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Abstract 

This paper discusses the hypothesis that small tunas and the various 
species found in association wi th drifting FADs (such as "mahi -mahi", 
rainbow runner, wahoo, ete.) may be biologically trapped by such a 
strong association. Massive seeding of drifting artificial FADs was 
observed worldwide dming recent years. In this hypothesis, we suggest 
that FADs may alter some biological characteristics of epipelagic popu
lations associated with them: migration, growth, condition £1.ctors, pre
dation and natural mortality. As FADs are most often used in the equa
torial currents, they tend to exhibit zonal drift. Therefore, the associated 
populations would be artificially transferred from one part of the ocean 
to another, when they would show different movement patterns in the 
absence of FADs. Natural logs were probably beneficial in terms of eco
logy and evolution, because they tend to accumulate in convergence areas, 
most often considered as rich forage areas. Now, FADs are seeded in off
shore areas, which are not necessarily favourable for tuna feeding. This 
apparently strong association between fishes and drifting FADs may then 
produce an unexpected biological impact on tuna populations and their 
associated fauna. The plan is to test this hypothesis in the Atlantic, 
developing an cId hoc research programme based on tagging, biological 
and physiological studies, in association to an analysis of high resolution 
fishery data before and after the development of the FAD fishery. 

Introduction 

Purse seine fishing on floating objects started in the Philippines during 
the late sixties. Networks of anchored rafts, dubbed payaos, had been 
deployed and were exploited by a tuna handline fishery. Some seiners 
started fishing operations around these FADs. This fishing mode turned 
to be very efficient and resulted in a drastic increase of catch during the 
following years. In 1972, more than 160000 t of tuna were captured around 
payaos (Marcille & BmH', 1981). 
The use of drifting FADs in the purse seine fisheries is more recent: it 
has been initiated in the early eighties, during experimental surveys 
conducted by the Japanese organisation Jam arc in the Indian Ocean 
(Takahashi et cd., 1988; Watanabe et a!., 1988). Purse seiners had already 
taken advantage of the tuna aggregation around natural logs, first in 
the Eastern Pacific and Atlantic, and later in the Western Pacific and 
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Figure 1 
Average sizes of tunas, 
yellowfin (YFT), skipjack (SI<J) 
and big eye (BET) 
(in numbers) taken under 
FADs (worldwide average, 
recent years). 
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in the Indian Ocean. From Japanese surveys in the Indian Ocean, it was 
considered that the number of natural logs drifting in the fishery was 
not important enough to maintain this type of fishing for a large fleet. 
Therefore, the deployment of man-made rafts of different types (payao 
type, steel frames, wood fi'ames, bamboos) was tested and studied as a 
response to this issue. The conclusions of these studies, along with 
other trials undertaken by the purse seine fleets, were satisfactory 
enough to introduce this new fishing method in the purse seine and 
baitboat fisheries. In the early nineties, this mutation was accomplished 
and the production using this technique took off and came in first 
position, ahead of the conventional fishing method on unassociated 
(free swimming) schools (Fonteneau et et!., 2000b). 
In that way, fishing on PAD is a method enhancing the catchability of 
tuna stocks. Recently, observations on the decreasing size of tunas caught 
with PADs in the Atlantic focused the attention to the possibility that the 
aggregation of juvenile tunas under these PADs would be detrimental to 
some biological characteristics of the associated fishes, due to their 
great number deployed by the fishery. This hypothesis is a new way of 
seeing the impact of FADs with a number of potential consequences on 
the tuna populations. In this paper, important facts on PAD fishing are 
recalled and discussed with respect to this hypothesis. 

