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Abstract 

The presence of abandoned, lost or otherwise discarded fishing gears, including drifting fish aggregating devices (dFADs), in marine 
ecosystems poses significant ecological and socioeconomic concerns. The estimation of the number of dFADs in the marine environ- 
ment is challenging due to the loss of tracking information when dFAD tracking buoys are remotely deactivated. For the first time, a 
data set of dFADs buoy positions, including those that had previously been remotely deactivated, has been made available for the 
period July–August 2020. Data from this period provide valuable insights into the life expectancy, spatial distribution, and status of 
deactivated dFAD buoys, enabling a more accurate assessment of dFAD presence and impacts. Deactivated buoys represented a 17.2% 

increase in the total number of tracked objects, and we estimate the in-water half-life of deactivated dFAD tracking buoys to be 1 0 1 days. 
Including deactivated buoys increases the number of strandings during the SP by 23.7%. Nevertheless, the representativity of these 
results is unknown given the limited spatio-temporal and numerical extent of our data, highlighting the importance of availability of 
comprehensive data on dFADs to effectively estimate their total numbers and mitigate their environmental impacts. 

Keywords: distributions; deactivated; dFADs; Indian Ocean; marine litter; floating objects; industrial fishery; skipjack tuna 
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Introduction 

There is considerable concern regarding abandoned, lost or 
otherwise discarded fishing gears (ALDFGs) due to their po- 
tential for negative ecological and socioeconomic impacts 
(Gilman 2015 ). As a result, there are a number of continu- 
ing efforts to estimate their amount and their impacts on var- 
ious marine and coastal ecosystems (Wang et al. 2014 , FAO 

2019a ), as well as to reduce their numbers in aquatic envi- 
ronments (FAO 2019b ). In this regard, the work of Gilman 

et al. (2021) lists the main sources of ALDFG with respect to 

their relative risk score, noting that the third most important is 
drifting fish aggregating devices (hereafter dF ADs). DF ADs are 
typically constructed of bamboo, canvas, or metal rafts, sub- 
surface netting and/or ropes, and plastic floats or balsa wood 

for added flotation (Imzilen et al. 2022 ), and they are deployed 

very extensively by tropical tuna purse seine fisheries, in or- 
der to take advantage of the natural aggregation behavior of 
marine fish species around floating objects (Hallier and Para- 
jua 1992 , Escalle et al. 2021 ). A GPS-tracking buoy/beacon 

is attached to each dF AD , sending with an ∼hourly to daily 
periodicity GPS position information and other buoy data via 
satellite to the buoy manufacturing company, which in turn 

organizes and distributes this information to vessels and/or 
fishing companies tracking the dFAD (Zudaire et al. 2023 ).
These devices are actively used in tropical tuna fisheries glob- 
ally to facilitate catch of object-associated tuna schools and 

have impacts on marine ecosystems (Gaertner et al. 2016 ,
Pons et al. 2023 ), such as high catch of juvenile yellowfin and 
© The Author(s) 2024. Published by Oxford University Press on behalf of Interna
article distributed under the terms of the Creative Commons Attribution License 
reuse, distribution, and reproduction in any medium, provided the original work 
igeye tunas, higher bycatch rates of non-target species com- 
ared to fishing on free-swimming schools (i.e. fish schools 
ot associated with any floating object), potential for habitat 
erturbation or creation of an ecological trap (Marsac et al.
000 , Hallier and Gaertner 2008 , Dupaix et al. 2024 ), and
isk of dFAD stranding on beaches or shallow sensitive ma-
ine environments like sea grasses and coral reefs (Imzilen et
l. 2021 , MacMillan et al. 2022 ). dFAD use has also recently
een the subject of extremely contentious debates at the Indian
cean Tuna Commission (IOTC) due to environmental con- 

erns, growth overfishing issues, and competition for access 
nd harvest of tuna resources among different fishing fleets 
nd gears (Pons et al. 2023 ). 

