuna discard ban (IOTC, 

Resolution 19/05) to all fleets, so that catch composition can accurately been assessed in port. 

 

 

ETP species :  of course, when it comes to ETP species, the approach should be different and does not 

require additional definition of management objectives, since the objective is to reduce ETP species 

incidental catches and mortality as much as possible. Potential mitigation tools include real-time 
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monitoring of hotspots of ETP species, avoiding setting on small schools of tunas (Dagorn et al., 2012) 

and releasing individuals of ETP species using Best Practices (Poisson et al., 2012). 

 
 
4.5 Set gradual and realistic dFAD management time frames 
 
A decade of tests has not allowed PS fleets to identify the perfect solution to mitigate the contribution 

of dFADs to marine litter and degradation of coastal habitats. Yet, this does not mean that no progress 

has been made, since feedback from past and current tests may be used to adopt a gradual and realistic 

mitigation of derelict dFAD impacts in IOTC. 

 

Biodegradable dFADs : the EU funded BIOFAD (Zudaire et al., 2019) has allowed identifying two 

potential options for the transition to bioFADs : (i) start replacing some components of current dFAD 

designs, using for example cotton ropes for the tail of dFADs, and continue research and development 

to replace plastic elements and (ii) change the design of dFADs using more compact and robust 

solutions (Moreno et al., 2021)  

 

dFAD recovery programs : land-based recovery of dFADs  is currently being tested in Seychelles 

through the FAD Watch project (Zudaire et al., 2018). Since 2018, the project has evolved to include 

most large purse seiners of the Indian Ocean. A solution to intercept dFADs before they beach will 

soon be tested and its efficacy will be assessed. In complement, detailed FOB trajectory data provided 

to scientists has allowed to propose ocean-based recovery solutions (Imzilen et al., 2021) that could 

be tested in real fishing conditions to fully assess their efficacy. 

 

These elements could serve as a basis to set realistic and gradual time frames for bioFADs and dFAD 

recovery programs. A similar approach should ideally been taken with all management measures. It is 

for course more likely that a given management measure is efficient and complied with if fishers have 

the time to adjust their practices to new management objectives, as it was for example the case with 

NEFADs (tests started during the early 2010’s and full NEFADs are mandatory since 2019). It is also 

critical that management measures are adopted with a clear time frame (e.g. several consecutive 

years), so that PS fleets can redirect their investments according to management objectives. 

 

 

4.6 Manage all fleets equitably 
 
Of course, the race to dFADs that occurred in the Indian Ocean until they were limited in 2015 (IOTC, 

2015; Maufroy et al., 2017b; Chassot et al., 2019) has had consequences for tropical tunas, non-target 

species and ecosystems. One can easily understand that this contributed to a distrust that dFAD 

fisheries can be sustainable and to a perception that dFAD fisheries should be the main focus of 

management discussions in IOTC. Nevertheless, recently published scientific literature suggest that 

anchored FAD management should be addressed as well, since unmanaged aFADs may be proliferating 

(Widyatmoko et al., 2021). In addition,  gear-specific dedicated IOTC management working groups may 

be necessary, so that known issues of each gear are equitably addressed in the Indian Ocean.



IOTC-2021-WGFAD02-13 

12 
 

Acknowledgements 
 
We would like to thank scientists of the Institute of Research for sustainable Development (IRD), 
especially Daniel Gaertner, for their useful comments and advice on this document. We also thank our 
member fishing companies SAPMER (Laurent Pinault) and CFTO (Sarah Le Couls) for their careful 
rereading of the documents prepared for the 2nd IOTC ad hoc working group on FADs. More generally, 
we thank all people who have shared their views with us and contributed to our own understanding 
of dFADs. 
 
References 
 
Amandè, J., Ariz, J., Chassot, E., Chavance, P., Delgado, M. A., Gaertner, D., Murua, H., et al. 2008. By-

catch and discards of the European purse seine tuna fishery in the Indian Ocean. Estimation 
and characteristics for the 2003-2007 period. IOTC-2008-WPEB. 

Amandè, M. J., Ariz, J., Chassot, E., de Molina, A. D., Gaertner, D., Murua, H., Pianet, R., et al. 2010. 
Bycatch of the European purse seine tuna fishery in the Atlantic Ocean for the 2003–2007 
period. Aquatic Living Resources, 23: 353–362. 

