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Fish Aggregating Devices are efficient fishing gears that must be monitored and managed to achieve the sustainable 
and cost-effective harvest of pelagic marine resources. Over the last 15 years, marine scientists, purse seine (PS) 
skippers, fleet managers, observers, non-Governmental Organizations (NGOs) and RFMOs have dedicated a great 
effort to reduce impacts of FADs on the ecosystem. There are significant wins but also important issues to address 
(see Annex I). In this document, we present some of the lessons learnt. 

When measuring FAD impacts on biodiversity, it is necessary to use the same definition of 'by-catch'. If not, it is 
possible that different concepts are compared leading to confusion (kept, discarded, utilized, undesired target 
species included or not included etc.). In general, the estimates done by observers at sea (the main source of by-
catch data) are considered accurate. But these, as estimates, could always have some error/bias. It is important to 
include the uncertainty associated to the different by-catch estimates, including the degree of coverage. In general 
terms, this uncertainty is reduced with higher observation coverage. Electronic monitoring systems, implemented 
recently in some fleets, could be a good complement/alternative to human observer coverage and should be 
encouraged.  

When reviewing by-catch by set type and ocean region and how this by-catch was conformed by species groups 
(minor tuna species, rays, sharks, billfishes, and other bony fishes), it is shown that PS by-catch for all the species is 
very minor compared to that of some other tuna fishing gears. Although the by-catch ratio1 by PS is relatively low, 
its contribution to the overall by-catch of marine species is not so negligible because total PS catches are high. 

Shark by-catch remains the main priority in terms of mitigating FAD fishing impacts on biodiversity.  Although the 
by-catch rate is low (less than 0.5% by weight), some shark and mobulid species are highly vulnerable or at-risk, and 
the extent of the PS fishery justifies for developing efforts to mitigate this by-catch. Shark entanglement in traditional 
FADs that use open netting, was previously identified as the main threat to silky sharks. All RFMOs have now adopted 
measures to promote the use of non-entangling FADs (without netting) or FADs with lower risk of entanglement 
(small mesh netting or netting tied in bundles). Only FADs constructed without netting can completely eliminate the 
unintentional entanglement of animals. Besides non-entangling FADs, reducing shark mortality in the PS fishery will 
likely entail the use of several actions used in combination (avoiding sets on small tuna aggregations, fishing and 
releasing sharks from the net, safe handling and release from the deck, avoiding hot spots, etc.) (Annex II). Any by-
catch arriving on the deck are usually in bad conditions and solutions should be prioritized for when animals are still 
in the water. However, defining good practices to reduce by-catch is difficult because PS vessels, fishing maneuvers 
and equipment have been designed exclusively to conduct tuna catch operation. By-catch avoidance or release 
maneuvers have rarely been taken into account when designing new vessels. Consequently, most of the current 
solutions to avoid/release by-catch are patches to fit as best as possible the current vessel design and maneuvers, 
which limits the innovation. In the future, the introduction of new devices, space for by-catch handling and 
technology to avoid/release by-catch should be considered when constructing new vessels. 

Yellowfin, bigeye and skipjack are found in mixed aggregations around FADs and they are simultaneously encircled 
by the purse seining operation. One of the key challenges that face PS fleets fishing on FADs in all oceans is to be 
able to target species for which stocks are known to be in healthy condition such as skipjack while reducing their 
impact on bigeye and yellowfin stocks in regions where there is a need to reduce the fishery induced mortality of 

                                                 
1 By-catch rate: by-catch relative to tuna catch 
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these species. To date, many behavioral studies to mitigate small tuna catches have been conducted (e.g. differences 
in residency times, depth distribution, movements in the net, catches modifying FAD structure depths, sorting grids 
etc.) (Annex II) but none have yielded yet a clear solution which would aid to reduce their catches. To date, the most 
promising solution is to use acoustics to better estimate the proportion of skipjack relative to yellowfin and bigeye 
tuna prior to setting.  