Some facts on the association between tunas and floating objects 

Drifting FAD fishing is now developed worldwide and is catching 
yearly over one million tons of tunas (Fonteneau et a!., 2(00). When 
analysing the sizes of tunas caught by the different fisheries, it is striking 
to see the great similarity of the observations, suggesting that the 
underlying aggregation process is controlled by behavioural and 
physiological rules (fig. 1). 
Several hypotheses were proposed to explain the aggregation on flot
sam (Freon & Misund, 1999). Among these, the "meeting-point hypo
thesis" states that a FAD enhances the formation of large schools, either 
from individuals or from small schools. A fish joining a greater group 
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will increase its probability of survival, until an optimal size is reached 
(Pitcher, 1986). Schooling process occurs mainly for species of similar sizes, 
which share the same habitat, have to bce the same feeding requirements 
or share the same threats from the predators. 
Tunas aggregated around FADs are mostly small size fishes (less than 
70 cm). Adult yel!owfin arc also found around FADs, which produce a 
significant mode in weight, at J 20-130 cm FL. Conversely, adult bigeye 
remain in the deep, and arc less vulnerable to surfllCe gears. Superimposing 
the size distributions (in numbers) of the three species exploited by the 
purse seiners, brings out a striking mode at 46 cm (fig. 1). Acoustic 
observations show a peculiar vertical distribution of tunas under a FAD, 
with small individuals of different species in the upper layer and large 
individuals scattered in the deeper layer (Cayre & Marsac, 1993; Josse et 
Cl!., 1999). The vulnerable fraction of this biomass to the gears is predo
minantly skipjack (58% of the catch, worldwide average 1994-1998, 
\'I(1est Pacific excluded) and juvenile of yellowfin (27%) and bigeye (15%). 

Artificial FADs and natural logs: a different oceanic distribution 

An example is given from the East Atlantic surface fishery. Sets on 
natural logs and on unassociated schools showed distinct geographic 
distributions in the late seventies. Unassociated schools (fig 2b) were 
more abundant offshore (south of Equator), whilst the distribution of 
the natural logs reflected the physical properties of the environment, 
namely the proximity of great river mouths and the surface current 
pattern (fig. 2a). Various floating debris (bamboo packs, groups of 
branches, wooden logs) are washed up at sea by large rivers flowing 
across the equatorial forests (especially the Congo river), running into 
the Gulf of Guinea between SON and 50 S. The circulation of surface 
waters in the Gulf of Guinea is rather complex, with numerous small
scale vortex well described by drifting buoys (Piton & Kartavtseff, 
1986). The eastern part of the Gulf of Guinea is therefore considered 
as a retention zone trapping drifting debris, which is enriched by sea
sonal coastal upwellings from July to September. The Lopez Cape used 
to be a productive fishing ground for the purse seine fishery during the 
seventies and the eighties. lots of sets on natural drifting objects have 
been reported, producing more than 23% of the catch (Cayre et et!. , 1988). 
In Ivory Coast and Ghana, biological production is also enhanced by 
upwelling, and the proportion oflog catches amounted ro 18% during 
the eighties. Offshore (0° to SON, 10°\'1(1 to 20°\'1(1), a westward pro
pagating eddy system generates a retention area where logs can be 
transported and trapped. In the 80s, the catch on natural objects reached 
18.5% of the catch in this region which is enriched seasonally by waters 
advected from the equatorial upwelling (Menkes et Cl!., 1998). On the 
overall, natural logs tend to drift towards biologically productive areas. 
Conversely, very few natural logs were observed or fished in the offshore 
equatorial area, when unassociated schools were already fished in great 
numbers in this area. 
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Figure 2 
Cornparative distribution 
of purse seine sets 
in two different periods 
of the fishery: 1976-1982 
on natural logs (a) and 
unassociated schools (b); 
1995·1996 on FADs (c) and 
unassociated schools (d). 
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In recent years, the distributions of FADs sets (i1g. 2c) and free-swimming 
schools sets (fjg. 2d) are very similar as the FAD fishing type has been 
developed offshore. Compared to the historical period, the artificial 
FADs concentrate high tUlla biomass in nOll-conventional offshore areas, 
that are generally less productive ecosystems than the coastal ones. 
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An hypothesis based on a trapping effect of the FADs 

The hypothesis of the FADs acting as an ecological trap is discussed in 
three related steps: 
HI: the aggregation of small tunas under FADs is a fast, strong and long
lasting process; 
H2: the large numbers of drifting FADs in the equatorial zone can alter 
the natural movements of this fraction of the tuna stocks; 
H3: subsequently, drifting FADs affect negatively the growth and the 
natural mortality of small tunas which remain associated with FADs. 