One major challenge is to estimate the number of dFADs. In
his regard, several studies have estimated the number of de-
loyed (Fonteneau et al. 2015 , Maufroy et al. 2017 , Lennert-
ody et al. 2018 , Escalle et al. 2021 ), lost and abandoned (Es-
alle et al. 2021 , Imzilen et al. 2022 ), and stranded dFADs
Zudaire et al. 2018 , Imzilen et al. 2021 ) worldwide. Although
he estimation methods are varied and use different sources 
f information and statistical approaches, most of them suffer 
rom an important weakness: estimates are incomplete as they 
o not include information on dFAD tracking buoys remotely 
eactivated by fishers. GPS-equipped, satellite-transmitting 
uoys are attached to deployed dFADs, and data provided by
hese buoys allow fishers to track their position and scientists
o quantify their distribution and impacts. These buoys can 

e remotely deactivated by fishers for a number of reasons,
tional Council for the Exploration of the Sea. This is an Open Access 
( https:// creativecommons.org/ licenses/ by/ 4.0/ ), which permits unrestricted 
is properly cited. 
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ncluding (i) when the dFAD is no longer in a fishing zone of
nterest, (ii) when it has been recovered by another fishing ves-
el, (iii) immediately before or after stranding, or (iv) post loca-
ion data loss, e.g. due to sinking of the dFAD or malfunction
f the buoy. Deactivation stops the communication via satel-
ite of position and other information normally transmitted
y tracking buoys to the buoy owners and, indirectly, scien-
ists and others monitoring dFAD distributions. This action of
e-registering the buoy from the satellite system does not stop
he buoy from transmitting data to the satellite network as
ong as the buoy has not been physically switched off, which
an only happen through a direct physical interaction with
he buoy. Due to this information loss, most studies count-
ng numbers of dFADs must acknowledge that the estimates
re minima, potentially biased due to underestimation in cer-
ain spatio-temporal zones and/or only correspond to “active”
FADs. As remote reactivation of tracking buoys is prohibited
y most or all tuna regional fisheries management organiza-
ions (IOTC 2017 , IATTC 2021 ), these deactivated dFADs are
enerally permanently lost from the tracking database. In this
ontext, any information that can be obtained on the num-
er, distribution, and life cycle of deactivated dFADs’ buoys is
xtremely important for understanding the accuracy of dFAD
ounting exercises and fully quantifying a variety of dFAD im-
acts. 
Between 18 July and 7 August 2020, one of the main sup-

liers of dFAD tracking buoys temporarily allowed transmis-
ion of dFAD positions from all their turned-on buoys for the
rench fleet in the Indian Ocean, even those that had been
reviously deactivated. Though the position data of these de-
ctivated buoys were not transmitted to any purse seine ves-
els, they were included in the data provided to scientists. This
pecific time interval is hereafter referred to as the “special pe-
iod” (SP) due to the appearance of (deactivated) buoy track-
ng data not transmitted to any fishing vessels. This data set
rovides a unique, though short-lived and partial, view of the
ife expectancy, spatial distribution, and status of deactivated
FAD buoys, essential information for quantifying the true
otal prevalence of dFADs in the marine environment. 

The aim of the present work is 3-fold: (i) to assess the num-
ers of deactivated buoys within the Indian Ocean between
anuary 2020 and the end of the SP (7 August 2020), (ii) to
nderstand the fate of deactivated dFADs and the reasons for
heir deactivation, and (iii) to estimate in water dFAD life ex-
ectancy after deactivation (i.e. until permanent loss due to
inking or equipment failure). These analyses provide essen-
ial baseline information for correcting estimates of dFAD use,
trandings, and loss statistics for the effects of remote deacti-
ation and point toward the value of wider access to tracking
ata from deactivated dFAD buoys. 

ethods 

vailable data 

FAD tracking data in this paper correspond to tracking
uoys from one of the buoy manufacturers used by the French
ropical tuna purse seine fleet in the Indian Ocean from Jan-
ary to August 2020. Position data for 2019 are not available,
hough 2020 data at times include buoy deactivation dates
rom 2019. 

