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Since the mid-1990s, drifting Fish Aggregating Devices (dFADs), artificial floating objects designed to aggregate fish, have become an import-
ant mean by which purse seine fleets catch tropical tunas. Mass deployment of dFADs, as well as the massive use of GPS buoys to track
dFADs and natural floating objects, has raised serious concerns for the state of tropical tuna stocks and ecosystem functioning. Here, we com-
bine tracks from a large proportion of the French GPS buoys from the Indian and Atlantic oceans with data from observers aboard French
and Spanish purse seiners and French logbook data to estimate the total number of dFADs and GPS buoys used within the main fishing
grounds of these two oceans over the period 2007-2013. In the Atlantic Ocean, the total number of dFADs increased from 1175 dFADs active
in January 2007 to 8575 dFADs in August 2013. In the Indian Ocean, this number increased from 2250 dFADs in October 2007 to 10 300
dFADs in September 2013. In both oceans, at least a fourfold increase in the number of dFADs was observed over the 7-year study period.
Though the relative proportion of natural to artificial floating objects varied over space, with some areas such as the Mozambique Channel
and areas adjacent to the mouths of the Niger and Congo rivers being characterized by a relatively high percentage of natural objects, in no
region do dFADs represent <50% of the floating objects and the proportion of natural objects has dropped over time as dFAD deployments
have increased. Globally, this increased dFAD use represents a major change to the pelagic ecosystem that needs to be closely followed in
order to assess its impacts and avoid negative ecosystem consequences.
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Introduction

Tropical tunas skipjack (Katsuwonus pelamis), yellowfin
(Thunnus albacares), and bigeye ( Thunnus obesus) tend to associ-
ate with objects floating at the surface of the ocean (Kingsford,
1993; Fonteneau et al., 2000b; Castro et al., 2002). When tropical

tuna purse seiners (PS) began to operate in the Atlantic and
Indian Oceans in the early 1960s and 1980s, respectively, they
fished on a combination of Free Swimming Schools (FSC) and
schools associated with natural floating objects (hereafter termed
“logs”). At that time, logs, originating from natural sources, such
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as river mouths, constituted the main source of Floating OBjects
(FOBs) (Greenblatt, 1979). They could be either strict natural
floating objects (e.g. wooden debris or marine mammals) or deb-
ris of human activities (e.g. pieces of fishing net) (Hallier and
Parajua, 1999). During the 1990s, fishers began to deploy large
numbers of their own FOBs. These man-made drifting Fish
Aggregating Devices (dFADs) generally consist of a bamboo raft
covered by old pieces of purse seine net. Support vessels were also
introduced into the fishery to assist PS in building, deploying,
and monitoring dFADs, and also in searching for FSC (Ariz et al,
1999; Ramos et al., 2010). Throughout the 2000s, several techno-
logical improvements occurred in the purse seine fishery (Torres-
Irineo et al., 2014), including the use of GPS buoys to more ac-
curately locate dFADs and logs, and the introduction of
echosounder buoys to monitor the amount of biomass aggregated
under FOBs (Lopez et al., 2014).

The development of dFAD-fishing has had several conse-
quences (Dagorn et al., 2013b; Fonteneau et al., 2013). First, this
increased fishing effort and overall capacity of the fishery by (i)
enhancing the aggregation of tropical tunas, including juveniles
of yellowfin and bigeye tuna; (ii) reducing search time dedicated
to locating tuna schools; and (iii) increasing the fraction of sets
with non-zero catch (Ariz et al, 1999). Secondly, dFADs may
have modified the natural habitat of tropical tunas and other spe-
cies. There are concerns that the increased use of dFADs has
modified the dynamics and structure of tuna schools, their feed-
ing ecology and movements (Fonteneau et al., 2000a; Marsac
et al., 2000; Ménard et al., 2000; Hallier and Gaertner, 2008). It
has been hypothesized that dFADs act as an “ecological trap” by
maintaining tunas in suboptimal areas and/or reducing school
size (Marsac et al., 2000; Hallier and Gaertner, 2008; Sempo et al.,
2013), though evidence for such effects remains limited (ISSF,
2014). In addition, FOB fisheries have potential to severely nega-
tively impact coastal and pelagic ecosystems via increased levels
of bycatch and discarding (Amande et al,, 2010, 2012; Hall and
Roman, 2013), ghost fishing of sensitive species (Filmalter et al.,
2013), and potential damage to fragile ecosystems when lost
FOBs end up beaching on coral reefs (Balderson and Martin,
2015; Maufroy et al., 2015).

Though FOB fishing for tropical tunas has existed since at least
the 1990s, it is generally believed that dFAD and GPS buoy use
has significantly increased in recent years with potentially adverse
effects on pelagic habitats (Hallier and Gaertner, 2008). Despite
the recent implementation of dFAD management plans by tuna
RFMOs to collect data on dFADs and GPS buoy use (ICCAT
Recommandation 14/01; IOTC Resolution 13/08), it is still diffi-
cult to evaluate the magnitude and ecological impacts of dFAD
use. In this context of growing concerns for tropical tunas and
pelagic ecosystems, it is necessary to evaluate how many dFADs
are currently drifting at sea and how many dFADs and logs are
equipped with GPS buoys (Fonteneau and Chassot, 2014).

Prior studies have attempted to provide such estimates, but
they were on basis of limited information, did not separate
dFADs from logs, and did not account for spatio-temporal vari-
ability in FOB use (Ménard et al., 2000; Moreno et al., 2007;
Baske et al., 2012). Furthermore, previous descriptions of dFAD
deployment strategies and seasonality in the Indian and Atlantic
Oceans date from the beginning of the 1990s (Hallier and
Parajua, 1999; Ariz et al, 1999). It is therefore necessary to im-
prove our understanding of the use of dFADs and GPS buoy-
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equipped FOBs in order to properly manage their use and miti-
gate their ecosystem and fishery impacts.

Our objectives here are to describe when, where and how
many dFADs are deployed by tropical tuna purse seine fisheries
in the Atlantic and Indian oceans. We use position records from
the period 2007 to 2013 of GPS buoys used by the French PS fleet
on logs and dFADs, in combination with logbook and observer
data, to quantify the number of French GPS buoys, as well as the
portion of the entire FOB “population” that French objects repre-
sent. From this, we extrapolate the total number of GPS-
equipped FOBs by season, fishing area, fleet, and FOB type.

Material and methods

Hereafter, the term “drifting FAD” (dFAD) will be used to de-
scribe any drifting object that has been built and deployed at sea
by fishing vessels to aggregate tropical tuna. The term “log” will
be used in opposition to “dFAD” to designate any floating object
that is not a dFAD (Table 1). Though logs are generally randomly
found by tropical tuna PS, once found, they can be used similarly
to dFADs to detect the presence of tuna schools and increase the
success of fishing sets. This includes the potential attachment of a
GPS buoy to a log or the deployment of a dFAD on a log to en-
hance its floatability. The term “FOB” will be used to refer to
dFADs or logs, without specifying the nature of the floating ob-
ject (Table 1).

When a FOB is equipped with a GPS buoy, we will refer to the
object as a “GPS buoy-equipped FOB” (Table 1). GPS buoys can
be deployed either during the deployment of a new dFAD, or as a
result of a random encounter with a FOB that was not previously
equipped with a GPS buoy (e.g. unaltered log) or was equipped
with a GPS buoy belonging to another vessel (in which case the
finding vessel generally replaces the GPS buoy with one of its own
GPS buoys). Three main groups of PS operate in the Atlantic and
Indian Oceans (French, Spanish, and Other), each maintaining a
certain number of GPS-equipped FOBs (Table 1). In this paper,
we will quantify the number and type of GPS-equipped FOBs
maintained by each fleet over time and space.

Data sources

Three major data sources were used: French logbooks, French
and Spanish onboard observer data, and GPS positions for
French GPS-buoys attached to FOBs. French logbook data pro-
vided positions for the 17 914 FOB fishing sets carried out by
French PS over the period 2007-2013. Similar data were not
available for this study for Spanish and other non-French PS. For
a subset of French and Spanish PS fishing trips, onboard obser-
vers were present and collected additional, detailed information
on FOB activities, including position, the type of FOB (dFAD or
log), the type of activity on the FOB (deployment, visit, fishing,
or retrieval) and the type of activity on the attached GPS buoy
(deployment, retrieval or visit). In addition, observers have the
possibility to provide more detailed information on FOB activ-
ities, such as the fleet (French, Spanish, or other) of the vessel
owning the GPS buoy. This information was available for 66.7%
of the 20 800 distinct activities on GPS buoy-equipped FOBs
noted by observers. Observer data were available for ~5-10% of
French and Spanish PS fishing trips (Supplementary Material S1,
Supplementary Tables S1.1 and S1.2) and covered a substantial
part of the Eastern Atlantic Ocean and Western Indian Ocean
(Figure 1). During 2010-2013, problems of piracy off Somalia in
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Massive increase in the use of dFADs

Table 1. Typology of Floating OBjects (FOBs) used by tropical tuna purse seine fleets depending on the origin of the object (log or dFAD)

and of the presence of a GPS buoy.