A fast, strong and long-lasting association 
Experimental i1shing surveys using FADs have shown a quick response 
of tuna schools in the aggregation. In the Eastern Indian Ocean, the 
Jamarc estimated significant amount of tuna (several tons, allowing a 
purse seine set) 7 days after deployment of the FADs (Watanabe et d., 1988). 
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In the Atlantic, Bard et It!. (1985) reported that a FAD had attracted a 
tuna school during the first hour i(lllowing the deployment, and several 
of these 11ADs were colonised by tunas within one week. 
It was also noted that the baitboat fishery operating in Senegal is exploi
ting schools that arc concentrated during very long periods of time (seve
ral months) uncler the boats (Hallier et et!., 1(98). Tagging undertaken 
in the 1v1AC I programme has shown that the diHerent species (skipjack, 
yellowfin, bigeye) associated with the "FAD-vessel" remain in similar 
proportions with time .. Moreover, some observations suggest that the 
fidelity of the fishes to the "MD-vessel" could be quite high. Most of the 
fishes tagged are recaptured several weeks later by the boat from which 
the fishes were released, and very iew tag returns are recorded in the 
proximate purse seine fishery (20 miles away; Hallier, pers. comm.). 
Tagging and recapture at the same FAD by the same vessel is a remar
kable event, which has been observed for juvenile yellowfin during 
experimental cruises by the JAMARC in the Indian Ocean (Takahashi 
el al., 1(88). Results are summarised in table 1: the drift speed has been 
estimated around 0.4 to 0.6 knot for fishes recaptured after a maximum 
of 10 days at liberty. This speed estimate is consistent with the current 
drift (Equatorial Counter-Current) in the area studied (Central Indian 
Ocean). Two other fishes were recaptured after respectively 36 and 
90 days. There is no evidence of a close and permanent association of 
the fish with the same object during the period at liberty. However, such 
results suggest that tunas did not undertake large oceanic movements as 
usually expected. 

Table 1 - Tagging and recapture at the same FAD by the purse seinel' Nippon Maru of the Jamarc, 
in the Indian Ocean (Takahashi et aI., 1988). 
Tagging-recapture Distance (nm) Duration (days) Drift speed (knot) Size of fish (cm) 

Feb. 16-18, 1988 29 2 0.6 52 

Dee. 25-31, 1986 72 6 0.5 54 

Feb. 4-12, 1987 77 8 0.4 50 

Jan. 27-feb. 6, 1987 144 10 0.6 51 

36 52 

Dee. 27, 1987-Mar. 27,1988 90 54 

Hampton & Bailey (1999) reported a tagging experiment carried out 
on a single log in the \'l(!estern Pacific, demonstrating the dispersal of 
tuna from the log association after a few days. However, using a large 
tag-and-release data set for different types of association, the same 
authors acknowledge that the large movements exhibited by skipjack 
tagged at logs could be due to the association with the original log or 
with other logs that are drifting along substantial distances with the 
current. 

I. MAC: research programme "Mattes Associees aux Canlleurs" (tuna schools associated to 
baitboats) developed in Senegal between 1995 and 1999 by various Senegalese, Mauritanian 
and French research institutions. 
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Addressing the question of the FAD trapping eflcct on a long-term basis 
does nO!: necessarily requires a long-lasting association to a single object. 
In fact, we consider that tunas may be trapped within oceanic areas cha
racterised by high densi ties of FADs. Already, sign i ficant changes of spe
cies composition of tuna schools have been noticed: the number of mixed
species Ii'ee schools which were fished in rhe 1980s have heen reduced 
drastically in the recent years. Almost all the mixed-species schools are 
now observed in association with FADs (Fonteneau et al., 2000b). 
The observations above reported are not sufTicient enough to validate a 
long-term association within a network of drifting objects. The fidelity 
of fish to logs or FADs has to be investigated using rid hoc methods. 

