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Le colloque

Péche thoniere et dispositifs de concentration de poissons
s’est tenu 4 Trois-Ilets en Martinique (Antilles frangaises)
du 15 au 19 octobre 1999.

Il a été organisé par :

I'Institut francais de recherche pour I'exploitation de la mer (Ifremer);
I'Institut de recherche pour le développement (IRD);

I'Ecole nationale supérieure agronomique de Rennes (Ensar)

Avec le concours

de 'Union européenne (Fonds IFOP);
du conseil régional de la Martinique;
du conseil général de la Martinique.

Les organisateurs ont également bénéficié d’un soutien actif
de la part des organisations suivantes :

Secretariat of the Pacific Community (SPC);

Food and Agriculture Organization (FAO);

Ministere francais des Affaires étrangeres ;

Direction régionale des Affaires maritimes de la Martinique;
Comité régional des péches maritimes de la Martinique

ainsi que des entreprises :
AVS Voyages, Coopemar, MLR Eleccronique, Ets Mondier, Momoi,
Serpe-1ESM, Sodena, Cap Marine, TIG, Océa, Mont-Pelé, Rhum Depaz.

Ces actes de colloque sont complétés par un numéro thémarique de la revue
Aquatic Living Resources : « Mechanisms and effects of the aggregation of
tuna by Fish Aggregating Devices (FADs) ». Aquat. Living Resour., 2000, 13(4),
181-262.
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Session 1
Synthéses régionales / Regional syntheses

Président : Jean-Yves Le Gall- Rapporteur : Gérard van Buure

La session 1 rassemble les syncheses régionales. Celles-ci ont mis en
évidence I'importance des pécheries de thons et autres grands poissons
pélagiques, associées aux dispositifs de concentration de poissons. Elles
ont permis de présenter les résultats de programmes régionaux de
recherche et de développement consaceés a ces techniques de péche.
Cette session concerne les pécheries chonieres induscrielles & la senne
et les pécheries artisanales cotiéres et insulaires. Les deux syntheses
pour les flottilles de senneurs couvrent I'océan mondial et le cas plus
déraillé de I'océan Pacifique Est. Des types trés variés de pécheries sont
présentés : Méditerranée européenne (Italie/Sicile, Espagne/Baléares. . ),
zone de la Caratbe et des Petites Antilles (Martinique, Guadeloupe,
Curacao), Pacifique Nord (Hawai ec Okinawa, Philippines), Pacifique
Sud (Polynésie francaise, Guam, Tonga, Vanuatu, Salomon, Nouvelle-
Guinée - Papouasie...) et océan Indien Sud-Ouest (Comores, Mayotte,
Madagascar, Réunion, Maurice, Seychelles...).

En ce qui concerne les pécheries industrielles, la discussion et le
débat ont porté sur I'importance de ce mode de péche, notamment sur
les captures abondantes de thons juvéniles, et sur les moyens de réduire,
limiter ou éviter ces captures massives de jeunes poissons. Les solutions
évoquées ont été notamment :

- la détection acoustique de la structure, en tailles et en espéces, des bancs
préalablement a ['action de péche;

- les développements technologiques pour 'utilisation de systemes de
péche sélective, telles les grilles rigides sur sennes a thons, dans 'océan
Pacifique Est;

- I'instauration de sanctuaires et de moratoires régionaux ou saison-
niers pour l'arrét de la péche sur DCP (en cours dans ['Atlantique et en
projet dans I'océan Indien).

En ce qui concerne les pécheries artisanales cotiéres et insulaires,
les discussions ont abordé les aspects techniques d’évolution des matériaux
et techniques de péche associés ou spécifiques aux DCP, l'optimisation
des distances entre les DCP. De nombreux points d’aménagement des
pécheries liées aux DCP ont été abordés. La concentration de la res-
source de grands pélagiques au large a-t-elle une incidence sur la ren-
tabilité des pécheries plus a terre ? Lorganisation de réseaux de DCP doit
permetcre le développement conjoint de pécheries artisanales nouvelles
au large et le maintien des pécheries artisanales plus cotieres. Quels sont

13
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les modes de limitation de Ueffort de péche ou d’exclusion des palan-
griers industriels en dehors des zones d’influence des DCP développés
par et pour les arcisans ? Par qui le systeme de DCP doic-il écre géré et
quels sont les avantages et les inconvénients respectifs de la gestion
publique gouvernementale et de la gestion privée ? Les exemples nom-
breux et variés ont été présentés, discutés et ont montré que les deux
systémes sont viables et peuvent écre développés selon les concextes et
les usages locaux.