GPS buoy-equipped FOB

French Spanish Other

Free FOB +assoc. flags +assoc. flags Asian PS fleets
FOB type (no GPS buoy) (e.g. Mauritius) (e.g. Seychelles) other gears (baitboat)
Natural log Free-LOG LOG¢, LOG,, LOGqh
e.g. marine mammal, tree
or Artificial log
e.g. debris of human activities
dFAD Free-FAD FADy, FAD,, FAD o
e.g. bamboo or metallic raft
FOBs = logs + dFADs Free-FOB FOBg, FOB, FOByh

Data were only available for GPS buoy-equipped FOBs. Numbers of Free-Floating FOBs were therefore not estimated in this study. dFAD, man-made drifting

Fish Aggregating Device; LOG, any floating object that is not a dFAD.
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Figure 1. French GPS buoy data (pale grey) and observer data collected onboard French and Spanish vessels from 2007 to 2013 (dark grey).

the Indian Ocean (Chassot et al., 2010) prevented the boarding of
observers on Spanish vessels for security reasons and restricted
observers on French PS to safer fishing grounds, such as the
Mozambique Channel.

Finally, the positions of FOBs equipped with French GPS
buoys were available for the Atlantic and Indian oceans. A de-
tailed description of the data coverage and the methodology used
to filter and process the data can be found in Maufroy et al.
(2015) and in Supplementary Material S1. FOB position data
used for this study included more than 2 490 000 drifting pos-
itions from 14 415 distinct GPS buoys covering the period
January 2007 to December 2013. GPS buoy trajectories varied in
time length from less than a day to more than a year, with period-
icity of position data also varying, but typically being hourly or
daily. French GPS buoy positions covered the entire Atlantic and
Indian oceans, extending beyond typical tropical tuna fishing
grounds (Figure 1). However, as observer data were restricted to
fishing grounds, French GPS buoy data were only used within
these areas and, therefore, our estimates of GPS-equipped dFADs
and logs are limited to purse-seine fishing grounds of the Indian
and Atlantic Oceans.

Seasonal trends in dFAD and GPS buoy

deployment strategy

French GPS buoy positions data were used to assess seasonal
trends in FOB use. We assumed that seasonality in use of GPS
buoys by French PS is also representative of other PS fleets, i.e.

that French PS deploy GPS buoys in the same areas and with the
same seasonality as other PS fleets, though not necessarily in
equal numbers or with the same relative spatial distribution. This
assumption is supported by similar overall spatial extents of FOB
fishing sets for the three fleet types, though Spanish fishing
grounds extend beyond French fishing grounds in certain areas
(e.g. off Mauritania in the Atlantic Ocean or in the north of
Somalia in the Indian Ocean, Delgado de Molina et al., 2014;
Chassot et al., 2015).

Seasonal trends in GPS buoy deployment were assessed on
basis of the starting positions of at sea trajectories of French GPS
buoys. A deployment season was defined as a group of successive
months with similar relative spatial patterns of GPS buoy deploy-
ments (i.e. density maps of positions where GPS buoys entered
the water). Only one of the three French fishing companies pro-
vided data for each month of the entire period 2007-2013. To
avoid bias, one degree gridded mean monthly density maps of de-
ployments were built using only data from this fishing company.
Twofold Pearson correlations between these monthly maps were
used in a cluster analysis to determine GPS buoy deployment sea-
sons. Calculations were carried out using the cor and hclust (with
Ward clustering) functions in R (Murtagh and Legendre, 2014; R
Core Team, 2015). A similar approach was used on densities of
FOB fishing sets derived from French logbook data over 2007-
2013 to define FOB fishing seasonality. The correlation between
French FOB deployment and French FOB fishing was measured

using the Pearson correlation coefficient, at the scale of the year

9T0Z ‘/Z $e00100 U0 elegleg elues ‘eiuiolieD 10 AlSBAIUN B /610’ euIno [pJo xo'swiseol//:dny wouj papeoumod


Deleted Text: purse seiners
http://icesjms.oxfordjournals.org/lookup/suppl/doi:10.1093/icesjms/fsw175/-/DC1
Deleted Text: ,
Deleted Text: ,
Deleted Text: ,
Deleted Text: purse seiners
Deleted Text: ,
Deleted Text: purse seiners
Deleted Text:  Chassot <italic>et<?A3B2 show $146#?>al.</italic>, 2015;
Deleted Text: based on
Deleted Text: ,
Deleted Text: -
http://icesjms.oxfordjournals.org/
https://www.researchgate.net/publication/277962522_Large-Scale_Examination_of_Spatio-Temporal_Patterns_of_Drifting_Fish_Aggregating_Devices_dFADs_from_Tropical_Tuna_Fisheries_of_the_Indian_and_Atlantic_Oceans?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277962522_Large-Scale_Examination_of_Spatio-Temporal_Patterns_of_Drifting_Fish_Aggregating_Devices_dFADs_from_Tropical_Tuna_Fisheries_of_the_Indian_and_Atlantic_Oceans?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277665024_Ward's_Hierarchical_Agglomerative_Clustering_Method_Which_Algorithms_Implement_Ward's_Criterion?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==

A. Maufroy et al.

Positions of French

GPS buoys
|
| »FOB 1 |
afrj
! "4 dFAD
|
OEnEnnly. "
lo
- A LH p frj 9 m
. [ 1 & . li' e m e ————— .'.'6'.":' .'.'.'._.'.'.'.'.'.'.'.'i_: .i'i
e | | .. dFAD = i FAD Al LoG/ Al
I i . — SpsmishO e LT e e 3 ki
A E FOB A
A g o el 0
@ u] | Bayesian estimation
| I th,
| L pofid a othy dFAD
I | A A i 1°/9° cells
Observations of GPS Other A
buoy equipped FOBs Observer data
log A || French GPS buoy data

Figure 2. Types of GPS buoy-equipped objects and extrapolation procedure. French GPS buoy data were used to estimate the number of
French GPS buoys (N, ;) in each 1 x 1 degree cell i (dark grey). French and Spanish observer data were used to estimate the proportions of

the different types of FOBs in cells of 9 x 9 degrees (pale grey).

and at the scale of the season. Autocorrelograms were calculated
on the basis of one degree gridded maps of both FOB deployment
and FOB fishing using R package “RGeostats” (Renard et al,
2016). FOB deployment and FOB fishing maps were restricted to
areas of activity of PS that is to say to one degree grid cells with
observer data. Effective sample size accounting for spatial auto-
correlation structures was calculated (Clifford and Richardson,
1985) and used to test the significance of the correlation between
FOB deployment and FOB fishing (Dale and Fortin, 2009) under
the null hypothesis of correlation (o=5%). Finally, mean sea-
sonal speed vectors of GPS buoys were represented at the scale of
5° (Supplementary Material S2).

From French GPS buoys to a total number of

monitored dFADs

French GPS buoy tracking data only provide information on the
number of buoys at sea deployed by French PS (FOB) and their
location (cell j). Therefore, the total number of FOBs can only be
calculated from French data if we also know the proportion of all
FOBs that are French in each space-time stratum. Observer data
from random FOB encounters within fishing grounds provide in-
formation on the relative proportion of French (pj.;), Spanish
(Psp.j)> and Other (p,,;) GPS buoys (these proportions satisfying
the condition pg i+ psy i+ pom,=1 in cell j) through the flag of
the buoy reported by observers, and on the proportion of GPS
buoy-equipped FOBs from each fleet that are dFADs, as opposed
to logs(ots.jy tspjs %ormj)- These fleet and FOB type proportions
from observer data were combined with French GPS buoy pos-
itions data, accounting for spatio-temporal strata, to estimate the
total number of GPS buoy-equipped dFADs (FAD) and GPS
buoy-equipped FOBs (FOB) in use in the Atlantic and Indian
Oceans during 2007-2013. A detailed, step-by-step presentation
of this methodology is provided below.