A modification of the natural movements 
Large numbers of FADs are presently released at sea. In 1998, it has been 
estimated that an overall 3 000 rafts equipped with radio-beacons was 
monitored by the European purse seine fleets operating in the East 
Atlantic from Abidjan (Menarcl et Cl!., in press). Other tuna fleets in 
Ghana (baitboats and purse seiners) are also using large numbers of 
artificial FADs (Bannerman, pers. comm.), so this number is likely ro 
be underestimated. As shown earlier, the deployments are made in the 
offshore zones, along the equator, characterised by a westward transport 
(South Equatorial Current). Therefore, the tunas trapped at FADs in the 
east would drift zonally (to the west), \vhereas the trophic migrations 
are oriented poleward. In the example of the skipjack, the ICCAT inter
national Skipjack Year Programme, in the early eighties, has revealed 
seasonal migrations from the Guinea Gulf to the more productive areas 
of Senegal (to the north) and Angola (to the south). If juvenile tunas 
remain trapped in the Equatorial network of FADs, they may show less 
migrations to the productive coastal areas which were an important 
component of their evolutionary and recent life cycle. Similar consequences 
might be expected for some species of the fauna \vhich are associated 
to the FADs among tunas, sllch as "mahi-mahi" (COIJiJ/JClenCl hijJjmJ'lIJ) 
(Taquet et cll., 2(00), rainbow runner (Ele/gcllis bijJiI71l1t/CltCl), wahoo (g. 
ACClIJtiJo(ybill1l1 and ScolllberOIllOl'lls) and some species of sharks (Cemhcl
rillllS jdciforllliJ and C. IOllgillielllllJ). 
The two major points above mentioned were tested from the catch and 
effort data set of the purse seine fishery for the period 1969-1998: 
• Westward extension of the purse seine fishing grounds 
Prior to 1991, the purse seine catches in the equatorial region were essen
tially distributed east of the longitude 200W (fig. 3a). Considering 
the area 00-200W/5°N-50S, the species composition was dominated by 
large yellowfin south of the equator. The only significant proportion 
of skipjack in the catch was found south of Liberia (l00\'i(!-200W) in 
relation to natural logs sets. After 1991, the fishing area stretches out 
as far as 300W and the species composition east of 200W includes a 
greater proportion of skip jack and bigeye than in the previous period 
(fig. 3b). The increase of these two species in the catch is a consequence 
of the fishing activity on FADs. 
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Figure 3 
Geographic distribution 
of the catch (with species 
breal<down) in 1980-1990 
(a), since the development 
of the FAD fishery (b), and 
corresponding CPUES 
in east and west areas 
of 20"W (c). 
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Time series of CPUEs for 1969-1998 are presented in figure 3c to 
compare the trends east and west of200W. The development of the FAD 

fishery in the early 1990s was followed by an increase of the CPUE in 
both areas; this increase showed a higher magnitude west of 20°\)(1. 
This is likely to be a direct consequence of a greater vulnerability of 
the resource to the gear due to the school concel1lfation at FADs. Huwever, 
the assumption of an increased abundance west of200\X/ by immigration 
of tuna associated with drifting objects cannot be rejected. Experiments 
at sea should be undertaken to test this assumption. 
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Figure 4 
Indicators of density 
changes of skipjack 
in Senegal (l DON to 20oN, 
15°W to 200 W): number 
of fished squares producing 
more than 10 tons 
of skipjacl\ and crUE (a), 
mean number of sets 
per day (b) and catch 
per positive set (c). 
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• Density changes of skipjack in Senegal 
Various indicators were calculated from the catch and eH<ll·t statistics of 
the French and Spanish purse seine Heets, in order to assess the remote 
effects of the development of the equatorial FAD fishery 011 the dynamics 
of skip jack population during their summer migrations to the north. In 
the Senegal zone (I OD-20oN, 15°-20°\,(/), skipjack is the dominant 
species forming free-swimming schools. Before the 1990s, the purse 
seiners were operating south of 16°N. During recent years, the fishing 
grounds extended to the north (up to 200N) to follow the seasonal 
migration of skipjack: the number of 1 ° squares producing more than 
10 tons of skipjack has increased from 16 to 26 (fig. 4a). Despite this 