The tracking buoy attached to the dFADs allows the owner
o perform some actions remotely, such as modulating the
ignal transmission periodicity or deactivating signal trans-
ission, which implies that vessels tracking the dFAD no

onger receive buoy location information. During the SP (18
uly 2020–7 August 2020), dFAD position information in-
luded not only the positions of active buoys, but also those
or which vessels had previously requested the end of trans-
ission of buoy information to them. 
To analyze these deactivated buoy positions, we assembled

hree complementary data sets: 

� Buoy position data for 2020: GPS coordinates (buoy ID,
longitude, latitude, and date–time) for all transmitting
buoys from the buoy manufacturer used by the French
purse seine fleet in the Indian Ocean from 1 January
2020 to 7 August 2020 (end of the SP). Position records
are often spaced at regular intervals (e.g. one position
per hour); however, there are records with irregular in-
tervals that may extend from a few minutes up to a day.
All position records were classified as on board a vessel
or in the water using the classification algorithm detailed
in the supplementary material of Imzilen et al. (2021) . 

� Stranded buoys: A list of stranding events for each buoy
is included in the previous data set. This data set includes
reference information of time and position of the start
and end of every stranding event. The stranding periods
were estimated based on the classification model devel-
oped by Imzilen et al. (2021) , although without includ-
ing a filter that did not consider those buoys lacking (in
water) position data prior to the start of the stranding
period as this filter would remove all deactivated buoys
only observed to be stranded during the SP. 

� SP buoys: A list of the buoys that were previously deac-
tivated, but nevertheless reported position information
during the SP that was not transmitted to any fishing
vessel. This data set includes details regarding the de-
activation event (date–time, position) and its stranding
status before and during the SP. 

ata filtering 

he first set of analyses focused on counting the number of
uoys that were classified as either SP buoys (i.e. buoys that
ogged position information during the SP that was not trans-
itted to any fishing vessel) or stranded buoys (buoys that
ad stranding events either at the time of their deactivation or
t the start of the SP if they were SP buoys). Buoys that were
eactivated before the start of the SP were analyzed, and a dis-
inction was made between buoys that were deactivated “on
oard” a vessel and those that were deactivated remotely (i.e.
hen the buoy was “in the water”). For the survival analyses,
e only considered buoys that were deactivated while in the
ater, did not reactivate after they were deactivated (which
ould indicate an interaction with a fishing vessel), and that
et exactly the theoretical categories proposed and described

n the next section. 

urvival analysis and half-life 

rom the information on buoy deactivations and their reap-
earance or not in the SP, an analysis was carried out to esti-
ate the in water life expectancy of dFADs tracking buoys

fter deactivation, the interest being in understanding how
ong these objects remain in the surface marine environment,
epresenting a risk for stranding and/or other environmental
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Jan 2020 18 Jul 07 Aug

SP

Group B

Group A |

|

Figure 1. Two distinct groups of dFAD buoy timestamp history, each 
representing a scenario emplo y ed in the survival analysis. The X -axis 
denotes the timeline from January 2020 to the end of the SP (7 August), 
while the Y -axis presents a hypothetical example for each group, with 
each small dot representing a GPS recording. For Group A, no records 
w ere observ ed during the SP (e xpressed in red on the figure), implying 
that their disappearance occurred between their deactivation date 
(represented as small and vertical bold lines, “| ”) and the start of the SP. 
In contrast, Group B dFADs ha v e position information not transmitted to 
any fishing vessel during some part or the entirety of the SP. 
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impacts and having the potential to transmit their position in- 
formation for scientific and/or clean-up purposes. The analy- 
sis was carried out using the formalism of a simple Cormack–
Jolly–Seber mark-recapture model (Schwarz 2001 , Kaplan et 
al. 2017 ), where the marking date for each buoy corresponded 

to that of its deactivation and the SP served as the recapture 
period. It was observed that each individual deactivated buoy 
could be categorized into one of the following two groups ( Fig.
1 ): 

� Group A : Those buoys that did not have position infor- 
mation during the SP, so it was assumed that they sank or 
the tracking buoy stopped functioning for some reason 

(e.g. buoy equipment failure or being physically turned 

off by a vessel recovering the buoy) sometime between 

deactivation and the start of the SP. 
� Group B : Those buoys that either (i) have position in- 

formation during the SP, but this data stops before the 
end of the SP period, so it was assumed that they dis- 
appeared at a specific time in the SP and therefore their 
date of “death” is known, or that (ii) kept emitting signal 
(position information) during the entire SP, so it was as- 
sumed that their sinking or stranding occurred after the 
end of the SP. 