French GPS buoy tracking data were used to estimate the num-
ber of French buoys in a given one degree cell (FOBy, ) at the end
of each month or on an annual basis (Figure 2 and Table 2).
French GPS buoy trajectories were first linearly interpolated be-
tween successive GPS positions to obtain a unique position each

day at 00:00 GMT. These positions were aggregated on a 1° grid,
and then a density map of French GPS buoys was generated from
the number of GPS-buoys in each grid cell j on the last day of
each month. The last day of the month was used because one of
the three French fishing companies deactivated GPS buoys that
had been flagged as “lost” by boat captains (i.e. onboard another
vessel, beached or outside of fishing grounds) on the first day of
each month from December 2011 onward (Sarah Le Couls,
CFTO, personal communication). Therefore, using the last day of
the month provided a better upper bound for the number of
French buoys active within fishing grounds. For simplicity, we
will refer to this as the “number of GPS buoys in a given month”
even though it really corresponds to the number of active buoys
at a precise moment during the month. Though we believe this to
be the most accurate methodology, the magnitude of any poten-
tial bias in our results because of using the end as opposed to the
beginning of each month was estimated by considering the per-
cent decrease in the total number of GPS buoys at the end of the
month. The number of buoys in our database decreased on aver-
age by 8.6% (s.d. 17.5%) at the end of each month. This decrease
had no apparent spatial or temporal trend, and, therefore, would
represent an average 8.6% decrease in the total number of esti-
mated buoys if all buoys turned off were classified as in the water
at the time they were turned off. This potential overestimation in
our FOB counts is likely smaller than the underestimation in the
total number of GPS-equipped FOBs caused by being limited to
only estimating within fishing grounds given that on average
19.2% of all French “water” GPS-buoy positions during the study
period occurred outside of fishing grounds (17.9% in the Atlantic
Ocean and 19.8% in the Indian Ocean).

Annual estimates of FOBg ; in each 1° square were computed
as the sum of all French GPS buoys having passed through the 1°
cell j at some point during the year, with each buoy’s contribution
to the sum being inversely weighted by the number of cells it vis-
ited during the year (so that the total contribution of each buoy
to the density map for the year is 1).

Observer data were then used to derive the relative proportions
of FOBs of each PS fleet p;; (i= French, Spanish, and Other) and

9T0Z ‘/Z $e00100 U0 elegleg elues ‘eiuiolieD 10 AlSBAIUN B /610’ euIno [pJo xo'swiseol//:dny wouj papeoumod


Deleted Text: purse seiners,
Deleted Text:  degrees
http://icesjms.oxfordjournals.org/lookup/suppl/doi:10.1093/icesjms/fsw175/-/DC1
Deleted Text: F
Deleted Text: f
Deleted Text: purse seiners
Deleted Text: ,
Deleted Text: due to
Deleted Text: SD
http://icesjms.oxfordjournals.org/
https://www.researchgate.net/publication/226916050_Spatial_Autocorrelation_and_Statistical_Tests_Some_Solutions?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/254206847_Testing_the_Association_between_Two_Spatial_Processes?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/254206847_Testing_the_Association_between_Two_Spatial_Processes?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==

Massive increase in the use of dFADs

Table 2. Data and methodology to estimate the total number of GPS buoy-equipped dFADs (FAD) and GPS buoy-equipped FOBs (FOB).

Spatio-temporal

Step Data strata

Method
and variables

1 French GPS buoy data 1°

1 month/1 year

2 Observer data 9°

Total number of French GPS buoys FOBg;

Bayesian estimation of the distribution of p;; and o

2007-2009/2010-2013

3 FOBg; whole ocean

pi; and o;; distributions

1 month/1 year

Raising factor to estimate FAD and FOB numbers

p is the relative proportion of GPS buoys; o is the relative proportion of GPS buoy-equipped FOBs. i and j indicate fleet (i.e. French, Spanish, and Other) and spa-

tial cell, respectively.

their relative use of dFADs and logs (¢;j) in a given spatio-
temporal stratum (Figure 2). Because of the relatively low coverage
of French and Spanish fishing trips in observer data and to the lack
of observer data for the Spanish PS fleet in the Indian Ocean since
2010, observer data were aggregated over several years so as to have
sufficient data in each stratum. The proportions p;; and o;; were
computed for two distinct periods: 2007-2009 and 2010-2013. The
relative proportions of GPS buoys belonging to each fleet were esti-
mated based on observations of GPS buoy-equipped FOBs pertain-
ing to other vessels that were randomly encountered at sea by PS.
For example, if two French, two Spanish, and one other GPS buoy-
equipped FOBs (not belonging to the observing vessel) were noted
by observers in a given spatio-temporal stratum, then the most
likely composition of FOBs in that strata was 2/5=40% French, 2/
5=40% Spanish, and 1/5=20% Other (see below for how this
“most likely” estimate is translated into a probabilistic framework).

Similarly, the relative proportions of dFADs (;;) versus logs
(1 — a;;) equipped with GPS-buoys by the French and Spanish
PS fleets were derived from deployments of GPS buoys on new
dFADs or FOBs found at sea. This procedure had to be modified
for Other PS fleets and for the Spanish PS fleet in the Indian
Ocean for the period 2010-2013 because of the absence of
onboard observers. In this case, random encounters of non-
owned dFADs and logs were used to calculate the proportions
Olgp,j aNd oloeh, j instead of using deployments,

To avoid spatial gaps and unrealistic spatial gradients, all pro-
portions were calculated over 9 x 9 degree grid cells centred on
each of the 1 x 1 cells. Using smaller grid cells led to significantly
reduced spatial coverage of observer data and high-spatial vari-
ability of the proportions, whereas larger grid cells could mask
the spatial variability in the distribution of dFADs and logs
(Dagorn et al., 2013a).

Uncertainty in estimates of FOB; and FAD; was assessed
through a Bayesian procedure to propagate uncertainty in p;; and
o;; estimates to total numbers of GPS buoy-equipped FOBs and
dFADs (see Supplementary Material S3 for details on the proced-
ure and priors). For each period 2007-2009 and 2010-2013 and
in each 9 x 9 degree cell, observations of French, Spanish and
Other GPS buoys were assumed to follow a multinomial distribu-
tion. Bayesian posterior distributions for the parameters (i.e. pro-
portions p;; and «;;) of multinomial distributions were estimated
using the Metropolis—Hastings Markov Chain Monte Carlo
(MCMC) algorithm implemented in the function metrop of R
package “mcmc” (Geyer and Johnson, 2015) assuming unin-
formative prior distributions. Convergence of the MCMC algo-
rithm to a stationary posterior distribution was visually evaluated
through trace plots and autocorrelation diagnostics. To improve

mixing, 4 separate MCMC chains, each with 2500 steps, were
used for parameter estimations on each spatio-temporal stratum,
so as to obtain 10 000 values of proportions p;; and «;;. Further
details of the estimation procedure can be found in
Supplementary Material S3.

The total number of GPS-equipped FOBs in each cell of the
grid was finally calculated as follows:

FOB=—""4 (Eq. 1)

where ¢ represents the coverage of French GPS vessels in GPS-
buoy tracking data (Supplementary Material S1), py.; the relative
proportion of French buoys in cell j derived fromthe Bayesian es-
timation procedure, and FOBg ; the number of French GPS buoys
inagiven 1 x 1 degree cell j. Average values and confidence inter-
vals (CI) (95%) for the total number of GPS buoys were calcu-
lated on basis of ensemble averaging over individual proportion
estimates from the Bayesian MCMC algorithm described above.

The number of dFADs in a given cell was calculated by multi-
plying the total number of FOBs by the weighted average (among
the different fleets) proportion of dFADs among all FOBs esti-
mated using the Bayesian approach described above:

FADj= (043 X pfr j+0gp j X Pp j+0koth j X Pori) X FOB;  (Eq. 2)

The total number of GPS-buoy equipped FOBs (FOB;) and
dFADs (FAD;) was summed to obtain an estimate per ocean.

Results

Strategies in dFADs and GPS buoy deployment

In the Atlantic and Indian Ocean, the clustering procedure of
mean monthly density maps of GPS buoy deployments over
2007-2013 produced four deployment seasons in each ocean
(Figure 3). The different seasons were generally more distinct
from each other in the Indian Ocean than in the Atlantic Ocean
as evidenced by the separations between groups of months in
dendogram plots occurring at greater heights in the Indian than
in the Atlantic Ocean (Figure 3). Similar seasons were obtained
with densities of fishing sets on FOBs, showing that activities of
deployment and fishing on FOBs were correlated in time and
space (Supplementary Material S2). Correlation between these
two types of activity was generally higher in the Indian Ocean
(Pearson correlation coefficient of 0.85 at the scale of the year,
p-value <0.001) than in the Atlantic Ocean and varied slightly
from season to season (Supplementary Material S2 and
Supplementary Table S2.1). For example in the Indian Ocean, the
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Figure 3. Clusters of months of GPS buoy deployments by the French PS fleet. In each ocean, four different clusters are identified, allowing

the detection of four distinct seasons of GPS buoy deployments.
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Figure 4. Seasonal density of GPS buoy deployments on dFADs and logs. Maps were smoothed using kde2d function of R MASS package.
Top panel: in the Atlantic Ocean. JF, January—February; MAM, March—May; JJAS, June—September; OND, October—December. Bottom panel:
in the Indian Ocean. MAM, March—May; J), June—July; ASO, August—September; NDJF, November—February.

correlation between deployment and fishing activities was lower
during June—July than during any other season. Seasonal deploy-
ment patterns were stable whatever the resolution of the analysis
(1°, 2°, or 5°), but varied between years (Supplementary Material
S2), suggesting that a given deployment season could occur ear-
lier or later depending on the year.