80 
(a) 

6 

--'>- Nb squares fished 

--0-- CPUE SIU 5 
60 -

U) 4 iii' ~ 
m -0 

::J b1) 
cr c:: 
U) 

40 3{ii 
~ 

~ 13 c:: 
.0 2 0 z I-

20 

0 +-~r-,,-'-'-'-r-r-'.-.-.-.-~r-,,-'-'-'-r-r-'-+O 
1975 1980 

0,7 

0,6-

>, 0,5 
m 

~ £l 0,4 
QJ 
U) 

13 0,3 
.0 

z 0,2 

0,1 

0,0 
1975 1980 

25 

20 -
~ 
QJ 
U) 

6:; 15 
0. 
U) 
c:: 
0 10 1-

5 -

0 
1975 1980 

544 

1985 
Years 

1985 

1985 
Years 

Years 

1990 

1990 

I I i 

1990 

1995 2000 

(b) 

1995 2000 

(c) 

I I I i I 

1995 2000 



Biology and behaviour of pelagic fish aggregations 

extension in potentially ElVourable fishing areas, the CPU]] index has 
started to decline since 1991 (fig. 4a), after a period of positive trend 
during the eighties. Another indicator, the number of sets per day, 
started to decline in 1987 -19RR and the decreasing trend has been 
regular until 1997 (fig.4b). In the period 19RO-1985, there was an 
average of one set every two days, when it was only one set every five 
days in 1996. The changes in CPUE and number of sets per day could 
denote a decrease of the population abundance. Conversely, the catch 
per positive set (an indicator of the school size) has shown a positive 
trend since the early 90s (fig. 4c), which is not in contradiction with the 
trends of the other indicators. In fact, if we consider density-dependent 
processes, the behavioural response of a population whose abundance is 
declining can be a greater concentration in a limited space, such as the 
formation oflarger schools (Pitcher, 1986). 

A modification of growth and natural mortality 
Few studies have undertaken analyses of the diet of tuna based on the 
comparison between associated and non-associated fishes: tunas do not 
feed on fish associated with the anchoted PADs (Brock, 1985) nor with 
the floating logs (Hunter & Mitchel, 1%7). However, Yesaki (1983) 
found cannibalism of large yellowfin tunas on small conspecifics asso
ciated with FADs in the Philippines. In the framework of the Picolo2 

programme, studies of the tuna diet in the South Sherbro area (0-5°N, 
10-200 \>(7) taking into account the type of association, the species and 
the size, are underway. The rate of empty stomachs is very high for the 
tunas caught under drifting FADs (85% vs 25% for unassociated schools), 
and lower daily food rates are estimated for small-size tunas associated 
to FADs, showing that drifting FADs cannot have a forage function, but 
woulcl rather be a refuge. 
Morphometrics sampling has been set up during 1997 ancl1998 in order 
to study the design of purse seine escapement grids (Gaertner et a!., 1999). 
For the present analysis, we used the body width of skipjack caught 
north ofSoN, as a function of body length (ranging from 36 to 55 cm) 
to estimate a condition factor taking into account the type of association 
(FAD-associated vs unassociated schools). Different linear models were 
fitted to the data: Yij = ai Xii + bi + Eij, with y and x respectively the 
body width and length of the fish j with the type of association i, and 
E the residuals. Two separate slopes were not required (p = 0.(68), and 
a simpler linear model with parallel regressions allowed to explain 
around 79% of the variation in the body width (tab. 2, fig. 5), showing 
that for the same length, body width is higher for unassociated tunas than 
for FAD-associated tunas. Figure 6 displays the fit of smoothing splines 
with approximately 20 degrees of freedom to the data: the smoothing of 
the FAD-associated data is almost always below the smoothing of the 
unassociated school data. This confirms the interpretation of the results 