Ariz, J., Delgado de Molina, A., Fonteneau, A., Gonzales Costas, F., and Pallarés, P. 1999. Logs and 
tunas in the eastern tropical Atlantic: a review of present knowledge and uncertainties. 
Special Report. Inter-American Tropical Tuna Commission, 11. 

Balderson, S., and Martin, L. E. C. 2015. Environmental impacts  and causation  of ‘beached’ Drifting 
Fish  Aggregating Devices around Seychelles Islands: a preliminary report  on data collected 
by Island Conservation Society. IOTC WPEB. 

Bard, F.-X., Stretta, J.-M., and Slepoukha, M. 1985. Les épaves artificielles comme auxiliaires de la 
pêche thonière en océan Atlantique : quel avenir ? Pêche Maritime: 655–659. 

Baske, A., Gibbon, J., Benn, J., and Nickson, A. 2012. Estimating the Use of of Drifting Fish 
Aggregation Devices Around the Globe - Pew Environment Group. 

Castro, J., Santiago, J., and Santana-Ortega, A. 2002. A general theory on fish aggregation to floating 
objects: An alternative   to the meeting point hypothesis. Reviews in Fish Biology and 
Fisheries, 11: 255–277. 

Chassot, E., Santiago, J., and Lucas, V. 2019. Major reduction in the number of FADs used in the 
Seychelles purse seine fishery following IOTC limitations. IOTC-2019-WPDCS15-21_Rev1. 

Dagorn, L., Filmalter, J., Forget, F., Amandè, M., Hall, M., Williams, P., Murua, H., et al. 2012. 
Targeting bigger schools can reduce ecosystem impacts of fisheries. Canadian Journal of 
Fisheries and Aquatic Sciences, 69: 1463–1467. 

Dagorn, L., Holland, K. N., Restrepo, V., and Moreno, G. 2013. Is it good or bad to fish with FADs? 
What are the real impacts of the use of drifting FADs on pelagic marine ecosystems? Fish and 
Fisheries, 14: 391–415. 

Escalle, L., Hare, S. R., Vidal, T., Brownjohn, M., Hamer, P., and Pilling, G. 2021. Quantifying drifting 
Fish Aggregating Device use by the world’s largest tuna fishery. ICES Journal of Marine 
Science. https://doi.org/10.1093/icesjms/fsab116 (Accessed 23 September 2021). 

Filmalter, J. D., Capello, M., Deneubourg, J.-L., Cowley, P. D., and Dagorn, L. 2013. Looking behind the 
curtain: quantifying massive shark mortality in fish aggregating devices. Frontiers in Ecology 
and the Environment, 11: 291–296. 

Floch, L., Depetris, M., Duparc, A., Marsac, F., Pernark, M., and Bach, P. 2020. Statistics of the French 
purse seine fleet targeting tropical tuna in the Indian Ocean (1981-2019). IOTC-2020-
WPDCS16-14. 

Fonteneau, A., Pallares, P., and Pianet, R. 2000. A worldwide review of purse seine fisheries on FADs. 
Fonteneau, A., Chassot, E., and Bodin, N. 2013. Global spatio-temporal patterns in tropical tuna purse 

seine fisheries on drifting fish aggregating devices (DFADs): Taking a historical perspective to 
inform current challenges. Aquatic Living Resources, 26: 37–48. 



IOTC-2021-WGFAD02-13 

13 
 

Fonteneau, A., and Chassot, E. 2014. Managing tropical tuna purse seine fisheries through limiting 
the number of drifting Fish Aggregating Devices in the Indian Ocean: food for thought. IOTC-
2014-WPTT16-22. 

Franco, J., Moreno, G., López, J., and Sancristobal, I. 2012. TESTING NEW DESIGNS OF DRIFTING FISH 
AGGREGATING DEVICE (DFAD) IN THE EASTERN ATLANTIC TO REDUCE TURTLE AND SHARK 
MORTALITY. Collect. Vol. Sci. Pap. ICCAT, 68: 1754–1762. 

Fréon, P., and Dagorn, L. 2000. Review of fish associative behaviour: Toward a generalisation of the 
meeting point hypothesis. Reviews in Fish Biology and Fisheries, 10: 183–207. 

Gaertner, D., Ariz, J., Bez, N., Clermidy, S., Moreno, G., Murua, H., and Soto, M. 2016. Objectives and 
first results of the CECOFAD project. 

Gershman, D., Nickson, A., and O’Toole, M. 2015. Estimating the use of FAD around the world, an 
updated analysis of the number of fish aggregating devices deployed in the ocean. Pew 
environment group. 

