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Abstract: Purse-seining for tropical tuna is one of the most technologically advanced fisheries in the world. The pur-
pose of this study was to apply local ecological knowledge (LEK) to assist in the planning of future in situ studies of
fish behaviour around drifting fish aggregating devices (DFADs) by prioritizing research topics, thereby reducing the
number of potential hypotheses to explore. Interviews of fishing masters of the purse-seine fleets working in the west-
ern Indian Ocean provided an alternate, independent, and previously unexplored source of behavioural information, spe-
cifically on the attraction, retention, and departure behaviours of tuna schools in relation to DFADs. Most fishing
masters agreed that the maximum attraction distance of a DFAD is approximately 10 km and generally agreed to the
following statements. Tuna form distinct schools under FADs, commonly segregated by species and size. The main rea-
sons for the departure of tuna aggregations from FADs are changes in currents or FAD movements and location in re-
lation to physical or oceanographic features. The number of actively monitored DFADs at sea in the western Indian
Ocean was estimated at approximately 2100. Incorporating fishers into the planning and design stages of future re-
search projects will facilitate collaborative and integrated approaches.

Résumé : La pêche thonière tropicale à la senne coulissante est l’une des pêches commerciales les plus avancées techno-
logiquement au monde. Le but de notre travail est d’utiliser les connaissances écologiques locales (« LEK ») pour aider à
planifier les études futures in situ sur le comportement des poissons autour des dispositifs dérivants de concentration des
poissons (« DFADs ») en établissant une priorité dans les sujets de recherche, réduisant ainsi le nombre potentiel
d’hypothèses à explorer. Des entrevues avec les capitaines de pêche des flottes qui utilisent la senne coulissante dans
l’ouest de l’Océan Indien fournit une source de remplacement indépendante et encore inexplorée de renseignements com-
portementaux, en particulier sur les comportements d’attirance, de rétention et de départ des bancs de thons en relation
avec ces DFAD. La plupart des capitaines de pêche sont d’accord que la distance maximale d’attraction d’un DFAD est
d’environ 10 km et ils conviennent généralement des propositions suivantes : les thons forment des bancs distincts sous
les FAD, souvent séparés en fonction de l’espèce et de la taille; les raisons principales de l’abandon des FAD par les ras-
semblements de thons sont des changements dans les courants ou alors les déplacements et les positionnements des FAD
par rapport aux caractéristiques physiques ou océaniques. Le nombre de DFAD qui sont suivis activement en mer dans
l’ouest de l’Océan Indien est estimé à environ 2100 objets en dérive. L’implication des pêcheurs dans les phases de la
planification et de la conception des futurs projets de recherche favorisera la collaboration et l’intégration.

[Traduit par la Rédaction] Moreno et al.

Introduction

Studies on fish behaviour have typically been carried out
by animal behaviourists working at fine scales with the aim
of understanding fundamental behaviour patterns (Pitcher
1993). Researchers in population dynamics understand that
fish behaviour can introduce bias into fishery stock assess-
ments, but most joint studies have only examined the effects
of behaviour from a theoretical point of view. As stated by
Fréon and Misund (1999), it is surprising how few applied

studies in population dynamics have incorporated fish
behaviour because of the lack of knowledge in this field.

For the commercial fishers, the behaviour of their quarry is
a day-to-day concern that directly impacts their livelihood.
Fishers must understand the three-dimensional spatial
dynamics of the fish, schooling, swimming, and escape be-
haviours in order to decide where, when, and how to operate
at peak efficiency. Because fishers spend so much time at sea
and depend on their knowledge of fish behaviour to succeed,
they consciously acquire large amounts of empirical knowl-
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edge on fish behaviour. This represents a large and valuable
body of knowledge on fish behaviour that has rarely been
tapped by fishery researchers. Likewise, few studies examin-
ing local ecological knowledge (LEK), nonscientific informa-
tion provided by local resource users, have dealt with fine-
scale fish behaviour. Most of the LEK studies published thus
far relating to fish behaviour have been devoted to describing
spatial distribution (Poizat and Baran 1997), migration
(Valbo-Jorgensen and Poulsen 2001), habitat (Silvano and
Begossi 2005), and predation (Davis et al. 2004), with few
devoted to the study of fine-scale behaviours. Johannes and
Hviding (2000) described fine-scale movements and behav-
iour of reef fish aggregations from fisher’s knowledge, show-
ing the high degree of detailed information gathered by
fishers and, therefore, the potential of LEK as a valuable
source of knowledge of fine-scale behaviours. However, in
general, few studies examining LEK have applied fine-scale
fish behaviour as Mackinson (2001) did with mesoscale be-
haviour, providing quantitative and qualitative predictions on
the structure, dynamics, and distribution of herring shoals in-
tegrating scientific and local knowledge in a heuristic model.

The objective of this study was to use knowledge acquired
by fishers on the behaviour of fish in order to identify priori-
ties in future scientific behavioural studies. Specifically, we
studied the associative behaviour of tropical tuna schools
around drifting fish aggregating devices (DFADs). This
study case was chosen for two main reasons. First, the origin
of this associative behaviour and its impacts on tuna dynam-
ics are still unknown. Second, this striking behaviour plays a
key role in worldwide tuna fisheries, as about 50% of the
world’s tuna catches come from fish associated with FADs
(Hampton and Bailey 1993; Pianet et al. 2004, 2005). (In
this paper, the term FAD refers to any object floating at the
surface that can attract pelagic fish, such as natural logs or
man-made structures such as buoys and rafts.)