The priority to mitigate the impacts of FADs should probably be to reduce the overall number of FADs deployed. In 
the case of FAD structure impact, even if FAD numbers are reduced, they will continue to be lost, so that other 
solutions as the use of biodegradable FADs and FAD recovery systems are necessary, unless FADs trajectories are 
fully controlled (e.g. FAD drones). Data on the position of FADs that are abandoned or lost should be accessible to 
scientists or RFMOs in order (i) to quantify their impacts on coastal environments, (ii) to develop models of risk areas 
and (iii) to measure the efficiency of the initiatives taken to mitigate the loss and abandonment of FADs. Ongoing 
projects that will deploy large numbers of biodegradable FADs at sea (in the AO, IO and EPO) will soon inform about 
the performance of the different biodegradable materials and FAD designs. 

There is a need for more fundamental and applied research to understand the impacts of FADs on the ecology of 
tunas, sharks and other species. Research in large PS vessels is complex due to the expensive nature of cruises in the 
high seas and the mixing of many species of different sizes under FADs. However, there is great potential for using 
FADs and fishing vessels as scientific platforms. A lot of data are already being collected by fleets from FADs, but 
they are not all accessible to scientists. Once these data start becoming accessible to scientists routinely, scientists 
should be ready for Big Data tools and the use of Artificial Intelligence to better understand the tropical pelagic 
ecosystems.  

The sustainability of the PS fishery cannot rely only on technical measures. Even if an efficient  technical solution to 
a problem is found, it needs to be adopted by the fleets. This "uptake" tends to be slow and imperfect and it depends 
on the attitude of fleets, governments and other stakeholders (markets, NGOs, etc.). Involving fishers in the search 
for solutions is essential.  
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ANNEX I 

Summary report of International Workshop on Mitigating Environmental Impacts of Tropical Tuna 
Purse Seine Fisheries 

The following document summarizes some of the conclusions reached in a recent workshop co-sponsored by ISSF 
and the Common Oceans ABNJ Tuna Project (Restrepo et al. 2019). Participants included scientists, NGOs, tuna 
RFMOs, fishing technology manufacturers and PS fishing companies. The workshop reviewed progress made on 
research to mitigate environmental impacts of tropical tuna purse seine (PS) fisheries, with special focus on FADs 
and identified main focus areas for future mitigation activities.  

Impacts of FADs on biodiversity (by-catch) 

• The definitions of 'by-catch' should be clear whenever by-catch estimates are presented. If not, it is possible 
that different concepts are compared leading to confusion (kept, discarded, utilized, undesired target species 
included or not included etc.). For instance, if we look at by-catch rates in the Atlantic Ocean, they are higher 
compared to other oceans due to minor tuna species which are targeted and marketed. 

• In general, the estimates done by observers at sea (the main source of by-catch data) are considered accurate. 
But these, as estimates, could always have some error/bias. It is important to include the uncertainty associated 
to the different by-catch estimates, including the degree of coverage. In general terms, this uncertainty is 
reduced with higher observation coverage. 

• EMS, implemented recently in some fleets, could be a good complement/alternative to human observer 
coverage. By-catch cannot be fully covered by human observers that are measuring tuna catch during fishing 
operation. 

• When reviewing by-catch by set type and ocean region and how this by-catch was conformed by five different 
species groups (minor tuna species, rays, sharks, billfishes, and other bony fishes), it is shown that purse seine 
by-catch for all the species and also species of concern such as sharks and marine mammals is very minor 
compared to that of other tuna fishing gears.  

• Although the by-catch ratio2 by PS is relatively low, its contribution to the overall by-catch of marine species is 
not so negligible because total PS catches are high. 

• Some skippers voluntarily avoid small sets (< 10 tons) to reduce by-catch (as the amount of by-catch at FADs 
remains rather constant regardless the amount of tuna found), but it is difficult for many other skippers, in 
particular in the AO and IO. 