Goujon, M., Claude, A., Le Couls, S., and Mangalo, C. 2014. Premier bilan du plan de gestion des DCP 
mis en place par la France en Océan Atlantique. Collect. Vol. Sci. Pap. ICCAT, 71(1). 

Goujon, M. 2015. Mesures prises par ORTHONGEL pour réduire l’incidence des thoniers senneurs sur 
les tortues marines. 

Grande, M., Ruiz, J., Báez, J. C., Ramos, M. L., Krug, I., Zudaire, I., Santiago, J., et al. 2019. Best 
standards for data collection and reporting requirements on FOBs: towards a science-based 
FOB fishery management | Bycatch Management Information System (BMIS). 
https://www.iccat.int/en/pubs_CVSP.html. https://www.bmis-
bycatch.org/references/bdxgf688 (Accessed 23 September 2021). 

Hall, M. 1992. The association of tunas with floating objects and dolphins. In The association of tunas 
with floating objects and dolphins, p. 6pp. La Jolla, California. 

Hall, M., and Román, M. 2013. Bycatches and non-tuna catches in purse seine fisheries of the world. 
Hallier, J., and Gaertner, D. 2008. Drifting fish aggregation devices could act as an ecological trap for 

tropical tuna species. Marine Ecology Progress Series, 353: 255–264. 
Hallier, J.-P., Parajua, J. I., and International Workshop on Fishing for Tunas Associated with Floating 

Objects, La Jolla (USA), 1992/02/11-14. 1992. Review of tuna fisheries on floating objects in 
the Indian Ocean. In Fishing for tunas associated with floating objects. IATTC, La Jolla. 

Imzilen, T., Lett, C., Chassot, E., and Kaplan, D. M. 2021. Spatial management can significantly reduce 
dFAD beachings in Indian and Atlantic Ocean tropical tuna purse seine fisheries. Biological 
Conservation, 254: 108939. 

Imzilen, T., Lett, C., Chassot, E., Maufroy, A., Goujon, M., and Kaplan, D. M. submitted. Preventing the 
loss of derelict drifting fish aggregating devices through recovery at sea. 

IOTC. 2013. Resolution 13/08 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. 
https://iotc.org/cmm/resolution-1308-procedures-fish-aggregating-devices-fads-
management-plan-including-more-detailed (Accessed 23 September 2021). 

IOTC. 2015. Resolution 15/08 Procedures on a FADs management plan, including a limitation on the 
number of FADs, more detailed specs of catch reporting from FAD sets, & the development 
of improved FAD designs to reduce incidence of entanglement of non-target species. 

IOTC. 2019a. Resolution 19/02 Procedures on a Fish Aggregating Devices (FADs) Management Plan.  
IOTC. 2019b. Resolution 19/05 on a ban of discards of bigeye tuna, skipjack tuna, yellowfin tuna and 

non-targeted species caught by purse seine vessels in the IOTC area of convention. 
IPNLF. 2021. A polluter pays principle for drifting FADs - how it could be applied. IOTC-2021-

WGFAD02-08. 
Kenya. 2021. On management of fish aggregating devices in the IOTC area of competence  cf Res19-

02. 



IOTC-2021-WGFAD02-13 

14 
 

Lopez, J., Moreno, G., Sancristobal, I., and Murua, J. 2014. Evolution and current state of the 
technology of echo-sounder buoys used by Spanish tropical tuna purse seiners in the 
Atlantic, Indian and Pacific Oceans. Fisheries Research, 155: 127–137. 

Maufroy, A., Chassot, E., Joo, R., and Kaplan, D. M. 2015. Large-Scale Examination of Spatio-Temporal 
Patterns of Drifting Fish Aggregating Devices (dFADs) from Tropical Tuna Fisheries of the 
Indian and Atlantic Oceans. PLoS ONE, 10: e0128023. 

Maufroy, A., Kaplan, D. M., Bez, N., and Chassot, E. 2017a. dFADs used by EU tropical tuna purse 
seiners in the Atlantic and Indian Oceans: increasing use, contribution to fishing efficiency 
and potential management. j-FAD_17/2017. Joint t-RFMO FAD Working Group meeting. 

Maufroy, A., Kaplan, D. M., Bez, N., Molina, D., Delgado, A., Murua, H., Floch, L., et al. 2017b. Massive 
increase in the use of drifting Fish Aggregating Devices (dFADs) by tropical tuna purse seine 
fisheries in the Atlantic and Indian oceans. ICES Journal of Marine Science, 74: 215–225. 