Background and research context

Drifting fish aggregating devices (DFADs)
Pelagic fishes such as skipjack (Katsuwonus pelamis),

yellowfin (Thunnus albacares), and bigeye (Thunnus obesus)
tuna are often found in association with floating objects
(Parin and Fedoryako 1992; Castro et al. 2002). Fishers have
been deploying purpose-built FADs for years to attract and
harvest pelagic fishes. These FADs are often anchored (here
referred to as anchored FADs or AFADs) close to tropical is-
land coastlines to allow the development or maintenance of
artisanal fisheries that can play an important role in local
economies (Fréon and Dagorn 2000). However, the majority
of FADs used worldwide are free-drifting objects, or drifting
FADs (DFADs), exploited by industrial tropical tuna purse-
seine fleets (Fonteneau et al. 2000). Two main types of
DFADs are exploited in purse-seine fisheries. Natural
DFADs are most commonly logs and branches drifting from
coastal areas but also include floating debris of human origin
such as ropes, oil drums, fishing buoys, etc. Man-made (arti-
ficial) floating structures are purpose built and deployed spe-
cifically for the purpose of fishing. Artificial DFADs used in
the western Indian Ocean are often bamboo rafts, with
purse-seine corks to increase strength and floatation (Fig. 1)
and pieces of netting hanging down to act as a drift anchor

and provide hiding places for small associated fishes
(Armstrong and Olivier 1995; Itano et al. 2004). When de-
ploying an artificial DFAD, or when finding a natural
DFAD, fishers attach a radio or satellite-linked transmitting
buoy to monitor its movements and location.

Tuna purse-seine fishery of the western Indian Ocean
Presently, purse-seining for tropical tuna is one of the most

technologically advanced fisheries in the world (Fig. 2). In the
Indian Ocean, tuna purse-seining began in the early 1980s fol-
lowing exploratory fishing by European live-bait pole-and-
line and purse-seine vessels. Purse-seine landings of tuna as-
sociated with natural floating objects accounted for about
50% of the catches in the Indian Ocean in the early 1980s
(Fonteneau 2003). In the second half of the 1980s, radio
buoys were utilized to monitor and relocate DFADs (Moron
et al. 2001). In the late 1990s, global positioning system (GPS)
technology was incorporated into drifting buoys, revolutioniz-
ing purse-seine fishing. Later models of GPS sonar buoys pro-
vide fishing masters with remotely monitored biomass
estimates beneath their DFADs. These tuna purse-seine vessels
are equipped with sophisticated detection and environmental
monitoring technology, such as long-range sonar (6000 m hori-
zontal maximum range), scientific-grade echosounders (600 m
depth), bird-detecting radars (20 km horizontal range), surface
temperature meters, and ADCP (Doppler) current meters. Envi-
ronmental data such as sea surface temperature, surface
currents, productivity estimates, and meteorological data are
obtained via satellite services and are incorporated into fishing
operations. The rapid improvement in marine electronics and
buoy technology over the past 15 years allows for highly effi-
cient purse-seining of tuna on DFADs. In the last 10 years, the
western Indian Ocean (WIO) fishery (Fig. 3) has landed an
average of 225 000 tonnes of tropical tuna per year around
DFADs (Pianet et al. 2005), which corresponds to 50%–70%
of the total purse-seine catch in this region, the highest FAD-
derived percentage observed worldwide (Fonteneau 2003). The
high incidence of DFAD-based fishing makes this fishery ideal
for a study examining fishers’ perceptions on tuna behaviour
and FADs. Tuna landings consist of skipjack, yellowfin, and
bigeye tuna at a proportion of approximately 64.4%, 27%, and
8.6%, respectively (Fonteneau et al. 2007).

Research on FADs
Concerns over targeted DFAD purse-seining are related to

the fact that DFADs tend to attract (i) juvenile as well as
commercially undersized tuna and (ii) nontarget species such
as rainbow runner (Elagatis bipinnulata), dolphinfish
(Coryphaena hippurus), wahoo (Acanthocybium solandri),
rough triggerfish (Canthidermis maculatus), marlins, and
oceanic sharks, mainly silky sharks (Carcharinus
falciformis) (Hampton and Bailey 1993; Hall 1998). Catches
of juvenile bigeye tuna by purse-seine gear are also directly
related to the level of fishing that takes place on drifting ob-
jects such as DFADs. Regional fishery management organi-
zations (RFMOs) and regional research oriented commissions
including the Indian Ocean Tuna Commission (IOTC), Inter-
national Commission for the Conservation of Atlantic Tuna
(ICCAT), Inter-American Tropical Tuna Commission
(IATTC), Western and Central Pacific Fisheries Commission
(WCPFC), and the Secretariat of the Pacific Commission
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Fig. 1. Pictures of artificial drifting fish aggregating devices (DFADs) in the Indian Ocean and global positioning system (GPS) tracking
radio buoy: (a) surface view (©Fadio/IRD-IFREMER/G. Moreno); (b) subsurface view (©Fadio/IRD-IFREMER/M. Taquet).