A ce stade, le débat sest rapidement orienté sur I'appropriation de la
ressource par celle de I'espace, tels les DCP ancrés privés sur monts sous-
marins par les thoniers senneurs industriels ou la dimension de 'espace
océanique couvert par les senneurs disposant de nombreux DCP dérivants,
sujet abordé en session 4. La régulation de ce type d’appropriation a
introduit également, dés la premiére session, les aspects politiques et
socio-économiques repris et élargis en derniere session.
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A worldwide review of purse seine fisheries
on FADs

Alain Fonteneau'?, Pilar Pallarés™®, Renaud Pianet®

(1) IRD, PO Box 570, Victoria, Mahé, Seychelles - ird@seychelles.net

(2) Instituto Espafol de Oceanografia, Maria de Molina 8, 28002 Madrid, Spain
(3) IRD, HEA, 911 av. Agropolis, 34090 Montpellier, France

Abstract

This paper develops a comparative overview of the development of Fish
Aggregating Devices (or FADs) by the tropical purse seine fisheries in
various ocean areas (Atlantic, Indian, Western and Eastern Pacific
Oceans). First, a compatative review of fishery seatistics is developed.
Recent catches on FADs by purse seiners can be estimated at a level of
one million tons yeatly. This comparison allows to describe the fishing
zones and catch trends over time, the species composition and size
taken in the various FAD fisheries. Skipjack tuna is the dominant species
in most FAD fisheries, but significanc amounts of yellowfin and bigeye
are also frequently taken under FADs. The paper also presents an over-
view of various observer data concerning the by-catches of the various
fisheries using FADs. This comparison allows to estimate the tocal
worldwide yearly by-catches at about 100,000 t, and their species com-
position in each ocean. The FAD technology used in the various oceans
by purse seiners is described. The recent use of FADs by purse seiners
has introduced major uncertainties in most stock assessments, becanse
analyses are hampered by changes in the fishing effort in a FAD fishery,
by changes in fishing zones and in sizes caught. As a last point, the mana-
gement of FADs presently done ot in view by the various tuna bodies
are introduced. It appears that the present massive use of FADs world-
wide is perhaps an unsafe fishing mode, which could produce serious
overfishing of many stocks. There is then a consensus that the use of
FADs needs to be controlled and limited to sustainable biological levels.

Introductio )

Tuna fishing on flotsam has been used by most purse seine fisheries since
the early sixties in coastal areas where drifting objects were abundant.
This traditional fishery on flotsam (natural or man-made logs) was quite
incidental in the Atlantic Ocean, but has always been very active in other
areas such as Wescern Pacific or Indian Ocean. Since the late eighties, the
purse seine fisheries using artificial FADs equipped with positioning
devices have shown a massive development worldwide. As natural and
artificial logs are not separated in the catch staristics, the term FAD will
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Figure 1

Estimated average
catches of tunas

by purse seiners on FADS
by 5 degrees squares
(period 1994-1997).
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be used in chis text to describe any type of natural or artificial floating
object. This paper aims to review and to compare the most recent infor-
mation upon this new fishing mode and upon its potential effects on
tuna stocks:

- species and sizes of tunas targeted under FADs in the various oceans;
- species and quantities of by-catches taken under these FADs;

- problems incroduced by FAD fisheries in the tuna stock assessment;
- potential effects of this new fishing mode on the various tuna species
and management prospects of FAD fisheries.

This work will be based on fishery data obtained, either from the publi-
shed licerature, or from data kindly provided by che IATTC! and the SPC?
(cf. annex 1: data). All comparisons among FAD fisheries will be done
between the Atlantic, Indian and Pacific Oceans, but the Pacific will be
divided into its two eastern and western basins, separated at 150° West.