Maufroy, A., and Goujon, M. 2019a. Methodology for the monitoring of FOB and buoy use by French 
and Itlian tropical tuna purse seiners in the Indian Ocean. IOTC-2019-WPTT21-53. 

Maufroy, A., and Goujon, M. 2019b. Options for a better monitoring and control of operational 
buoys. Joint t-RFMO FAD Working Group meeting, J-T-RFMO FAD WG 2019_Maufroy_S:06. 

Miyake, M., Guillotreau, P., Sun, C.-H., and Ishimura, G. 2010. Recent developments in the tuna 
industry: stocks, fisheries, management, processing, trade and markets. FAO Fisheries and 
Aquaculture Technical Paper, No.543. FAO, Rome. 
http://www.fao.org/docrep/013/i1705e/i1705e.pdf. 

Moreno, G., Salvador, J., Murua, H., Uranga, J., Zudaire, I., Murua, J., Grande, M., et al. 2021. The 
jelly-FAD: a paradigm shift in bio-FAD design. IOTC-2021-WGFAD02-10. 

Ndegwa, S. 2021. Comparing different drifting FAD management options. IOTC-2021-WGFAD02-05. 
ORTHONGEL. 2011a. Décision n°11 du 23 novembre 2011 relative à l’utilisation de dispositifs de 

concentration de poissons. 
ORTHONGEL. 2011b. Décision ORTHONGEL n°10 du 23 Novembre 2011 relative à l’encadrement de la 

pêche sur DCP. 
ORTHONGEL. 2021. What we think you should know about Fish Aggregating Devices. IOTC-2021-

WGFAD02-04. 
Poisson, F., Vernet, A.-L., Séret, B., and Dagorn, L. 2012. Good practices to reduce the mortality of 

sharks and rays caught  incidentally  by the  tropical  tuna  purse  seiners. 30 pp. 
Riva, Y. 2014. Gérer les DCP : le temps d’agir ! Abidjan, September 25-26. 
Santiago, J., Murua, H., Lopez, J., and Krug, I. 2017. Monitoring the number of active FADs used by 

the Spanish and associated purse seine fleet in the IOTC and ICCAT Convention areas. 
Sempo, G., Dagorn, L., Robert, M., and Deneubourg, J.-L. 2013. Impact of increasing deployment of 

artificial floating objects on the spatial distribution of social fish species. Journal of Applied 
Ecology, 50: 1081–1092. 

Stretta, J.-M., and Slepoukha, M. 1986. Analyse des températures de surface au sein des 
concentrations de listaos en 1981. In Proceeding of the ICCAT conference on the 
international skipjack year program. Ed. by P. E. K. Symons, P. M. Miyake, G. T. Sakagawa, 
and ICCAT Conference on the International Skipjack Year Program, Ténérife (ESP), 
1983/06/21-29. ICCAT, Madrid. http://www.documentation.ird.fr/hor/fdi:24001 (Accessed 6 
November 2014). 

Tidd, A. N., Reid, C., Pilling, G. M., and Harley, S. J. 2016. Estimating productivity, technical and 
efficiency changes in the Western Pacific purse-seine fleets. ICES Journal of Marine Science, 
73: 1226–1234. 

Wain, G., Guéry, L., Kaplan, D. M., and Gaertner, D. 2021. Quantifying the increase in fishing 
efficiency due to the use of drifting FADs equipped with echosounders in tropical tuna purse 
seine fisheries. ICES Journal of Marine Science, 78: 235–245. 

Widyatmoko, A. C., Hardesty, B. D., and Wilcox, C. 2021. Detecting anchored fish aggregating devices 
(AFADs) and estimating use patterns from vessel tracking data in small-scale fisheries. 
Scientific Reports, 11: 17909. 



IOTC-2021-WGFAD02-13 

15 
 

Zudaire, I., Santiago, J., Grande, M., Murua, H., Adam, P.-A., Nogués, J., Collier, T., et al. 2018. FAD 
Watch: a collaborative initiative to minimize the impact of FADs in coastal ecosystems. 

Zudaire, I., Travassos Tolotti, M., Murua, J., Capello, M., Andrés, M., Cabezas, O., Krug, I., et al. 2019. 
Results of BIOFAD project: testing designs and identify options to mitigate impacts of drifting 
fish aggregating devices on the ecosystem. 

 
 
 
 