(SPC) have all called attention to the need for better under-
standing of (i) the effects of the thousands of DFADs in the
oceans on the spatial dynamics and biology of tuna and
(ii) the effects of fishing around DFADs on fish stocks and
pelagic ecosystems. This fundamental knowledge is a key
step towards developing an ecosystem approach to tropical
tuna fisheries management. Mathematical models have at-
tempted to determine the optimum number of FADs and
vessels in purse-seine fisheries (Clark and Mangel 1979;
Samples and Sproul 1985; Hilborn and Medley 1989). How-
ever, these models require information on tuna behaviour
around DFADs such as attraction distance, conditions that
cause fishes to remain associated or abandon DFADs,
schooling strategies of tuna, and influence of DFAD design
on their attractiveness to fish. Unfortunately, accurate data
on these parameters are lacking.

Most of the scientific studies on the behaviour of fishes
around FADs have been conducted on AFADs close to tropi-
cal islands (Dempster and Taquet 2004). Several sonic track-
ing experiments of fishes in relation to AFADs have been
conducted, providing information on movements over tem-
poral scales of a few days (Holland et al. 1990; Brill et al.
1999; Dagorn et al. 2000a). Tracking studies have led to es-
timates of attraction distances of tuna to AFADs (Girard et
al. 2004). More recently, Ohta and Kakuma (2005) and
Dagorn et al. (2007) equipped AFADs with acoustic receiv-
ers to determine tuna residence times around AFADs. Few
studies have addressed the collective behaviour of fishes
around AFADs or the role of the habitat in establishing

AFAD associations (Klimley and Holloway 1999; Josse et
al. 2000; Doray et al. 2006). These studies have contributed
to a better knowledge of tuna behaviour around AFADs, but
scientists still do not know the answers to the two basic
questions: (i) why do tuna associate with FADs? and
(ii) what are the effects of FADs on their behaviour? More-
over, do pelagic fishes treat anchored and drifting FADs dif-
ferently (Holland et al. 1990; Fréon and Dagorn 2000)?
Consequently, because of the present scarcity of studies on
DFADs, information on the behaviour of pelagic fishes at
AFADs can not be directly extrapolated to understanding eco-
logical processes at DFADs. Directed studies on the behav-
iour of tuna associated with DFADs are required. However,
compared with AFADs, which are easily accessible, DFADs
are difficult to access and monitor over time in offshore fish-
ing grounds, which explains why FAD-based research is de-
voted primarily to AFADs (Dempster and Taquet 2004).

Objectives of the study
Given the scarcity of knowledge on fish behaviour around

DFADs and the difficulty in directly conducting research on
DFAD aggregations, the objectives of the present study were
(i) to collect information on fish behaviour based on fishers
knowledge, (ii) to provide an estimate of the number of
DFADs in the Indian Ocean useful for research and fisheries
management, and (iii) to use this knowledge to help prepare
future in situ studies on fish behaviour around DFADs by
prioritizing research topics and reducing the a priori number
of testable hypotheses. More specifically, we examined the
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Fig. 2. Picture of 107 m long purse-seiner operating in western Indian Ocean (©Fadio/IRD-IFREMER/G. Moreno).



attraction, retention, and departure behaviour of tuna associ-
ated with DFADs.

Materials and methods

Identifying experts
To obtain valid LEK data, it is of primary importance to

identify the most appropriate experts to address with well-
researched questions (Johannes et al. 2000). Spanish and
French fishers were the first to develop the WIO purse-seine
fishery and have been exploiting tuna schools found in asso-
ciation with DFADs since the beginning of the fishery in the
early 1980s. Fishing masters of these purse-seiners are
solely in charge of making all of the long-range planning
and short-term decisions onboard concerning where, when,
and how to proceed with fishing operations, selection of
fishing grounds, and direction of all operations during purse-
seine sets. On Spanish purse-seiners, the licensed captain or
navigator is in charge of administrative paper work and

offloading operations and assists in fishing operations but
remains secondary to the fishing master, who directs all fish-
ing operations and the overall vessel movements. The situa-
tion is different on French purse-seiners where both roles are
filled by the same person. The initial goal of the study was
to interview one primary fishing master from each vessel
(n = 45) of the European purse-seine fleet (Spanish and
French) during the study period (2004–2005) to avoid bias
due to differences in age, experience, and vessel technology
(Johnson 1992; Neis et al. 1999). A clear pattern of re-
sponses was reached after covering 75% (n = 34) of the
fleet. Interviews were stopped at this point as it was consid-
ered that a demonstrated “saturation point” had been reached
and the sample size was presumed adequate (Felt 1994; Neis
et al. 1999; Davis and Wagner 2003).