Based on these two scenarios, we calculated the mean life 
expectancy of dFADs tracking buoys post deactivation based 

on survival (Group B) or not (Group A) of tracking buoys 
from deactivation to the start of the SP. A table was prepared 

with one row for each day between 1 January 2020 and the 
start of the SP (18 July 2020), and columns containing the 
total number of buoys deactivated on the given day, the pro- 
portion of survivors (i.e. the number of buoys that started pro- 
viding position information again during the SP with respect 
to all that were deactivated on a given day), and the differ- 
ence (in days) between the given day and the start of the SP.
Subsequently, a binomial GLM (Generalized Linear Model) 
was applied considering the proportion of survivors as the re- 
sponse variable, the number of days as the predictor variable,
and the total number of buoys per day as the offset. The y - 
intercept of the model was set to zero, and the link function 

was set to “log” so that the model represents pure exponential 
decay of the number of survivors. 

The concept of half-life refers to the amount of time it takes 
for the probability of an event (such as “death”) to reach 50%.
It is a measure of the median time it takes for a certain event to 
ccur in a population under study, and it is commonly used to
xamine the decay or duration of a certain condition or phe-
omenon. Based on our exponential decay model for deacti- 
ated dFAD tracking buoy survival, we calculated the half-life 
f these objects in the marine environment. 
It is important to note that the term “death” in the context

f this work refers to when a buoy stops emitting GPS signals
y natural forcing, i.e. without human intervention (direct or 
emote) from a deactivation event. Though the survival analy- 
es in this paper assume an absolute relationship between the
death” of a buoy and its associated dF AD , in practice, this
s not entirely true for multiple reasons. First of all, there are
ases where a buoy may be separated from its associated dFAD
y external fishers and subsequently brought ashore, who may
ecide to turn it off manually (if they know how to do it)
r leave it on and bring it ashore so that its owner or some-
ne from the same company can reclaim it and use it again.
lso, fishers from the same fishing company who deployed the
FAD buoy may take it and place it on another dFAD so that
he buoy’s GPS signal can continue to function (emitting) even
hough the original associated dFAD is no longer the same. On
he other hand, there is also the possibility that due to natural
auses a buoy becomes separated from its dF AD . At present,
here is no documented estimate of the amount of the propor-
ion of each of these cases, so for the present work, it has been
ssumed that the buoy-dFAD association is fully maintained,
nd the word “death” refers to the sinking and/or degradation 

f individual buoy-dFADs. 

eactivations and stranding events 

ne objective of our analysis is to understand why buoys are
eactivated and to what extent deactivations are related to 

tranding events preceding or shortly after deactivation, the 
atter potentially biasing estimation of the number of dFAD 

trandings. For this analysis, only buoys classified as stranded 

hether at deactivation or at the first records within the SP,
ere selected. In addition, a comparative analysis of the dis-

ance to the coast between on-board and in water deactivated
uoys was made, for which the variable Distance to Nearest
oastline was obtained from the PacIOOS project (OBPG and 

tumpf 2012 ). To determine the possible motivations for deac-
ivation events and the association between seabed depth and 

tranding periods, an assignment of bathymetry values to each 

uoy position was made using the GEBCO global bathymetry 
ata set (GEBCO Bathymetric Compilation Group 2023 ). 

umerical tools 

ll analyses were performed using R version 4.4.0 (R Core
eam 2024 ) with the dplyr (Wickham et al. 2023 ) and tidyr
Wickham et al. 2024 ) packages for data pre-processing and
orting, the (default) stats package for fitting GLMs, the sur-
ival (Therneau 2024 ) package for fitting survival curves and
gplot2 (Wickham 2016 ) and graphics packages for plotting 
esults. The GIS analyses were carried out using the tools of
he terra (Hijmans 2024 ) and sf (Pebesma and Bivand 2023 )
ackages. 