In the Atlantic Ocean, the season June—July—August—
September (JJAS) was most distinct (height=1.56). January—
February (JF) and October—November—December (OND) were
separated at a relatively low height of 0.83, indicating that these
two seasons share common areas of GPS buoy deployments
(Figure 3). During the four seasons, French deployments of GPS
buoys on FOBs mainly occurred in three areas (Figure 4): Senegal
(centered around 9°N, 18°W), Gulf of Guinea (1°N, 2°W), and
Gabon (1°S, 7°E). The relative densities of deployments, as well
as the extent of these deployment grounds varied from season to

season over 2007-2013. From January to March, PS progressively
moved from the Gulf of Guinea (2°N, 3°S/18°W, 2°E) northwest
to deployment grounds off Senegal (11°N, 6°S/22°W, 16°W).
From June to September, GPS buoy deployments were relocated
to the southeast and mainly occurred off Gabon (2°S, 8°S/4°W.
4°E). Finally, from October to December, they covered the whole
Gulf of Guinea and extended westward along the Equator.
Throughout the year, these deployments of GPS buoys occurred
relatively close the Western Coast of Africa.

In the Indian Ocean, four seasons were detected: March—
April-May (MAM), June-July (JJ), August—-September—October
(ASO), and November—December—January—February (NDJE).
During these four seasons, GPS buoy deployments moved clock-
wise on four distinct deployment grounds: the Mozambique
Channel area from March to May (12°S, 18°S/41°E, 48°E), the
West Seychelles deployment ground from June to July (7°S, 1°S/
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Figure 5. Estimation of the total number of GPS buoy-equipped dFADs in the main purse seine fishing grounds of the Atlantic (solid line)

and Indian (dashed line) oceans, at the end of each month (2007-2013).

46°E, 53°E), the Somalia deployment ground (3°N, 12°N/50°E,
60°E) from August to October and finally the Southeast
Seychelles deployment ground (5°S, 10°S/51°E, 62°E) from
November to February (Figure 4). Though these GPS buoy de-
ployment grounds were more distinct than those of the Atlantic
Ocean, secondary zones of deployment also appeared in some
seasons (e.g. North West Seychelles from March to May).

In both oceans, GPS buoys available to PS to monitor FOBs
were mainly used to track dFADs as indicated by the proportions
of dFADs versus logs among GPS buoy-equipped FOBs over
2007-2013. The proportion of dFADs increased over time in both
oceans, suggesting that fewer logs or more dFADs were being
equipped with GPS buoys. The dFAD proportion was somewhat
higher for Spanish and Other fleets than for the French fleet
[0.95, 95% CI (0.90; 0.98) for the Spanish PS fleet and 0.88, CI
(0.77; 0.95) for the French PS fleet after 2010] and in the Atlantic
Ocean [0.95, CI (0.94; 0.97) in the Atlantic Ocean and 0.91, CI
(0.87; 0.95) in the Indian Ocean after 2010]. In the Indian Ocean,
there was a generally decreasing gradient of dFAD proportion
among buoy-equipped FOBs from the North to the South and
the East to the West of the ocean that followed main paths of oce-
anic currents. The Mozambique Channel area has a relatively
high proportion of logs, with an average proportion of logs of
0.46 [CI (0.17; 0.65)] over 2007-2009 and 35% logs [CI (0.18;
0.66)] over 2010-2013. This was also the case around the Chagos
Archipelago and the Maldives. In the Atlantic Ocean, two zones
with a relatively higher prevalence of logs were observed in the
area of influence of the Niger (around 8°N-18°W) and the
Congo (around 2°S-7°E) rivers. In these zones, the proportions
of logs averaged 0.14 [CI (0.03; 0.42)] and 0.09 [CI (0.02; 0.27)]
over 2010-2013.

Recent evolution of the number dFADs and

GPS buoy-equipped objects

In both oceans, the number of GPS buoys per French vessel con-
tinuously increased over 2007-2013. In the Atlantic Ocean,
August 2007 was the month with the lowest use of GPS buoys
with 14 GPS buoys per vessel. These numbers reached 65 GPS
buoys per French purse seiner in December 2013. French PS of

the Atlantic Ocean have increased their use of GPS buoys by a
factor of 5.5 (s.d. 2.8) over the period 2007-2013. In the Indian
Ocean, the use of GPS buoys by the French fleet ranged from 14.2
GPS buoys in February 2007 to a maximum of 80.5 GPS buoys
per vessel in September 2013. On average over 2007-2013, French
PS of the Indian Ocean have multiplied their use of GPS buoys by
a factor of 5.8 (s.d. 1.2).

The strong observed increase in French use of GPS buoys is
mirrored in our estimate of the number of GPS buoys used by all
fleets (Figure 5; Supplementary Material S3, Supplementary Table
S3.1). In the Atlantic Ocean, it is estimated that 1174 dFADs [CI
(909; 1692)] and 1289 GPS buoys [CI (1001; 1852)] were in use
in January 2007. In 2013, these numbers reached maximums of
8575 dFADs [CI (5748; 14 110)] and 8856 GPS buoys [CI (5964;
14 487)] at the end of August. On average, the monthly use of
dFADs by all fleets was multiplied by 7.0 [CI (2.65; 12.5)].
Though the seasonality was less obvious than in the Indian
Ocean, there was generally a low season in the use of dFADs by
all fleets from May to August and a higher level of use during the
rest of the year. Estimated numbers of dFADs were generally
higher for the Spanish fleet than for all other fleets. For example,
during 2013, the Spanish, French, and Others PS fleets are esti-
mated to have accounted for 74.3, 8.3, and 17.4% of the dFADs
drifting in the Atlantic Ocean.

In the Indian Ocean, October was the main month of FOB use
in 2007 with 2252 dFADs [CI (1840; 3138)] and 2679 GPS buoys
[CI (2165; 3820)]. This number increased to reach 10 307 dFADs
[CI (9083; 12 444)] and 10 929 GPS-buoy equipped FOBs [CI
(9631; 13 234)] at the end of September 2013. On average, this
represented an increase of a factor 4.2 [CI (1.6; 8.92)] in the use
of dFADs by all PS fleets. There was a stronger seasonality in the
use of dFADs in the Indian Ocean than in the Atlantic Ocean. A
primary peak in the use of dFADs was generally observed from
August to September, when PS fleets concentrate their activities
off the coast of Somalia. During certain years, this peak began
earlier in the year (e.g. June-July in 2012 and 2013, Figure 5) as
PS prepared for the Somalia season by deploying new dFADs and
new GPS buoys off the coasts of Kenya and Tanzania. A second-
ary peak was also observed from March to May, as PS operate
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mostly in the Mozambique Channel area. Again, the Spanish PS
fleet used more dFADs (87.5% in 2013) than the French fleet
(10.2%) and non-European PS fleets (2.3%).

Discussion

In recent years, because of growing concern regarding the state of
tropical tuna stocks and pelagic ecosystems, tuna RFMOs have
implemented dFAD management plans. However, because of
missing exhaustive information on dFAD and GPS buoy use, it is
still difficult to identify changes in FOB fisheries and to measure
their magnitude. Here, for the first time, spatially explicit time-
varying estimates of the total number of FOBs used by all fleets,
as well as the uncertainty in this estimate, have been obtained via
an extrapolation based on combining information from multiple
datasets. Results indicate that the number of dFADs deployed in
the Atlantic and Indian Oceans increased by factors of 7.0 and
4.2, respectively, over the period 2007-2013. This major increase
in dFAD use over the last decade has been previously hypothe-
sized (Davies et al., 2014; Fonteneau and Chassot, 2014), but not
verified until now. The present study underlines the need for de-
tailed information on dFAD use of all fleets for improved evalu-
ation of the impacts of dFADs and management of tropical tuna
fisheries.