Interview design and strategy
Personal interviews of fishing masters were designed to

gather information on their individual experience at sea
(phase 1) and their knowledge on behaviour of fishes around
DFADs (phase 2). The aim of phase 1 was to gather infor-
mation on experience and reliability, as “Fishers’ knowledge,
like scientists’ is fallible” (Johannes et al. 2000). Within this
initial phase, fishing masters were questioned as to the num-
ber of years they had fished in the Indian Ocean and the
number of years of experience specifically fishing on drift-
ing FADs. Phase 2 of the interview process was devoted to
their perceptions of the behaviour of fishes associated with
drifting FADs, specifically attraction, retention, and depar-
ture behaviours. Other questions related to individual fishing
skills and historical catches were included in order to main-
tain the interest of fishers in the interview process.

Competition between fishing masters in the tropical tuna
purse-seine fishery is very high, resulting in a general reluc-
tance by fishers to share personal fishing knowledge and ex-
periences. Requiring fishing masters to fill out and submit
prepared forms of standardized questions was not considered
because of the lack of interaction and dialogue. Personal in-
terviews with each fishing master were considered the most
appropriate method to achieve the level of confidence neces-
sary to obtain accurate and representative information. Per-
sonal interactive oral interviews were considered essential to
obtaining more precise responses in a collaborative and in-
formal environment. In a typical interview with a fishing
master, the initial answers would be general and descriptive,
requiring the interviewer to encourage the fishing master to
quantify his answers in a more specific manner. Face-to-face
interviews also enhanced communication and cooperation
between scientists and the fishing community. Although in-
terviews were precisely structured with specific objectives in
mind, their format remained informal and conversational to
allow the fishing masters to feel as comfortable as possible.
The interviewers avoided leading questions and never sug-
gested answers, allowing, in principle, a free flow of unbiased
information from the fishers. The identification of new areas
of investigation was an important goal, as it is presumptuous
to assume that scientists know all the important questions and
issues concerning fisheries (Johannes et al. 2000).

To test the quality of a given observation, interviewers
would regularly ask fishing masters, “Why and how do you
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Fig. 3. (a) Location of study area. (b) Enlarged view of area out-
lined in (a) (modified from Pianet et al. 2005) indicating the rela-
tive magnitude and spatial distribution of the main purse seine
fleet catches of tropical tunas taken on DFADs for the average
situation over the period 1999–2003.



know this?”. Only answers that were well supported were
considered, discarding replies not accompanied by a proper
line of reasoning. The explanations advanced as justification
to the initial observation were not considered in our analy-
ses. Although observations may be clear and concise, the
conclusions drawn from them may not be accurate (Johannes
1993). Fishing masters were also instructed to decline an-
swering any questions that might be considered strategically
or operationally sensitive, rather than provide misinforma-
tion on the subject.

Interviews were conducted onboard purse-seine vessels in
Victoria Port, Seychelles, during 2004 and 2005. To main-
tain consistency throughout the interviews and to develop
confidence within the fleets, a Spanish scientist (G. Moreno)
conducted all the interviews of Spanish fishing masters and
a French scientist (L. Dagorn) conducted the interviews of
French fishing masters.

Results

A total of 34 interviews of Spanish and French fishing
masters of tuna purse-seiners in the western Indian Ocean
were conducted in 2004 and 2005, covering 75% of the Euro-
pean fleet. Interviewed fishing masters had an average of
14 years of individual fishing experience in the Indian Ocean
(standard deviation of 6 years, maximum of 26 years). The
accumulated time spent at sea in the western Indian Ocean,
calculated by adding all interviewed fishing master’s years at
sea and removing the time each fishing master spent on land,
added up to 293 man-years. Our sample included fishing
masters (n = 14) that had been active in the fishery in the
1980s, when only natural DFADs (mostly logs) were ex-
ploited, before fishers started in the early 1990s to deploy
their own artificial DFADs. These fishing masters lived
through the evolution of the DFAD fishery, potentially al-
lowing the identification of changes in fish behaviour related
to the increasing number of DFADs in the western Indian
Ocean.

The total number of responses for each question did not
always equal the total number of fishing master interviews,
because some fishing masters did not answer every question.
Also fishing masters often provided multiple answers to
open-ended questions (average number of answers per ques-
tion was 3.8; standard deviation 1.7), as no specific answers
were suggested by the interviewers.

Number of DFADs in the western Indian Ocean
We asked each fishing master how many active buoy-

equipped DFADs (radio- or satellite-transmitting) they have
in operation on a daily basis. When we had no interview
data for a given vessel, we used the mean number of buoys
deployed by other vessels of the same fishing company. At
the time of the interviews, there were seven Spanish compa-
nies with 30 vessels and one French company with 15 ves-
sels operating in the western Indian Ocean. It is important to
note that most of the Spanish vessels share DFADs with
other vessels of their company, which allowed checking the
reliability of the number of buoys estimated by each fishing
master. The estimated total number of actively monitored
DFADs in the western Indian Ocean was approximately
2100 drifting objects at any given time. This number is a

highly dynamic estimate as FADs can sink or be stolen by
other purse-seiners, plus fishers regularly seed new artificial
FADs and find natural FADs that are marked with buoys. As
an anecdote, one of the most successful fishing masters with
the highest catches in the fleet, and identified by other fish-
ing masters as the most knowledgeable, provided an esti-
mated average of 2500 active buoys for the whole European
fleet at a given time, suggesting the validity of the magni-
tude of our estimate.