esults 

rom the beginning of 2020 to the end of the SP, 1717 buoys
ere recorded in our data set. Of these, 387 (22.5%) were in

he deactivated state at the start of the SP and 228 (13.3%)
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Figure 2. Comparison between the number of total buo y s a v ailable (1 71 7) 
and those that were classified as being in the water at the start of the SP 
and immediately before their final deactivation preceding the SP (1218). 
The green polygons and numbers represent those buoys that were 
deactivated at the start of the SP, while for each group, the red ones are 
those that were identified as SP buoys. Note that it is possible for SP 
buo y s to not be in the deactivated state at the start of the SP if they were 
deactivated during the SP. 
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ere identified as SP buoys ( Fig. 2 ). SP buoys represented on
verage a 17.2% increase in the daily number of transmitting
uoys during the SP. 
If we consider only buoys that were classified as being in

he water at the start of the SP and immediately before their
nal deactivation preceding the SP (if any) so as to exclude all
uoys that had signs of interacting with fishing vessels shortly
efore deactivation or during the SP, we have 1218 buoys in
ur data set from the beginning of 2020 to the end of the SP,
f which 98 (8.0%) were deactivated at the start of the SP.
f these, 85 (7.0% of all in water buoys) were identified as

P buoys ( Fig. 2 ), representing an average daily increase of
1.8% in the number of in water transmitting buoys during
he SP. 

Of the 387 buoys that were deactivated between January
020 and the start of the SP, 90 (23.3%) of them were deac-
ivated in water, and 39 (43.3%) of them ended up stranded
the other 51 buoys not appearing during the SP, found drift-
ng during the SP, or found to be onboard a vessel). 

The median distance to the coast of the deactivations that
ccurred on board was 238 km, while the median of the de-
ctivations that occurred in water was only 10.5 km ( Fig.
 ). Within this last group, it was observed that 54.4% of
he deactivations were < 20 km, particularly in the vicinity of
eychelles and its surrounding islands and the east coast of
frica. The distance between the last location of a SP buoy
efore it was deactivated and its initial position within the
P ranged from 0 to 4283 km, with an average distance of
56.1 km. 

ean lifetime 

he half-life of deactivated in water dFAD tracking buoys was
stimated to be 101.3 days ( Fig. 4 ). Overall, the exponential
ecay model is a reasonable representation of the empirical
umulative distribution function of the data, though there are
iscrepancies between the data and the model for survival
imes > 180 days. 

eactivations and stranding events 

nalysis of deactivated buoys for evidence of strandings iden-
ified 78 stranded buoys, although in 4 of them, the periods
f stranding were short, transient, and significantly prior to
eactivation. Out of the remaining buoys (73), the stranding
eriods occurred before or even at the time of their deactiva-
ion in 59 of them. For the remaining 14 cases, stranding was
nly observed post-deactivation during the SP. Therefore, we
ere able to detect 23.7% more stranding cases by including
eactivated SP buoys. Finally, it was observed that 51 (86.4%)
uoys were deactivated less than a month after stranding, sug-
esting that stranding or potential for stranding in the near
uture is a strong motivation for deactivating buoys ( Fig. 5 ). 

iscussion and recommendations 

ur study provides the first tantalizing glimpse into what hap-
ens to dFADs after they are remotely deactivated by fishing
essels, key information for accurately estimating the true to-
al impact of dFADs on marine ecosystems, and identifying
ffective clean-up methods for the ALDFG created by dFADs.
hough our data set is clearly limited both in numbers and

n temporal extent, these data are unique and highlight the
otential value of continuing to record dFAD position infor-
ation after fishing fleets no longer see value in them as in-
icated by remote deactivation. Continued tracking of dFADs
ost-deactivation, even with a considerably reduced temporal
eriodicity (e.g. one position per 1–3 days) would allow not
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only accurately quantifying dFAD life expectancy, loss rates,
and stranding rates and locations, but also would be essen- 
tial to designing effective dFAD recovery programs to reduce 
marine litter. As remote reactivation is generally not permit- 
ted by tuna RFMOs, remote deactivation of in water dFAD 