• Shark by-catch is the main conservation issue for purse seine fisheries. The species caught most commonly by 
PS are silky and oceanic whitetips sharks. Whale sharks are rarely caught at FADs. 

• The tropical tuna PS fishery is certainly not the gear that catches most of the silky and oceanic white tip sharks, 
by-catch rate is less than 0.5% by weight. Still, some shark and mobulid species are highly vulnerable or at-risk, 
and the PS fishery should strive to mitigate this by-catch. 

• Shark entanglement in traditional FADs that use open netting, was previously identified as the main threat to 
silky sharks. All RFMOs have now adopted measures to promote the use of non-entangling FADs (NEFAD guide).  

• Animals arriving on the deck are usually in bad conditions and solutions should be prioritized for when sharks 
are still in the water.  

• Besides non-entangling FADs, reducing shark mortality in the purse seine fishery will likely entail the use of 
several actions used in combination (setting on large tuna aggregations, fishing and releasing sharks from the 
net, safe handling and release from the deck, avoiding hot spots, etc.) 

Impacts of FADs on small bigeye and yellowfin tunas 

• Catching juvenile bigeye and yellowfin does not necessarily cause overfishing. Overfishing can occur by catching 
too many small fish, too many large fish, or too many of both. However, catching juveniles does result in loss 
of potential yield (lower MSY). There is a need to find solutions to catch less bigeye and yellowfin tuna specially 
for overfished stocks.  

                                                 
2 By-catch rate: by-catch relative to tuna catch 

https://iss-foundation.org/knowledge-tools/guides-best-practices/non-entangling-fads/
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• Yellowfin, bigeye and skipjack are found in mixed aggregations around FADs and they are simultaneously 
encircled by the purse seining operation. One of the key challenges that face PS fleets fishing on FADs in all 
oceans is to be able to target species for which stocks are known to be in healthy condition such as skipjack 
while reducing their impact on bigeye and yellowfin stocks in regions where there is a need to conserve of 
these species. 

• To date, many behavioral studies to mitigate small tuna catches have been conducted in research cruises (e.g. 
differences in residency times, depth distribution, movements in the net, moving away from FADs, catches 
modifying FAD structure depths, sorting grids etc.) but none have yielded yet a clear solution which would aid 
to reduce their catches. 

• In the near future, research on acoustics can result in technology for fishers to be more selective in targeting 
FADs with higher proportion of skipjack relative to yellowfin and bigeye. Fishers are not able yet to discriminate 
well between species with current acoustic tools, but the technology is gradually improving. There is strong 
industry support (and hope) for improved acoustic technology that can discriminate sizes and species to be 
incorporated both in the acoustic equipment used onboard vessels and, in the echo-sounder buoys used to 
track FADs. 

• The effect of FADs on tuna population, even if tuna are not caught, as the ecological trap hypothesis, is still a 
debate in the scientific community. 

• There is heterogeneity across oceans and within oceans both in terms of FAD performance and the biology and 
ecology of tuna. While much has been learned in recent years regarding tuna physiology and behavior, there 
is much still to be learned before we fully understand how the resource behaves and the impact of FADs on 
those behaviors and these phenomena may be region-specific. 

 Impacts of FAD´s structure on the ecosystem 

• The priority to mitigate impacts should probably be to reduce the overall use of FADs and to enforce existing 

limits. However, even if FAD numbers are reduced, they will continue to be lost, so that other solutions as the 
use of biodegradable FADs and FAD recovery would be necessary.  

• Data on the position of FADs that are abandoned or lost is needed in order to (i) quantify the impact (ii) develop 
better models of risk areas and (iii) measure the efficiency of the initiatives taken to mitigate the loss and 
abandonment of FADs. 