Attraction behaviour
Detailed answers from fishers to the questions related to the

attraction behaviour of tuna to FADs are presented in Table 1.
The attraction distance of a DFAD (the distance at which a
school of tuna is attracted to a FAD) is estimated by fishers
in an empirical way, usually by spotting a tuna school at
some distance from an unpopulated FAD (where they have
not seen any tuna) and, a few hours later, finding what they
presume to be the same school aggregated under the FAD.
Also, fishers on occasion observe tuna schools escaping
from a set and, while tracking the school, observe tuna ori-
entating directly towards a FAD located a certain distance
away. The majority of fishers (48%) believe that the attraction
distance of tuna to FADs is between 2 and 5 nautical miles
(n.mi) (1 n.mi = 1852 m), while other fishing masters (35%)
proposed between 0 and 2 n.mi. A few (9%) suggested dis-
tances greater than 5 n.mi, while others (6.4%) indicated that
the distance can vary between tuna species or by area.

The majority of fishers (50%) indicated that natural
DFADs such as logs attract more tuna than man-made ob-
jects, but a third of the fishing masters (32%) consider that
there is no discernable effect of the FAD type on their
aggregative success.
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Attraction behaviour

Response %a

Radius of attraction to drifting 0–2 nm 35.5 (11)
FADs 2–5 nm 48.4 (15)

>5 nm 9.7 (3)
Species dependent 3.2 (1)
Area dependent 3.2 (1)

Type of drifting FAD attracting Man-made 17.6 (6)
or aggregating more tuna Natural 50.0 (17)

Any 32.4 (11)

FADs with only tuna aggregated Never 56.3 (18)
Rare 43.7 (14)

Time needed for non-tuna species 1 week 53.8 (7)
to aggregate around a DFAD 2–3 weeks 38.5 (5)

4 weeks 7.7 (1)

Time needed for tuna to aggre-
gate around a DFAD

Not time
dependent

45.4 (10)

2 weeks 9.1 (2)
1 month 36.4 (8)
>1 month 9.1 (2)

aNumber of observations in parentheses.

Table 1. Fishers’ answers related to the attraction behaviour of
tuna to DFADs.



It is rare to observe tuna aggregations around FADs with-
out the presence of other non-tuna (bycatch) species, such as
rainbow runner, dolphinfish, wahoo, rough triggerfish, and
silky sharks. A total of 56% of the fishers never observed
tuna without other species around FADs, and 44% reported
that they rarely observe this situation.

When asking about the length of time necessary for a new
DFAD to be colonized by fishes, the fishers distinguished
between tuna and other species. Non-tuna species seem to
begin aggregating to DFADs a short time after deployment
(one week, 54% of the answers), and almost all fishers
(92%) consider that DFADs are colonized by non-tuna spe-
cies within 1–3 weeks. The answers concerning tuna species
were more variable. The majority of fishers (45%) consider
that the time to form an aggregation of tuna under a DFAD
is influenced by many environmental factors and therefore
cannot be simply predicted. A large number of fishing mas-
ters (36%) considered that it usually takes a minimum of
1 month for a DFAD to aggregate tuna, and a few fishers be-
lieved that tuna colonize FADs after 2 weeks (9%) or after
periods longer than a month (9%).

Retention behaviour
The question regarding the residence time of tuna and

other species at DFADs received no response from inter-
viewed fishing masters. Answers to other questions on the
retention behaviour are also shown (Table 2). A clear major-
ity of fishers (93%) reported that multiple discrete schools
of tuna are usually observed around a single DFAD, instead
of a single large school. They believed multiple schools of
tuna are segregated only by species (50%) or by both species
and size (36%). A few fishing masters (7%) indicated that
the order of arrival at the FAD of different discrete schools
is responsible for the segregation of schools, and a very
small percentage of answers indicated that schools are segre-
gated only by size of tuna (3.6%) or are influenced by the
time of day (3.6%).

All fishers clearly indicated that the start time of fishing
operations around DFADs in the western Indian Ocean has
changed through the years. When the DFAD fishery started
in the 1980s, fishers believed that tuna were more abundant
around FADs early in the morning. Consequently, they were
mainly setting their nets at sunrise. Currently, they success-

fully set on DFADs throughout the day. Most fishing mas-
ters explained that in specific zones, through the use of so-
nar and echosounders or with binoculars, they commonly
observe tuna schools arriving at FADs some hours after the
sunrise. This behaviour was not noted 20 years ago.

Departure behaviour
According to fishers, departures of tuna schools from

FADs are correlated with changes in currents or FAD drift
trajectory (36%), when DFADs drift over shallow areas
(20%) such as the Seychellois Plateau (mean depth 50 m,
maximum 75 m), or the appearance of marine mammal
predators (20%) on the FAD (Table 3). Regarding the pres-
ence of marine mammals, a majority of fishing masters
pointed out that dolphins, porpoises, and whales do not nec-
essarily cause a permanent departure of tuna from the FAD,
but are usually responsible for a temporary disturbance re-
sulting in a short-term departure, especially for those tuna
schools that are strongly associated with the DFAD. Fishing
masters believe that tuna schools need some time to associ-
ate themselves to a certain DFAD and that marine mammals
can cause a definitive departure of tuna schools that have re-
cently arrived at a DFAD. Change in sea surface temperature
was also identified as an important factor causing tuna to
leave FADs (18%) and was clearly identified by fishing mas-
ters as an independent factor from changes in FAD trajectory
or currents. Finally, other explanations for tuna departure
from DFADs included a lack of trophic resources (2%), ex-
cessively large-sized aggregation (2%), and storms (2%).