Strategies in dFAD and GPS buoy deployment

Seasons of GPS buoy deployment identified here are consistent
with previous studies of FOB deployment and fishing (Hallier
and Parajua, 1999; Ariz et al., 1999; Ménard et al., 2000; Kaplan
et al., 2014; Torres-Irineo et al., 2014). For the French fleet, de-
ployment and fishing on FOBs were correlated in time and
space, indicating that PS deploy dFADs and GPS buoys where
they are actively fishing, with a few exceptions. In the Indian
Ocean for instance, the correlation is lower during June-July,
when fishers deploy dFADs and GPS buoys off Tanzania and
Kenya to use them later off Somalia. A large proportion of these
deployments may occur during GPS buoy transfers (i.e. replace-
ments of foreign GPS buoys), except for PS benefiting from a
support vessel, which may be able to anticipate French GPS
buoy deployment seasons by a few weeks. Preliminary informa-
tion on GPS buoy deployments available from Seychelles sup-
port vessels suggests a separation in space and time between PS
and their associated support vessels (Assan et al., 2015). Future
estimates of dFAD use should include information from support
vessels when it becomes available to complement the data used
in the present study.

Spatio-temporal patterns of GPS buoy deployments also allow
us to draw inferences regarding how fishers use oceanic currents
to deploy new dFADs and GPS buoys (Supplementary Material
S2). In the Atlantic Ocean, GPS buoys were generally deployed
east of 20°W in the South Equatorial Current, closer to the coast
than in the Indian Ocean. The strong westward currents that are
active throughout the year in the Atlantic (Ariz et al, 1999;
Philander, 2001) were probably avoided to reduce the risk of los-
ing dFADs and GPS buoys (Maufroy et al, 2015). In the Indian
Ocean, a similar behaviour was observed during the season NDJF
with respect to the eastward South Eastern Counter Current
(Schott et al, 2009), which is capable of rapidly transporting
FOBs to the east of the Indian Ocean, where they may beach on
the coasts of the Maldives, Chagos, or Indonesia (Maufroy et al.,
2015). During the rest of the year, Indian Ocean PS targeted the

A. Maufroy et al.

rich waters of the eddies of the Mozambique Channel (Satre and
Da Silva, 1984) and of the upwelling zone off Somalia (Setre and
Da Silva, 1984; Shankar et al., 2002). In this study, because of
data availability, the use of currents for GPS buoy deployments
could only be examined with data aggregated on 2007-2013, and
at the scale of 5°. In the future, FOB drift could be modelled
using ocean surface currents and used in Lagrangian numerical
simulations (e.g. Ichthyop, Lett et al. 2008) to understand how
skippers anticipate the drift of their FOBs.

Estimating the use of FOBs in the Atlantic and

Indian oceans

Our estimates for the total number of dFADs are generally con-
sistent with previous estimates of dFAD and GPS buoy use for
specific years and oceans. In the Indian Ocean, Moreno et al.
(2007) estimated that there were approximately 2100 dFADs at
sea in 2007 at any given moment. For 2007, our monthly esti-
mates for the Indian Ocean ranged from 590 in February [CI
(455; 808)] to 2252 in October [CI (1840; 3138)]. At the annual
scale, we estimated the number of dFADs and GPS buoy-
equipped FOBs used to be 7050 and 8550, respectively, in 2009
(Supplementary Material S3), when Baske et al. (2012) estimated
that there were 7600 dFAD deployments for the same year. In the
Atlantic Ocean, Ménard et al. (2000) suggested that more than
3000 radio buoys could have been used in 1998. If this is the case,
our estimate of 2600 dFADs and 2700 GPS buoys in 2007 is con-
sistent with the decrease in the number of PS in the Atlantic that
occurred between 1998 and 2007 (Delgado de Molina et al,
2014). Furthermore, it was estimated that 9000 dFADs were de-
ployed in the Atlantic Ocean in 2010 (Baske et al, 2012), which is
close to the 9500 dFADs and 9800 GPS buoys we estimated for
the same year (Supplementary Material S3). However, any com-
parisons between our results and other estimates should be con-
sidered cautiously as they often do not represent equivalent
measurements. For example, the number of “dFAD deployments”
estimated by Baske et al. (2012) is not precisely equivalent to our
annual or monthly instantaneous estimates of the number of ac-
tive dFADs.

Though these estimates are consistent with previous know-
ledge, the use of observer data, covering 3-45% of French and
Spanish fleets (Supplementary Material S1) and the absence of
observers aboard Spanish vessels in the Indian Ocean after 2010
because of piracy off Somalia (Chassot et al., 2010), limited the
number of observations of GPS buoy-equipped FOBs. This ex-
plains to a large extent the relatively high level of variability and
uncertainty in our estimates. In particular, the amount and the
quality of the information available in observer data varied be-
tween observed fishing trips, either because of a lack of experience
of the observer or because of few detections of FOBs by the vessel.
As there was no reason to believe that some vessels are more
skilled at finding dFADs from one fleet than another or log vs
dFADs, this should only affect the level of uncertainty in our esti-
mates, because of reduced number of observations. Furthermore,
data limitations prevented assessment of possible inter-annual
changes in the relative proportions of GPS buoys of each fleet, as
well as intra-annual variability in the amount of logs introduced
to the ocean because of seasonality in river discharge (Ariz et al,
1999). Finally, PS of one of the French fishing companies have
been remotely deactivating GPS buoys drifting too far from fish-
ing grounds, onboard another vessel or otherwise inaccessible to
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Massive increase in the use of dFADs

the fishery on the last day of each month since December 2011. In
each ocean, this produced considerable fluctuations in the total
number of French GPS buoys between the end of a given month
and the beginning of the next month (on average 8.6%, s.d. of 17.
5%). Therefore, we used French GPS buoy data at the end of each
month as a reasonable proxy for the number of French buoys in-
side fishing grounds although this choice might result in some
overestimation. However, to put this potential bias in perspective,
note that our results do not account for those GPS-buoy
equipped FOBs that drift outside the main purse seine fishing
grounds. On average 19.2% of French GPS-buoy “water” pos-
itions during 2007-2013 were outside fishing grounds, suggesting
that our “fishing grounds” calculations underestimate the total
number of GPS-equipped FOBs in both oceans by a similar per-
centage. These FOBs outside fishing grounds generally do not
contribute to overall fishing effort of the fleet, but they still have
potential to negatively impact marine ecosystems (see below).

Assessing the impacts of dFAD and GPS buoy use

Our results demonstrate that dFADs are now the dominant form
of FOB in all PS fishing areas of the Atlantic and Indian Oceans.
Even in relatively “dFAD-free” zones, the level of habitat modifi-
cation through the use of dFAD:s is high and increasing in recent
years. For example, in the Mozambique Channel of the Indian
Ocean, the introduction of dFADs may have increased the num-
bers of FOBs by 110% (Dagorn et al., 2013a, b) to 270% (our re-
sults). dFADs may impact coastal and pelagic ecosystems via a
number of mechanisms, such as overfishing (Dagorn et al,
2013b; Fonteneau et al, 2013), ghost fishing (Filmalter et al,
2013; though non-entangling dFADs are increasingly used by the
European PS fishery, e.g., Franco et al., 2012; Goni et al.,, 2015),
coastal habitat destruction if they become marine debris
(Balderson and Martin, 2015; Maufroy et al., 2015), disturbance
to tuna spatial distributions (Marsac et al., 2000; Hallier and
Gaertner, 2008) and alteration of schooling behaviour (Sempo

Funding

This study was co-funded by the European research project
CECOFAD (MARE/2014/24), the AMPED project (www.amped.
ird.fr) of the French National Research Agency (ANR) grant
number ANR-08-STRA-03 and by a grant of France Filiere Péche.

Acknowledgements

We would like to thank the handling editor Jan Jaap Poos, re-
viewer Paul Marchal and two other anonymous reviewers for
their extensive and constructive comments on previous versions
of this paper that significantly improved its clarity and precision.
Fisheries data were collected by IRD, AZTI-Tecnalia and IEO
through the EU-funded Data Collection Framework [DCF, Reg
(EC) 1543/2000 and 199/2008]. The authors wish to acknowledge
the contributions of the staff of the “Observatoire Thonier” and
all the technicians and fishers who have been involved in data col-
lection, processing, and management. The authors are grateful to
ORTHONGEL for providing the data on the buoy positions, es-
pecially Sarah Le Couls (CFTO), Laurent Pinault (Sapmer) and
Anthony Claude (Saupiquet). Statistical analyses in this paper
benefited from conversations with Nicolas Bousquet. This is con-
tribution number 3583 of the Virginia Institute of Marine
Science, College of William and Mary, and contribution number
791 of AZTI (Marine Research Division).

References

Assan, C., Lucas, J., Maufroy, A., Chassot, E., and Delgado de
Molina, A. 2015. Seychelles auxiliary vessels in support of purse
seine fishing in the Indian Ocean during 2005-2014. 17¢me
groupe de travail sur les thons tropicaux. CTOI, Victoria, IOTC-
WPTT17-41.

Amande, 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.