2. Production Induite en zone de Convergence par les Ondes Longues Oceaniques. 
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Figure 5 
Body widlh (cm) 
as a function of fori< length 
(FL in cm) for sl<ipjack tunas 
associated to drifting FADs 
and caught on unassociated 
schools norlh of 5"N. 
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obtained with the linear model analysis: skipjack associated with FAD 
show lower condition factors in this area than skipjack caught in free
swimming schools, which is in accordance with the lower daily food rates 
estimated on FADs. Such studies have to be more developed, iixusing on 
other indicators of the condition factor, e.g. biochemical analyses of 
the muscles or stable isotope ratios. 
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Figure 6 
Smoothing splines with 
approximately 20 degrees 
of freedom fitted 
to the body width data for 
skipjack tunas associated 
to drifting FADs and caught 
on unassociated schools. 
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Figure 7 
Average weight of tunas taken 
on FADs in the equatorial 
zone: juvenile yellowfin 
« 60 cm FU in the East 
Atlantic surface fishery 
and skipjaci( in the South 
Sherbro area (OO_5°N 
and lOoW-20 0 W). 
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Table 2 -Analysis of variance table of the different linear models on the data 
of the body width vel'SllS the body length of sldpjacl< tunas: Yij = ai xij + bi, 

with y and x the body width and length respectively of the fish j with the type 
of association i. 

-.-----.-.-.----.-.-~-

Models Df Residuals Test F Value 
sum of sq. 

MO: y) ~ a xi + b 999 191.52 
MI: yi) a xi) + bi 998 181.25 MI vs MO 56.58 
M2: 180.64 M2vsJ\{1 

Significant changes in size and mean individual weight in commercial 
catches were observed during the recent period in the equatorial area, 
which may be due to the FAD fishing (fig. 7). The mean individual 
weight of skipjack in the South Sherbro area (00-SON, 100\V-200\V) 
shows a clear decreasing trend hom an average 2.4 kg in 1981 to an 
average 1.8 kg in 1997 (25% decrease). As for yellowfin, considering 
both purse seine and baitboat fisheries and selecting the size of fishes 
taken at FADs (less than 60 cm), a decreasing trend has also occurred 
since the beginning of the eighties (2.3 to 2 kg, i.e.lS% decrease). The 
decreasing mean weight of skipjack and yellowfin could be a consequence 
of a size overfishing (basic ICCAT hypothesis) combined with a slower 
individual growth rate. Another factor could also be considered, that 
is the greater proportion of small-size tunas landed in the recent years. 
The average weight being calculated from the sampling in port, we cannot 
exclude that this may play a role in the observed decreasing trend. 

~ 
-<:: 
OD 

~ 2,2 

1,8 

-0- YFT 

--{j- SKJ 

1,4 -1--,----,----.---.--,----,-,---,-,--,--.,--,--,.---,-,---,-,---,----,---, 

1980 1985 1990 
Years 

1995 2000 

Large tunas, billfishes and sharks which are potential predators of small 
tunas are frequently associated with FADs (Stretta et et/., 1996; Hallier 
& Parajua, 1999; IATTC, 1999). This FAD association of predators and 
preys may facilitate predation upon small tunas, and then may increase 
natural mortality (M coefficient) of small fishes living under logs. 
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Potential consequences in !he perspective of s~o~~~_~f:l~~~I1_~ __ _ 