• One of the primary research areas to mitigate these impacts is to develop biodegradable FADs. Currently 
biodegradable FADs3 should be made of only natural fibers/materials that are sustainably harvested, until other 
materials such as synthetic bio-plastics become available and proven to be non-toxic for the marine 
environment. 

• In general, for the three oceans, FAD structure has evolved towards deeper ones mainly to slow down the drift, 
which fishers believe is better to aggregate tuna and also to make the FAD stay within the fishing grounds.  

• FAD structure impact is proportional to its size and mostly produced by the tail (submerged part of the FAD 
structure). Thus, fleets should strive to reduce the size and weight of the FADs they build. 

• Some fleets are testing biodegradable FADs themselves by deploying a limited number of biodegradable FADs. 
It is difficult to learn from those small-scale trials because most of experimental FADs end up lost or 
appropriated by other fleets. It would be good if these initiatives joined forces in some coordinated way that 
would allow tracking the life-time of FADs and catches around those experimental FADs.  

• Ongoing projects that will deploy large numbers of biodegradable and traditional FADs at sea (in the AO, IO 
and EPO) will soon inform about the performance of the different materials and FAD designs (BIOFAD project 
in the IO, EU funded project in EPO and ISSF-ABNJ funded project in the AO) . 

• There is no unique solution to reduce the impacts of FAD structure on ecosystems. Testing of biodegradable 
FADs, and "better FADs" in general, should be accelerated as well as the design of protocols to reduce the 
abandonment and loss of FADs. A combination of solutions adapted to each ocean and region may be 
necessary. 

 

                                                 
3 This definition does not apply to the buoy used to track FADs 
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Conclusion 

During the last 10 years, great progress has been done on documenting with facts what are the main impacts of PS 
fisheries that use FADs. Likewise, a great effort has been devoted to find technical solutions to these issues. But 
these fisheries are complex and there is a lot of variability by ocean, season, and even in vessel-specific strategies. 
There is no solution that fits all circumstances. Therefore, more of the same type of work that has been conducting 
needs to continue into the future, but perhaps with increased regional emphasis.  
By-catch handling is difficult because PS vessels, fishing maneuvers and equipment have been designed exclusively 
to conduct tuna catch operation. By-catch avoidance or release alive has rarely taken into account when designing 
new vessels, which implies that currently, most of the solutions to avoid/release by-catch are patches introduced 
fitting as best as possible the current vessel design and maneuver. In the future, the introduction of new devices, 
space for by-catch handling and technology to avoid/release by-catch should be considered when constructing new 
vessels. 

There is a need for more fundamental and applied research to understand the impacts of FADs on tunas, sharks and 
other species. Research in large PS vessels is complex due to the expensive nature of cruises in the high seas and the 
mixing of many species of different sizes under FADs. However, there is great potential for using FADs and fishing 
vessels as scientific platforms. A lot of data are already being collected by fleets (from FADs or fishing vessels), but 
they are not all accessible to scientists. Once this data starts becoming routine, scientists should be ready for Big 
Data tools and the use of Artificial Intelligence to better understand the tropical pelagic ecosystems.  

The sustainability of the purse seine fishery cannot rely on the availability of technical measures alone. Even if a 
great technical solution to a problem is found, like was the case for shark entanglement on FADs, it needs to be 
implemented by the fleets. This "uptake" tends to be slow and imperfect and it depends on the attitude of fleets, 
governments and other stakeholders (markets, NGOs, etc.). And even if the RFMOs end up adopting a requirement 
for such solutions in a binding fashion, there still needs to be a rigorous and transparent mechanism to ensure 
implementation. At the same time, non-technical aspects such as the fishing capacity and efficiency of the fleets, 
need to be better managed. 

One of the remarkable wins on the work to mitigate FAD impacts is the collaboration among scientist and fishers. 
Skippers are interested in reducing the by-catch generated in their fisheries and with all the at-sea knowledge that 
they accumulate, keeping them involved in the process is key. 
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