Discussion

Number of DFADs in the western Indian Ocean
This study is the first known published estimate of the

number of active DFADs deployed in the western Indian
Ocean, which precludes the comparison with other studies to
determine the temporal evolution of their numbers. However,
it is known that before the 1990s, the fishery was only ex-
ploiting natural FADs found drifting in the open ocean,
which are still exploited today. Because of present methods
of construction and seeding of artificial FADs, the total
number of DFADs is likely to be much higher than 20 years
ago. Having an estimate of the daily number of FADs used
by the fishery is critical to studying the impact of different
fishing strategies, calculating effective fishing effort, and
modelling the effects of FADs on fish behaviour. DFADs are
not evenly distributed in the western Indian Ocean, but are
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Retention behaviour

Response %a

No. of shoals or schools of tuna One 6.9 (2)
that form a DFAD aggregation Multiple 93.1 (27)

Organization into different shoals Species 50.0 (14)
Size 3.6 (1)
Both species

and size
35.7 (10)

Order of arrival 7.1 (2)
Time of day 3.6 (1)

Has the time of day for FAD Yes 100 (21)
fishing changed? No 0
aNumber of observations in parentheses.

Table 2. Fishers’ answers related to the retention behaviour of
tuna around DFADs.

Departure behaviour

Response %a

Reasons for tuna to Current or trajectory change 36 (18)
leave a DFAD Lack of trophic resources 2 (1)

Presence of marine mammals 20 (10)
Temperature 18 (9)
Excessively large-sized aggregation 2 (1)
Continental platform 20 (10)
Storms 2 (1)

aNumber of observations in parentheses.

Table 3. Fishers’ answers related to the departure behaviour of
tuna from DFADs.



influenced by their initial seeding location and subsequently
by surface current patterns, which will affect the number of
FADs found at any given time. Monitoring the future evolu-
tion of the number of FADs at sea should be a part of inter-
national projects in order to study their impact on fish
communities and interpret any observed changes in fish be-
haviours and spatial dynamics.

Attraction behaviour
Most of the interviewed fishers believe the attraction dis-

tance of tuna to FADs varies from 0 to 5 n.mi (almost
10 km). From sonic tracking experiments conducted around
AFADs, Girard et al. (2004) identified that yellowfin tuna
are able to orient towards anchored FADs at a range of 4–
19 km. Fishers with no prior knowledge of attraction dis-
tance to AFADs provided similar attraction distances to
DFADs. The variability of attraction distance from Girard et
al. (2004) is also evident in the answers from fishers. They
indicated that attraction distance could depend on the area
and local productivity, implying possible effects of different
environmental conditions affecting the propagation of acous-
tic and olfactory signals emitted by FADs, which could be
employed by tuna during their orientation behaviour towards
the FADs. Specific scientific tracking experiments need to
be performed on tuna around DFADs, similar to what has
been done on AFADs (Holland et al. 1990; Brill et al. 1999;
Dagorn et al. 2000a). Unfortunately, such operations in off-
shore waters will be much more complicated and costly than
at nearshore AFADs, where small vessels can be safely used.
However, fisher’s answers suggest to researchers that
DFADs might have similar attraction distances compared
with AFADs. It has been proposed that AFADs can more
easily attract tuna because of the sounds produced by their
anchoring chains or the influence of current on the mooring
ropes (Fréon and Dagorn 2000), but our results suggest that
DFADs can also attract tuna from considerable distances
without these structures (DFADs without subsurface struc-
tures are also productive). This implies that structure or de-
sign of FADs might not play a key role in determining
attraction processes, and therefore it is likely that the fish
aggregations around DFADs may play a very important role
in attracting tuna schools (Itano et al. 2004).

Half (50%) of the fishing masters consider natural floating
objects (mainly logs) as the best platforms to aggregate fish.
It is difficult to know if the perceived higher efficiency of
natural DFADs is due to their morphological characteristics
or their length of deployment and movements related to
oceanographic features. A high percentage of fishers (32%)
think that there is little difference between natural and artifi-
cial DFADs in their ability to aggregate fish. In AFAD stud-
ies, structure size and vertical profile were found as the most
significant factors for attracting non-tuna species, but no ma-
jor characteristic of AFADs has explained the attraction of
tuna species (Rountree 1989; Hall et al. 1992; Nelson 2003).
Natural DFAD history may be a more relevant factor explain-
ing their possible higher efficiency. They originate in forested
coastal zones and usually spend several months at sea before
arriving in the fishing grounds, whereas fishers typically de-
ploy artificial FADs in or near the fishing grounds only a few
weeks before starting their fishing operation.