Following this hypothesis, the effects of the FADs on the biological 
characteristics of associated species can be summarised in the fc)llowing 
points: 
- the combined effects of natural schooling behaviour and attractiveness 
to an anomaly of the environment would generate huge concentrations 
of juvenile tunas in association to FADs in areas where such types of 
schooling was nor observed before; 
- a great density of drifting FADs in an oceanic zone might trap a 
significant part of the populations of juvenile tunas and alter the 
natural movements towards the trophic areas in keeping large fraction 
of stocks in the equatorial zone; 
- the growth rate of Atlantic skipjack tunas, was estimated to be higher 
in the tropical areas than in the equatorial zone (Bard & Antoine, 1986). 
During their life cycle, skip jack do show alternate movements between 
equatorial and temperate areas; their individual growth is an integration 
of the past feeding conditions and the energy spent to travel between 
these locations. Consequently, the lack of significant movements pole
wards could maintain large fraction of stocks to their low level of growth 
rate .. Moreover, the concentration of fishes at FADs would also increase 
the competition for feeding and the potential predation by predators 
(Bakun, 1996). This reduced growth rate and the increased M would 
reduce the biological productivity of the corresponding populations. 
The natural logs were considered as a positive way for small fishes to 
congregate and being transported in the converging zones where forage 
is also concentrated (Hall et cd., 1999). On the opposite, the dynamics 
of tunas associated with artificial FADs, as seen in the industrial surface 
fisheries, might have adverse effects on the biological features of the 
juvenile tunas. With respect to stock assessment, potential consequences 
of FADs are significant. The use of FADs is an important factor responsible 
of the increased efficiency of purse seiners worldwide. The effects of FADs 
on the fishing powers are difficult to assess precisely (Fonteneau et Cl!., 
1998; IATTC, 1999; Gaertner & Marsac, 1999) but no attempt has 
been done so far to evaluate the potential effects of FADs on the bio
logy of tuna. 

How to test this hypothesis? 

The East Atlantic industrial surface fishery is one of the fisheries where 
the transition between the different fishing modes is well documented. 
In addition, research programmes carried out in the past (early eighties) 
prior to the development of FADs provide a reference point allowing 
a valuable comparative analysis with the current situation. 
A research programme could be proposed in initiating various methods: 
- conventional tagging of small tunas in the FAD fishery area that would 
allow a comparison of the migration pattern with the historical tagging 
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programmes (International Skipjack Year Programme), a comparison of 
growth rates by area and the assessment of the fidelity of tunas to FADs, 
in the short and medium terms; 
- acoustic tagging of FAD-associated tunas at a small-time scale, and 
dynamics of groups of tunas at a medium-time scale (using coded
pingers and hearing stations); 
- biological analyses to address the trophic ecology of tunas between 
those associated to FADs for a significant amount of time, and the rather 
resident populations in forage-rich areas (as in Senegal). These analyses, 
using stable isotope ratios of carbon and nitrogen, can be comple
mented by the estimation of condition fflCtors based on the chemical 
characteristics of the tuna flesh (fat content ... ). Such condi tions factors 
should be compared between FAD-associated and free-school tunas. 
- changes in size composition of the catches in the FAD fishery area, 
between historical and recent periods (fot yellowfin, skipjack and bigeye). 
- stomach contents oflarge predators (billfish, sharks, large tunas) taken 
under FADs. 
The ICCAT Bigeye Tuna Year Programme, which is planned for a 3-year 
period starting with 1999 will cover part of the above listed issues. 

Conclusion 

The hypothesis of drifting FADs playing as an ecological trap for tunas 
in the offshore environment is worth to be further investigated. In this 
paper, we have tried to put together some facts which could suggest 
biological consequences of the recent and dramatic development of 
tuna fishing with drifting floating objects. On a more general point of 
view, this massive deployment of FADs could have serious implications 
in terms of evolution, ecology and conservation of resources, as this 
phenomenon is observed worldwide. Presently, the three parts of the 
ecological trap hypothesis are still speculative and should be seen as 
a basic framework. They provide guidelines that could be useful for 
initiating an ,Id hoc international research programme. 
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