Amande, M. J., Chassot, E., Chavance, P., Murua, H., Molina, A. D

et al., 2013). Combined with bycatch, ghost-fishing and/or echo-
sounder buoy data, our estimated densities of FOBs could be
used to assess these potential dFAD impacts. This would repre-
sent a considerable improvement over the extensive speculation,
but little concrete evidence, surrounding a number of these im-
pacts (e.g. the potential for an ecological trap effect).

Finally, purse-seine fishing effort in the Atlantic and Indian
Oceans has been modified by not only the increasing number of
GPS-buoy equipped FOBs, but also the increasingly sophisticated
technological means aboard tuna PS (Torres-Irineo et al., 2014),
the introduction of echosounder GPS buoys capable of assessing
FOB-associated tuna aggregations in real time (Lopez et al,
2014), and the increasing use of support vessels (Chassot et al.,
2015). For a better evaluation and management of the tropical
tuna PS fisheries, the collection of dFAD information through
dFAD management plans should be reinforced and collaboration
with fishermen would be required, as in this study. In particular,
detailed information on the use of FOBs by all purse seine fleets
would be necessary for a precise evaluation of the contribution of
GPS buoy-equipped FOBs to overall fishing effort and fishing
capacity of tropical tuna PS.

Supplementary data
Supplementary material is available at the ICESJMS online ver-
sion of the manuscript.

d., and Bez, N. 2012. Precision in bycatch estimates: the case of
tuna purse-seine fisheries in the Indian Ocean. ICES Journal of
Marine Science. http://icesjms.oxfordjournals.org/content/early/
2012/06/15/icesjms.fss106 (last accessed 9 July 2012).

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.

Baske, A., Gibbon, J., Benn, J., and Nickson, A. 2012. Estimating the
use 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 meet-
ing point hypothesis. Reviews in Fish Biology and Fisheries, 11:
255-277.

Chassot, E., Assan, C., Damiano, A., Delgado de Molina, A., Joachim,
L., Cauquil, P., Lesperance, F., et al. 2015. Statistics of the
European Union and associated flags purse seine fishing fleets tar-
geting tropical tunas in the Indian Ocean during 1984-2014.
I0TC-2015-WPTT17-12.

Chassot, E., Dewals, P., Floch, L., Lucas, V., Morales-Vargas, M., and
Kaplan, D. M. 2010. Analysis of the effects of Somali piracy on the
European tuna purse seine fisheries of the Indian Ocean. In IOTC
Scientific Committee Proceedings, pp. 1-26. Indian Ocean Tuna

9T0Z ‘/Z $e00100 U0 elegleg elues ‘eiuiolieD 10 AlSBAIUN B /610’ euIno [pJo xo'swiseol//:dny wouj papeoumod


Deleted Text: SD
Deleted Text: ; Marsac <italic>et<?A3B2 show $146#?>al.</italic>, 2000
Deleted Text: ,
Deleted Text: purse seiners
Deleted Text: purse seiners
http://icesjms.oxfordjournals.org/lookup/suppl/doi:10.1093/icesjms/fsw175/-/DC1
http://www.amped.ird.fr
http://www.amped.ird.fr
http://icesjms.oxfordjournals.org/content/early/2012/06/15/icesjms.fss106
http://icesjms.oxfordjournals.org/content/early/2012/06/15/icesjms.fss106
http://icesjms.oxfordjournals.org/
https://www.researchgate.net/publication/258173571_Looking_behind_the_curtain_Quantifying_massive_shark_mortality_in_fish_aggregating_devices?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/258173571_Looking_behind_the_curtain_Quantifying_massive_shark_mortality_in_fish_aggregating_devices?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/263680594_Impact_of_increasing_deployment_of_artificial_floating_objects_on_the_spatial_distribution_of_social_fish_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/263680594_Impact_of_increasing_deployment_of_artificial_floating_objects_on_the_spatial_distribution_of_social_fish_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277962522_Large-Scale_Examination_of_Spatio-Temporal_Patterns_of_Drifting_Fish_Aggregating_Devices_dFADs_from_Tropical_Tuna_Fisheries_of_the_Indian_and_Atlantic_Oceans?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/29637189_Drifting_fish_aggregation_devices_could_act_as_an_ecological_trap_for_tropical_tuna_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/29637189_Drifting_fish_aggregation_devices_could_act_as_an_ecological_trap_for_tropical_tuna_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/236944845_Global_spatio-temporal_patterns_in_tropical_tuna_purse_seine_fisheries_on_drifting_fish_aggregating_devices_DFADs_Taking_a_historical_perspective_to_inform_current_challenges?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260913565_Changes_in_fishing_power_and_fishing_strategies_driven_by_new_technologies_The_case_of_tropical_tuna_purse_seiners_in_the_eastern_Atlantic_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/261070674_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?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/261070674_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?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/273880359_Precision_in_bycatch_estimates_The_case_of_tuna_purse-seine_fisheries_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/273880359_Precision_in_bycatch_estimates_The_case_of_tuna_purse-seine_fisheries_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/273880359_Precision_in_bycatch_estimates_The_case_of_tuna_purse-seine_fisheries_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/273880359_Precision_in_bycatch_estimates_The_case_of_tuna_purse-seine_fisheries_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/273880359_Precision_in_bycatch_estimates_The_case_of_tuna_purse-seine_fisheries_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/307852893_A_general_theory_on_fish_aggregation_to_floating_objects_An_alternative_to_meeting_point_hypothesis?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/307852893_A_general_theory_on_fish_aggregation_to_floating_objects_An_alternative_to_meeting_point_hypothesis?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/307852893_A_general_theory_on_fish_aggregation_to_floating_objects_An_alternative_to_meeting_point_hypothesis?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/307852893_A_general_theory_on_fish_aggregation_to_floating_objects_An_alternative_to_meeting_point_hypothesis?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/profile/Nicolas_Bousquet?el=1_x_11&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/profile/Paul_Marchal2?el=1_x_11&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==

10

Commission, Seychelles. http://www.iotc.org/files/proceedings/
2010/sc/IOTC-2010-SC-09.pdf (last accessed 18 July 2013).

Clifford, P., and Richardson, S. 1985. Testing the association between
two spatial processes. Statistics and Decisions, 2: 155-160.

Dagorn, L., Bez, N., Fauvel, T., and Walker, E. 2013a. How much do
fish aggregating devices (FADs) modify the floating object envir-
onment in the ocean? Fisheries Oceanography, 22: 147-153.

Dagorn, L., Holland, K. N., Restrepo, V., and Moreno, G. 2013b. 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.

Dale, M. R. T., and Fortin, M. J. 2009. Spatial autocorrelation and
statistical tests: some solutions. Journal of Agricultural, Biological,
and Environmental Statistics, 14: 188—206.

Davies, T. K., Mees, C. C., and Milner-Gulland, E. J. 2014. The past,
present and future use of drifting fish aggregating devices (FADs)
in the Indian Ocean. Marine Policy, 45: 163-170.

Delgado de Molina, A., Floch, L., Rojo, V., Damiano, A., Ariz, J.,
Chassot, E., Gom, F. N,, et al. 2014. Statistics of the European and
associated purse seine and baitboat fleets in the Atlantic Ocean.
Collective Volume of Scientific Papers ICCAT, 70: 2654—2668.

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.

Fonteneau, A., Ariz, J., Gaertner, D., Nordstrom, V., and Pallares, P.
2000a. Observed changes in the species composition of tuna
schools in the Gulf of Guinea between 1981 and 1999, in relation
with the Fish Aggregating Device fishery. Aquatic Living
Resources, 13: 253-257.

Fonteneau, A., Pallarés, P., and Pianet, R. 2000b. A worldwide review
of purse seine fisheries on FADs. In Péche Thoniére Et Dispositifs
De Concentration De Poissons p 15-35. J.Y., Le Gall, P., Cayré,
and M., Taquet, Editions Quae, Editions Ifremer, Plouzané,
France.

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.
I0TC-2014-WPTT16-22.

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.

Franco, J., Moreno, G., Lopez, J., and Sancristobal, I. 2012. Testing
new designs of drifting Fish Aggregating Device (dFAD) in the
Eastern Atlantic to reduce turtle and shark. Collective Volume of
Scientific Papers ICCAT, 68: 1754—1762.

Geyer, C. J., and Johnson, L. T. 2015. mcmec: Markov Chain Monte
Carlo. R package version 0.9-4. http://CRAN.R-project.org/pack
age=mcmc (last accessed 26 November 2015).

Goni, N., Santiago, J., Murua, H., Fraile, I, Ruiz, J., Krug, L., and
Sotillo de Olano, B., et al. 2015. Verification of the limitation of
the number of FADs and best practices to reduce their impact on
bycatch fauna. IOTC-2015-WPTT17-33. 18pp.