Trends and characteristics of purse seine FAD fisheries worldwide

Fishing zones on FADs

A map showing the average carches of purse seiners under FADs, by 5
degrees squares, during recent years (1994-1997) is given in figure 1.
This figure shows that FAD fisheries are mainly distributed worldwide
between 15°N and 15°8, che largest catches being taken in Western
Pacific and to a lesser degree in the Western Indian Ocean and other
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1. IATTC: Inter-American Tropical Tuna Commission.
2. SPC: Secretariat of the Pacific Community.
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areas. This average fishing map shows well that both Indian and Pacific
Oceans are now entitely exploited with FADs. In the Atlantic Ocean,
only the eastern basin is exploited with FADs.

Catch trends and species composition

Tuna fisheries using FADs were developed actively worldwide in all
oceans since the late eighties and early nineties: they are now cacching
an estimated weight of about 1 million tons of tunas yearly. The pet-
centages of the purse seine tunas which were taken on FADs in each ocean
during recent years 1994-1997 are given in table 1; table 2 gives the
average species composition of tunas caught under FADs during che
same period, in each area. They are primarily targeting skipjack tuna,
which is everywhere the dominant species under FADs: skipjack catches
amount for an average 63% of tuna FADs catches, and correspond to
55% of world skipjack catches by purse seiners.

Table 1 - Percentage of FAD-associated catches versus total tuna catches
{yellowfin, skipjack and bigeye tunas) taken in each fishing zone on FADs
by purse seiners during recent years (period 1994-1997).

Ocean Yellowfin Skipjack Bigeye
Arlantic 22.1 68.1 84.1
Indian 52.1 80.7 85.4
Eastern Pacific 114 72.0 96.4
Western Pacific 21.4 55.2 66.5

Table 2 - Average percentage of each species (yellowfin, skipjack
and bigeye tunas) in the catches on FADs by purse seiners, in each fishing
zone, during recent years (period 1994-1997).

Ocean Yellowfin Skipjack Bigeye
Atlantic 33.7 56.5 9.7
Indian 22.1 61.2 16.7
Eastern Pacific 25.5 55.5 19.0
Western Pacific 20.8 77.9 1.3

This fishery is also catching significant quantity of yellowfin (an average
25% of tuna caught under FADs, 21% of yellowfin catches by purse
seiners) and bigeye (12 and 66%). The comparison of the species com-
position of tuna catches under FADs shows quite minor differences
between oceans. It can be noticed for instance that:

- in the Western Pacific, bigeye tuna caught under FADs may be less
abundant than in other areas, but this low percentage could be due to a
species identification bias (in the absence of a systematic species sampling);
- the FAD fishery contributes to a large proportion of yellowfin catches
by purse seiners in the Indian Ocean (52% of total yellowtin catches),
but only a small proportion in the Eastern Pacific (119%) (when the
species composition of FAD-associated tunas is very similar);
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Figure 2

Estimated percentage

of tunas caught

by purse seiners under FADS
in each of the four major
fishing areas

(EPO: Eastern Pacific Ocean,
WPO: Western Pacific Ocean).

Figure 3

Estimated yearly tuna
catches taken by

purse seiners under flotsam
and FADs {period 1994-1997)
in each of the four major
fishing zones

(vrT: yellowfin, SKJ: skipjack,
BET: bigeye).
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- the percentage of total catches taken during recent years under FADs
is high in all oceans (fig. 2), the higher percentages being observed in
the Indian Ocean (75% in 1997) and in the Western Pacific (65%), and
the lowest in the Eastern Pacific (40%).

During recent years, each of the four fishing zones shows large increase
of FAD-associated catches (fig. 3). However, both the number of purse
seiners using FADs and the average number of FADs used by each
purse seiner are pootly estimated by statistical agencies. It was recently
estimated (Ménard ez /., 2000) that about 3 000 FADs were used
permanently by the 45 purse seiners landing in Abidjan (i.e. an average
of more than 60 FADs used by each purse seiner). Knowing that about
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500 industrial purse seiners are active worldwide, the total numbers of
FADs used worldwide could probably be estimated in tens of thousands.