tracking buoys typically indicates permanent abandonment of 
a dFAD by a fishing vessel (unless the dFAD tracking buoy is 
serendipitously encountered and picked up by another ves- 
sel and returned to port for later redeployment by the own- 
ing vessel). Given this abandonment, there would seem to be 
little privacy concern with making subsequent dFAD track- 
ing information publicly available in real time so that other 
vessels could potentially make use of or recover the dFADs 
and so that coastal communities could organize removal of 
dFADs from the environment (potentially with financial or 
other support from the fishing industry itself, for example via 
a polluter-payer program). Such satellite transmission of po- 
sition information would involve a monetary cost, but costs 
could be reduced via less frequent transmission of position in- 
formation and non-transmission of additional data, such as 
echosounder information, and these costs could be financed 

by a number of different mechanisms, including, but not lim- 
ited to, an industry-paid fee associated with each new dFAD 

deployment. We strongly feel that, in the future, this critical in- 
formation for reducing the impact of dFADs on marine ecosys- 
tems should be made universally available by all fleets and in 

all oceans. 
The SP provides baseline estimates of the percentage of un- 

tracked dFADs in the environment and the length of time 
they could be tracked if position information continued to 

be recorded post-deactivation. Understanding the length of 
time dFAD tracking buoys continue to transmit position in- 
formation after deactivation is essential for developing effec- 
tive dFAD recovery plans and optimizing retrieval efforts, thus 
reducing marine pollution and associated ecological damage 
(Restrepo et al. 2017 ). For example, our half-life estimates 
could be used to identify key time periods for recovering de- 
activated buoys before sinking and to develop management 
procedures that account for the full life-cycle of dFADs. The 
number of buoys transmitting position information increased 
y ∼17.2% during the SP, and we estimate a mean in wa-
er lifetime of deactivated buoys of ∼3 months. This life ex-
ectancy is of the same order of magnitude as previous es-
imates of dFAD trajectory duration prior to deactivation or 
oss. Maufroy et al. (2015) estimated mean in-water trajec- 
ory duration of 47 days with duration ranging from less than
 day to more than 2 years, whereas Zudaire et al. (2023) es-
imate the average lifetime of a dFAD to be between 6 and
2 months (from its deployment in the water until its deac-
ivation). Our post-deactivation life expectancy estimates are 
ithin this overall range, suggesting both their plausibility and 

hat the trackable time post-deactivation represents a non- 
egligible portion of the overall dFAD life expectancy. Given 

he small size of our data set and its particular geographic and
emporal context, it is, however, difficult to assess the extent
o which our life expectancy estimates are representative of 
ther regions, fishing fleets, fishing companies, dFAD designs,
nd buoy manufacturers. There is real potential for impor- 
ant differences across tropical tuna PS fisheries worldwide,
mphasizing the value of making post-deactivation tracking 
nformation universally available. 

Among the 14 cases where there was a deactivation event
efore a stranding was identified during the SP, in 50.0% of
he cases, the buoys were found to be in shallow water ( < 50 m
epth) immediately prior to deactivation. Furthermore, of the 
0 in water deactivations that were neither SP buoys nor as-
ociated with a stranding, 8 were in shallow water. Both these
esults suggest that potential for stranding due to presence in a
hallow-water environment is an important motivation for re- 
ote deactivation. Overall, estimates of the number of strand- 

ngs increased by 23.7% by including buoys deactivated be- 
ore stranding identified in the SP, a non-negligible increase 
n stranding rates that should be taken into account when
ssessing published dFAD stranding rates (e.g. Imzilen et al.
021 ). For future confirmation of this result, in addition to
ost-deactivation tracking information, it would be extremely 
seful to have vessel logbook information regarding motiva- 
ions for remote deactivation of dFADs, information that will
opefully be included in ongoing improvements to recording 
f dFAD operations in vessel logbooks. 
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Overall, our results provide to our knowledge a unique win- 
dow into the life of dFADs after they are no longer actively 
tracked by fishing vessels. It is our hope that this limited data 
set provides incentive to fishers, industry representatives, buoy 
manufacturers, managers, scientists, and politicians to make 
tracking information spanning the full lifetime of dFADs used 

by all fleets and in all oceans widely available for scientific,
management, and conservation purposes. 
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