Greenblatt, P. R. 1979. Associations of tuna with flotsam in the east-
ern tropical Pacific. Fishery Bulletin, 77: 147-155.

Hall, M., and Roman, M. 2013. Bycatches and non-tuna catches in
the tropical tuna purse seine fisheries of the world. FAO Fisheries
and Aquaculture Technical Paper, 568. IATTC, Rome.

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., and Parajua, J. I. 1999. Review of tuna fisheries on float-
ing objects in the Indian Ocean. In Proceedings of the
International Workshop on Fishing for Tunas Associated with
Floating Objects, Ed. by M. D., Scott, W. H., Bayliff, C. E.,

A. Maufroy et al.

Lennert-Cody, and K. M., Schaefer. La Jolla, CA, February 11-13,
1992. Inter-American Tropical Tuna Commission, 11: 195-221.
ICCAT. 2014. Recommandation 14-01 Recommendation by ICCAT
on a multi-annual conservation and management program for

tropical tunas.

IOTC. 2013. Resolution 13/08 Procedures on a fish aggregating de-
vices (FADs) management plan, including more detailed specifi-
cation of catch reporting from FAD sets, and the development of
improved FAD designs to reduce the incidence of entanglement
of non-target species.

ISSF. 2014. Report of the ISSF Workshop on FADs as Ecological
Traps. 29-31 January 2014, Sete, France.

Kaplan, D. M., Chassot, E., Amandé, J. M., Dueri, S., Demarcq, H.,
Dagorn, L., and Fonteneau, A. 2014. Spatial management of
Indian Ocean tropical tuna fisheries: potential and perspectives.
ICES Journal of Marine Science: fst233.

Kingsford, M. J. 1993. Biotic and abiotic structure in the pelagic en-
vironment: importance to small fishes. Bulletin of Marine Science,
53:393—415.

Lett, C., Verley, P., Mullon, C., Parada, C., Brochier, T., Penven, P.,
and Blanke, B. 2008. A Lagrangian tool for modelling ichthyo-
plankton dynamics. Environmental Modelling & Software, 23:
1210-1214.

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.

Marsac, F., Fonteneau, A., and Ménard, F. 2000. Drifting FADs used
in tuna fisheries: an ecological trap? In Péche thoniere et disposi-
tifs de concentration de poissons, Caribbean-Martinique, 15-19
October 1999.

Maufroy, A., Chassot, E., Joo, R., and Kaplan, D. M. 2015. Large-scale
examination of spatio-temporal patterns of drifting fish aggregat-
ing devices from tropical tuna fisheries of the Indian and Atlantic
Oceans. PLoS ONE,

Ménard, F., Fonteneau, A., Gaertner, D., Nordstrom, V., Stéquert, B.,
and Marchal, E. 2000. Exploitation of small tunas by a purse-seine
fishery with fish aggregating devices and their feeding ecology in
an eastern tropical Atlantic ecosystem. ICES Journal of Marine
Science, 57: 525-530.

Moreno, G., Dagorn, L., Sancho, G., Garcia, D., and Itano, D. 2007.
Using local ecological knowledge (LEK) to provide insight on the
tuna purse seine fleets of the Indian Ocean useful for manage-
ment. Aquatic Living Resources, 20: 367-376.

Murtagh, F., and Legendre, P. 2014. Ward’s hierarchical agglomera-
tive clustering method: which algorithms implement Ward’s cri-
terion? Journal of Classification, 31: 274-295.

Philander, S. G. 2001. Atlantic Ocean Equatorial Currents. In Ocean
Currents: A Derivative of the Encyclopedia of Ocean Sciences, pp.
54-58. Academic Press, London, UK.

R Core Team. 2015. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria. http://www.R-project.org (last accessed 16 November
2015).

Ramos, M. L., Delgado de Molina, A., and Ariz, J. 2010. Analysis of
activity data obtained from supply vessels’ logbooks implemented
by the Spanish fleet and associated in Indian Ocean. IOTC-2010-
WPTT-22: 13 pp.

Renard, D., Bez, N., Desassis, N., Beucher, H., Ors, F., and Laporte, F.
2016. RGeostats: The Geostatistical package [Version:11.0.1].
MINES ParisTech. Free download from: http://cg.ensmp.fr/rgeo
stats (last accessed 26 April 2016).

Setre, R, and Da Silva, A. J. 1984. The circulation of the
Mozambique channel. Deep Sea Research Part a. Oceanographic
Research Papers, 31: 485-508.

Schott, F. A., Xie, S. P., and McCreary, J. P. 2009. Indian Ocean circu-
lation and climate variability. Reviews of Geophysics, 47: RG1002.

9T0Z ‘/Z $e00100 U0 elegleg elues ‘eiuiolieD 10 AlSBAIUN B /610’ euIno [pJo xo'swiseol//:dny wouj papeoumod