Taquet (2004) observed that the first organisms to colo-
nize the DFADs (a few hours after deployment) were small
juvenile fishes of several non-tuna species, usually found
hiding in the floating structure. A few days later, larger
fishes such as dolphinfish colonized the FADs, but tuna have
never been observed in these initial colonization stages (Nel-
son 2003). The time needed for a FAD to be colonized by
non-tuna species seems to be relatively short, whereas the
time to aggregate tuna is considerably longer. We hypothe-
size that the colonization process of FADs by different pe-
lagic fish species plays an important role on their ability to
attract tuna schools. In agreement with this hypothesis, fish-
ers clearly indicated that tuna are never found as the sole
species aggregated around FADs. The few fishers who said
that tuna are occasionally observed alone at FADs explained
that these rare events correspond to moving tuna schools that
briefly visit a “virgin” FAD that has not yet been colonized
by other species. According to fishers, these tuna schools are
likely to remain for very short periods at these virgin FADs.
Non-tuna species likely influence the attraction and retention
behaviours of tuna at FADs, and some of these non-tuna spe-
cies could first be attracted and retained because of the spe-
cific design of the FAD.

The species composition of fish aggregations could also
influence the attraction and retention processes of tuna.
Fishers report that rough triggerfish play a key role in the at-
traction of tuna, as this species makes a lot of noise. Behav-
ioural studies of tuna around AFADs mostly observed the
movement of individually tagged fish (Holland et al. 1990;
Brill et al. 1999; Dagorn et al. 2000a), collecting some in-
formation on the physical oceanography around the FADs.
The characteristics of the forage community around FADs
have been acoustically observed on a few occasions (Josse et
al. 1998; Dagorn et al. 2000b; Doray 2006). Future behav-
ioural studies should therefore consider the role of species
composition and biomass of fish aggregations (including
tuna and non-tuna species) around DFADs to better interpret
observations of tuna attraction and retention behaviours. Ex-
periments to determine if some specific signals are used by
tuna to locate FADs should be developed, thus combining
physiology and in situ behaviour.

Retention behaviour

Tuna aggregation structure
Scientists working with catch data from purse-seiners usu-

ally consider that the catch from a single purse-seine set cor-
responds to a single school of tuna (Fréon and Misund 1999)
and that FAD aggregations are characterized by mixed-
species schools of different tuna species (Hallier and Parajua
1992a). As several distinct schools of tuna can be caught to-
gether around a FAD and become mixed in the net, it is not
possible to use catch data to determine tuna school charac-
teristics at DFADs. Most fishers in this study believe that
tuna aggregations around DFADs usually consist of several
distinct schools of different tuna species, based on visual
and sonar observations before setting the purse-seine net.
Some of them also suggested that distinct schools of the
same species can occur around the same FAD, segregated by
size or by their initial time of aggregating to the FAD.
Therefore, the idea that a single, mixed-species school of
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tuna occurs around FADs seems unlikely. Schaefer and
Fuller (2005) observed both directional correspondence and
directional separation within bigeye and skipjack pairs of in-
dividuals monitored by ultrasonic telemetry while in associ-
ation with an AFAD and with a drifting vessel, suggesting
both possible cases, i.e., bigeye and skipjack tuna schooling
together and independent schools.

Tuna school characteristics around DFADs should be fur-
ther investigated by researchers using vessels equipped with
sonar to track school movements and scientific echosounders
to identify specific composition of the schools, in addition to
visual surveys by divers. If distinct tuna schools occur
around FADs, it is still unknown if exchanges of individuals
between schools occur. The use of acoustic tags could help
investigate if FADs are places where schools exchange indi-
vidual tuna.

Diel dynamics of tuna around DFADs
Fishing time around DFADs has changed in recent years:

while fishers originally made sets early in the morning, cur-
rently they have changed their fishing practices and set nets
throughout the day. Is this the result of a change in fish be-
haviour or in fishers’ knowledge? An analogy with scientific
knowledge can provide some valuable inputs to this topic.
After the first sonic tracking experiments on tuna around
AFADs (Holland et al. 1990), it was believed that tuna
would stay at anchored FADs during daytime and would
perform excursions away from FADs at night. Information
from logbooks of purse-seiners suggested that the behaviour
around DFADs was the reverse: fish would remain around
drifting FADs during nighttime and would leave FADs dur-
ing the day (Holland et al. 1990; Hallier and Parajua 1992b).
When scientists started to collect more data on behaviour of
tuna around anchored FADs, they found different patterns
(Holland 1996; Dagorn et al. 2000a). Purse-seiners began to
use long-range sonars a few years ago. These devices allow
them to observe tuna schools that could be thousands of
metres away from the FAD but not visually detectable with
binoculars. The use of these sonars likely has improved the
ability of fishers to locate and track tuna schools in proxim-
ity to FADs. It should be noted that in other tropical regions,
such as in the western and central Pacific Ocean, FAD-
related purse-seining takes place before dawn and only free
school fishing is carried out throughout the day. This is not
because tuna are not present on FADs throughout the day,
but because the clarity of the water and the depth of the
thermocline allow easy escape of tuna before the net can be
pursed close (Habib 1984; Doulman 1987). In the eastern
Pacific Ocean, setting during daytime does occur success-
fully as in the western Indian Ocean, as both areas are char-
acterized by a shallow thermocline and relatively lower
water clarity as a result of productivity.