http://www.iotc.org/files/proceedings/2010/sc/IOTC-2010-SC-09.pdf
http://www.iotc.org/files/proceedings/2010/sc/IOTC-2010-SC-09.pdf
http://CRAN.R-project.org/package=mcmc
http://CRAN.R-project.org/package=mcmc
http://CRAN.R-project.org/package=mcmc
http://www.R-project.org
http://cg.ensmp.fr/rgeostats
http://cg.ensmp.fr/rgeostats
http://icesjms.oxfordjournals.org/
https://www.researchgate.net/publication/226916050_Spatial_Autocorrelation_and_Statistical_Tests_Some_Solutions?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/226916050_Spatial_Autocorrelation_and_Statistical_Tests_Some_Solutions?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/226916050_Spatial_Autocorrelation_and_Statistical_Tests_Some_Solutions?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/237259188_ASSOCIATIONS_OF_TUNA_WITH_FLOTSAM_IN_THE_EASTERN_TROPICAL_PACIFIC?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/237259188_ASSOCIATIONS_OF_TUNA_WITH_FLOTSAM_IN_THE_EASTERN_TROPICAL_PACIFIC?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/241070129_Observed_changes_in_the_species_composition_of_tuna_schools_in_the_Gulf_of_Guinea_between_1981_and_1999_in_relation_with_the_Fish_Aggregating_Device_fishery?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/241070129_Observed_changes_in_the_species_composition_of_tuna_schools_in_the_Gulf_of_Guinea_between_1981_and_1999_in_relation_with_the_Fish_Aggregating_Device_fishery?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/241070129_Observed_changes_in_the_species_composition_of_tuna_schools_in_the_Gulf_of_Guinea_between_1981_and_1999_in_relation_with_the_Fish_Aggregating_Device_fishery?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/241070129_Observed_changes_in_the_species_composition_of_tuna_schools_in_the_Gulf_of_Guinea_between_1981_and_1999_in_relation_with_the_Fish_Aggregating_Device_fishery?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/241070129_Observed_changes_in_the_species_composition_of_tuna_schools_in_the_Gulf_of_Guinea_between_1981_and_1999_in_relation_with_the_Fish_Aggregating_Device_fishery?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/254206847_Testing_the_Association_between_Two_Spatial_Processes?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/254206847_Testing_the_Association_between_Two_Spatial_Processes?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/258173571_Looking_behind_the_curtain_Quantifying_massive_shark_mortality_in_fish_aggregating_devices?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/258173571_Looking_behind_the_curtain_Quantifying_massive_shark_mortality_in_fish_aggregating_devices?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/258173571_Looking_behind_the_curtain_Quantifying_massive_shark_mortality_in_fish_aggregating_devices?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/258173571_Looking_behind_the_curtain_Quantifying_massive_shark_mortality_in_fish_aggregating_devices?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260480978_Spatial_management_of_Indian_Ocean_tropical_tuna_fisheries_Potential_and_perspectives?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260480978_Spatial_management_of_Indian_Ocean_tropical_tuna_fisheries_Potential_and_perspectives?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260480978_Spatial_management_of_Indian_Ocean_tropical_tuna_fisheries_Potential_and_perspectives?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260480978_Spatial_management_of_Indian_Ocean_tropical_tuna_fisheries_Potential_and_perspectives?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277962522_Large-Scale_Examination_of_Spatio-Temporal_Patterns_of_Drifting_Fish_Aggregating_Devices_dFADs_from_Tropical_Tuna_Fisheries_of_the_Indian_and_Atlantic_Oceans?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277962522_Large-Scale_Examination_of_Spatio-Temporal_Patterns_of_Drifting_Fish_Aggregating_Devices_dFADs_from_Tropical_Tuna_Fisheries_of_the_Indian_and_Atlantic_Oceans?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277962522_Large-Scale_Examination_of_Spatio-Temporal_Patterns_of_Drifting_Fish_Aggregating_Devices_dFADs_from_Tropical_Tuna_Fisheries_of_the_Indian_and_Atlantic_Oceans?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277962522_Large-Scale_Examination_of_Spatio-Temporal_Patterns_of_Drifting_Fish_Aggregating_Devices_dFADs_from_Tropical_Tuna_Fisheries_of_the_Indian_and_Atlantic_Oceans?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277665024_Ward's_Hierarchical_Agglomerative_Clustering_Method_Which_Algorithms_Implement_Ward's_Criterion?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277665024_Ward's_Hierarchical_Agglomerative_Clustering_Method_Which_Algorithms_Implement_Ward's_Criterion?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277665024_Ward's_Hierarchical_Agglomerative_Clustering_Method_Which_Algorithms_Implement_Ward's_Criterion?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/29637189_Drifting_fish_aggregation_devices_could_act_as_an_ecological_trap_for_tropical_tuna_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/29637189_Drifting_fish_aggregation_devices_could_act_as_an_ecological_trap_for_tropical_tuna_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/29637189_Drifting_fish_aggregation_devices_could_act_as_an_ecological_trap_for_tropical_tuna_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/231934826_Using_local_ecological_knowledge_LEK_to_provide_insight_on_the_tuna_purse_seine_fleets_of_the_Indian_Ocean_useful_for_management?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/231934826_Using_local_ecological_knowledge_LEK_to_provide_insight_on_the_tuna_purse_seine_fleets_of_the_Indian_Ocean_useful_for_management?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/231934826_Using_local_ecological_knowledge_LEK_to_provide_insight_on_the_tuna_purse_seine_fleets_of_the_Indian_Ocean_useful_for_management?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/231934826_Using_local_ecological_knowledge_LEK_to_provide_insight_on_the_tuna_purse_seine_fleets_of_the_Indian_Ocean_useful_for_management?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/233550840_Biotic_and_Abiotic_Structure_in_the_Pelagic_Environment_Importance_to_Small_Fishes?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/233550840_Biotic_and_Abiotic_Structure_in_the_Pelagic_Environment_Importance_to_Small_Fishes?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/233550840_Biotic_and_Abiotic_Structure_in_the_Pelagic_Environment_Importance_to_Small_Fishes?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/236944845_Global_spatio-temporal_patterns_in_tropical_tuna_purse_seine_fisheries_on_drifting_fish_aggregating_devices_DFADs_Taking_a_historical_perspective_to_inform_current_challenges?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/236944845_Global_spatio-temporal_patterns_in_tropical_tuna_purse_seine_fisheries_on_drifting_fish_aggregating_devices_DFADs_Taking_a_historical_perspective_to_inform_current_challenges?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/236944845_Global_spatio-temporal_patterns_in_tropical_tuna_purse_seine_fisheries_on_drifting_fish_aggregating_devices_DFADs_Taking_a_historical_perspective_to_inform_current_challenges?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/236944845_Global_spatio-temporal_patterns_in_tropical_tuna_purse_seine_fisheries_on_drifting_fish_aggregating_devices_DFADs_Taking_a_historical_perspective_to_inform_current_challenges?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/237642136_Exploitation_of_small_tunas_by_a_purse-seine_fishery_with_fish_aggregating_devices_and_their_feeding_ecology_in_an_eastern_tropical_Atlantic_ecosystem?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/237642136_Exploitation_of_small_tunas_by_a_purse-seine_fishery_with_fish_aggregating_devices_and_their_feeding_ecology_in_an_eastern_tropical_Atlantic_ecosystem?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/237642136_Exploitation_of_small_tunas_by_a_purse-seine_fishery_with_fish_aggregating_devices_and_their_feeding_ecology_in_an_eastern_tropical_Atlantic_ecosystem?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/237642136_Exploitation_of_small_tunas_by_a_purse-seine_fishery_with_fish_aggregating_devices_and_their_feeding_ecology_in_an_eastern_tropical_Atlantic_ecosystem?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/237642136_Exploitation_of_small_tunas_by_a_purse-seine_fishery_with_fish_aggregating_devices_and_their_feeding_ecology_in_an_eastern_tropical_Atlantic_ecosystem?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/240483255_Indian_Ocean_circulation_and_climate_variability?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/240483255_Indian_Ocean_circulation_and_climate_variability?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260010258_The_past_present_and_future_use_of_drifting_fish_aggregating_devices_FADs_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260010258_The_past_present_and_future_use_of_drifting_fish_aggregating_devices_FADs_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260010258_The_past_present_and_future_use_of_drifting_fish_aggregating_devices_FADs_in_the_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/261070674_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?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/261070674_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?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/261070674_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?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/261070674_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?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277117331_A_worldwide_review_of_purse_seine_fisheries_on_FADs?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277117331_A_worldwide_review_of_purse_seine_fisheries_on_FADs?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277117331_A_worldwide_review_of_purse_seine_fisheries_on_FADs?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277117331_A_worldwide_review_of_purse_seine_fisheries_on_FADs?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/277117331_A_worldwide_review_of_purse_seine_fisheries_on_FADs?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==

Massive increase in the use of dAFADs 11

Sempo, G., Dagorn, L., Robert, M., and Deneubourg, J. L. 2013. Proceeding of the ICCAT Conference on the International
Impact of increasing deployment of artificial floating objects on Skipjack Year Program. Ed. by P. E. K. Symons, P. M. Miyake, G.
the spatial distribution of social fish species. Journal of Applied T. Sakagawa, and ICCAT Conference on the International
Ecology, 50: 1081-1092. Skipjack Year Program, Ténérife (ESP), 1983/06/21-29. ICCAT,

Shankar, D., Vinayachandran, P. N., and Unnikrishnan, A. S. 2002. Madrid.

The monsoon currents in the north Indian Ocean. Progress in  Torres-Irineo, E., Gaertner, D., Chassot, E., and Dreyfus-Leon, M.
Oceanography, 52: 63-120. 2014. Changes in fishing power and fishing strategies

Stretta, J. M., and Slepoukha, M. 1986. Analyse des températures de driven by new technologies: the case of tropical tuna purse seiners

surface au sein des concentrations de listaos en 1981. In in the eastern Atlantic Ocean. Fisheries Research, 155: 10-19.

Handling editor: Jan Jaap Poos

The author has requested enhancement of the downloaded file. All in-text references underlined in blue are linked to publications on ResearchGate.

9T0Z ‘/Z $e00100 U0 elegleg elues ‘eiuiolieD 10 AlSBAIUN B /610’ euIno [pJo xo'swiseol//:dny wouj papeoumod


http://icesjms.oxfordjournals.org/
https://www.researchgate.net/publication/263680594_Impact_of_increasing_deployment_of_artificial_floating_objects_on_the_spatial_distribution_of_social_fish_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/263680594_Impact_of_increasing_deployment_of_artificial_floating_objects_on_the_spatial_distribution_of_social_fish_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/263680594_Impact_of_increasing_deployment_of_artificial_floating_objects_on_the_spatial_distribution_of_social_fish_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/263680594_Impact_of_increasing_deployment_of_artificial_floating_objects_on_the_spatial_distribution_of_social_fish_species?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/222296375_The_monsoon_currents_in_the_north_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/222296375_The_monsoon_currents_in_the_north_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/222296375_The_monsoon_currents_in_the_north_Indian_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260913565_Changes_in_fishing_power_and_fishing_strategies_driven_by_new_technologies_The_case_of_tropical_tuna_purse_seiners_in_the_eastern_Atlantic_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260913565_Changes_in_fishing_power_and_fishing_strategies_driven_by_new_technologies_The_case_of_tropical_tuna_purse_seiners_in_the_eastern_Atlantic_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260913565_Changes_in_fishing_power_and_fishing_strategies_driven_by_new_technologies_The_case_of_tropical_tuna_purse_seiners_in_the_eastern_Atlantic_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260913565_Changes_in_fishing_power_and_fishing_strategies_driven_by_new_technologies_The_case_of_tropical_tuna_purse_seiners_in_the_eastern_Atlantic_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260913565_Changes_in_fishing_power_and_fishing_strategies_driven_by_new_technologies_The_case_of_tropical_tuna_purse_seiners_in_the_eastern_Atlantic_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==
https://www.researchgate.net/publication/260913565_Changes_in_fishing_power_and_fishing_strategies_driven_by_new_technologies_The_case_of_tropical_tuna_purse_seiners_in_the_eastern_Atlantic_Ocean?el=1_x_8&enrichId=rgreq-86ce42187480534602b2abccb79c9102-XXX&enrichSource=Y292ZXJQYWdlOzMwOTUyMTE3NjtBUzo0MjMyNjQ2MTU5NjQ2ODhAMTQ3NzkyNTU1Njk3Ng==

	fsw175-TF1
	fsw175-TF2