Future studies aiming at resolving diel fine-scale behav-
iours of tuna around DFADs should combine observations of
schools with sonars and echosounders while tracking indi-
vidual acoustically tagged fish.

Time residency of tuna around DFADs
Fishers usually visit FADs for a short period of time. If

they find associated tuna, they set their net, and if there are
no tuna present, they simply leave in search of other FADs.

On rare occasions, they remain for a few hours in the vicin-
ity of an empty FAD (overnight for instance) waiting for
tuna schools to approach, but they never remain more than a
day at an unproductive FAD. Although they do not have di-
rect knowledge or experience concerning the amount of time
that tuna spend associated with the FADs, indirectly, they
provided some interesting information on factors that could
help our understanding of residence time. They suggested that
several distinct schools of the same species can occur around
the same FAD, and a few of them advanced a theory of
school segregation by the time of arrival at the FAD. If segre-
gation by arrival order occurs, then the history of each school
may determine their residence time and keep it distinct from
other schools owing to, for instance, foraging differences.
Dagorn et al. (2007), studying spatial behaviour of tuna in a
network of AFADs, suggest that FAD-associated tuna aggre-
gations are composed of subgroups that might have different
physiological states determining their residence time.

Residence time clearly needs to be addressed by future re-
search projects. To assess the effects of FADs on the behav-
iour of tuna (e.g., movements, spatial distribution, etc.), a
key parameter to measure is the time fish spend associated
with FADs. Ohta and Kakuma (2005) and Dagorn et al.
(2007) used acoustic tags and listening stations attached to
AFADs to measure the residence time of yellowfin and
bigeye tuna around anchored, nearshore FADs in Japan and
Hawaii, respectively. From both studies, association of
yellowfin and bigeye tuna was on the order of a few days, up
to a maximum of 64 days. The variability of these values
could not be explained, although it seems that abiotic factors
were not responsible. More studies (using acoustic tags and
receivers) are clearly needed to measure time residency of
tuna and other species around anchored and drifting FADs,
as this parameter is very important in assessing the impacts
of deployment of thousands of FADs on the vulnerability
and spatial dynamics of these species.

Departure behaviour
The majority of fishers believe that a change in the speed

or direction of a DFAD can cause fish to depart. Other fac-
tors mentioned included marine mammal predators or drift
over the shallow Seychellois Plateau. A change in the FAD
drifting speed or direction would be indicative of a change
of the water mass, which could affect oceanographic condi-
tions surrounding the FAD. Researchers have little informa-
tion on the causes or conditions under which tuna leave
FADs. Researchers have generated multiple hypotheses to
explain why fish associate with FADs (Fréon and Dagorn
2000; Castro et al. 2002), but none to explain why fish leave.
This knowledge could provide a clue about the initial rea-
sons that lead tuna to associate with a FAD. For fishery
management purposes, it may be more useful to understand
when and why fish leave a FAD, rather than why they aggre-
gate. Future research should focus on the consequences of
DFADs subjected to rapid changes in drifting speeds or
directions that can be remotely monitored by radio- or
satellite-linked buoys and on the consequences of local
marine mammal presence on DFAD aggregations. Studying
departure processes will require the use of instrumented
FADs for long periods to measure tuna biomass and environ-
mental conditions.
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Future research considerations
As recommended by various experts (Le Gall et al. 2000),

including the existing regional fishery management organi-
zations (IOTC, ICCAT, IATTC, WCPFC), improved and ex-
panded knowledge on the behaviour of tuna aggregations on
DFADs is required to improve management measures on
tropical tuna populations. Catches around DFADs have be-
come so important during the last decade that researchers
must determine the impacts of FADs on tuna behaviour and
associated species. Development of experiments in the open
ocean to study the behaviour of pelagic tuna around drifting
FADs is a priority. Such studies are time-consuming and ex-
pensive. Therefore, research priorities should be determined,
and when possible, existent hypotheses should be critically
examined and ranked. Interviewing fishing masters of the
European tuna purse-seine fleets working in the western In-
dian Ocean provided an alternate, independent, and previ-
ously unutilized source of behavioural information on tuna
around DFADs. A great deal of the information given by
fishers is in agreement with scientific hypotheses obtained
from research activities related to AFADs (i.e., attraction
distance to FADs). In this case, conducting experiments at
sea might not be an initial priority, as the agreement between
estimates from fishers and research on AFADs suggests the
validity of both. On the other hand, fishers provided infor-
mation that was previously unknown to science, such as pos-
sible reasons why fish may leave a FAD. We compare the
main information provided by fishers with those known by
scientists, with suggestion for future research (Table 4).

Calheiros et al. (2000) noted that involvement of the par-
ticipants (fishers in this case) in research efforts invests them
in the process and makes them more likely to accept result-
ing management and policy changes. Moreover, working in
close association with fishers could assist in the timely iden-
tification of behavioural changes in fish, which could be in-
dicators of changes in the population size or the
environment. Incorporating fishers into the planning and de-
sign stages of research projects facilitates collaborative and
integrated approaches and can lead researchers toward new
and exciting areas of study. Fishers then become active and
recognized participants in research while acknowledging
their years of experience with the credibility it deserves.
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