Sizes of tunas taken under FADs

Tunas associated with FADs are primarily of small sizes: the three tuna
species targeted under FADs (skipjack, yellowfin and bigeye), show a
similar mode at about 48 cm wich a large majority of tunas caught
under FADs at sizes less than one metre (fig. 4). The tuna sizes observed
under FADs are quite similar for each species in the different fishing
zones (fig. 5). It should be noted chat significant weighes of large

Figure 4
Average sizes of tunas,
{yellowfin, skipjack and

bigeye) taken by purse =i BET
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Figure 6

Average weight of yellowfin

(YFT) and bigeye (BET)

by 2 cm size classes taken
by purse seiners under FADs
(worldwide average, recent

years).
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yellowfin (and also to a lesser degree of large bigeye) are often taken
under FADs (fig. 6) especially in the Western Pacific (fig. 5). This signi-
ficant proportion of large yellowfin would explain why the yearly ave-
rage weight of yellowfin caught under FADs is most often in a range
between 5 and 10 kilogrammes.

However, some peculiarities are quite typical of the sizes taken in each
area, for instance:

- the proportion of latge yellowfin is greater in the Indian and Western
Pacific Oceans;

- large skipjack are often taken significantly in the Western Pacific
(and to a lesser extent in the Indian Ocean);

- large bigeye are often taken significantly in the Eastern Pacific;

- the proportion of very small tunas taken under FADs shows some dif-
ferences among oceans {more discards in the Eastern Pacific), but part
of this heterogeneity is probably due to variable rates of small tuna
discarding. In general, discards of small tunas tend to be lower in the
Indian and Atlantic Oceans because of the existence of local markets,
in which undersized tunas are easily sold, and also because canneries
are more flexible in some areas to buy these small tunas.

Some peculiarities of FAD sets

Three major peculiarities of FAD-associated sets have been commonly
observed worldwide in all purse seine fisheries (Fontenean, 1992):

- most FAD sets are done very early in the morning, before sunrise; as
a consequence, most of the daytime can still be used to search for other
tuna schools. However, there is also a tendency to increase the fre-
quency of FAD sets during the day;

- positive sets done upon the same FAD are often observed during
successive days (sometimes more than eight). In such case, there is a
tendency to observe (1) a decrease of the average catch per set, (2)
changes in the tuna species composition (in general a faster decrease of.
skipjack) and (3) changes in the average sizes of tuna caught (in general
with an increasing average weight) (Ariz ¢ a/., 1999),
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- the rate of successful sets under FADs is always very high in all the
oceans, above 90%, whereas about 50% of the sets done on free swimming
schools are unsuccessful.

FAD technology

Similar design and size of FADs are used by all purse seine fisheries
worldwide: FADs are most often built by the fishermen themselves (and
without any technical or financial support from their States) with a
bamboo framework (about 3x 1.5 m), and they all carry a radio-loca-
tion beacon and antennas, various systems being used. These location
devices often allow to follow by satellite, permanently and in real time,
the exact position of FADs and to analyse later these positions and the
drift of FAD on a personal computer (on board or on shore). This ana-
lysis of FADs movement, associated to other satellite information (such
as sea-surface temperature, waves, ocean color, etc.) will provide to the
fishermen a better understanding of surface current patterns, fronts,
eddies and convergences (which are useful to improve their searching
pacterns). Underwater nets are commonly attached under FADs. The
length of these nets shows an increasing trend and can reach a depth
of 50 m in the Eastern Pacific. The effectiveness of these larger nets to
attract tunas has not been fully evaluated by scientists. There is also
some indication that light sources associated to FADs are sometimes used
at night (both underwater and surface lights), at least by some fleets,
but the frequency of this use and its potential efficiency remain pootly
documented. The use of bait fixed to the FAD in order to attract tunas
was well described by observers in the Eastern Tropical Pacific, but it
seems that this bait is not presently used in other fishing zones.

In some areas of the Western Pacific, anchored FADs are commonly
used by purse seiners (Sibisopere, 2000). The amount of tunas taken
by this fishing mode is quite high in Philippines and Solomon Islands
or Indonesia, but it remains very rare or absent in other fishing zones.
Supply vessels are also frequently used (mainly by Spanish purse seiners)
in order to deploy and to maintain FADs, and to check permanently the
quantities of tunas under its FADs. They will call a purse seiner from
their company when they observe large amount of tunas under one of
their FADs.

As a conclusion, it is quite clear that the FAD technology has been
evolving very quickly worldwide and quite independently in each area
(but always in order to improve the efficiency of FADs). However, fisher-
men often keep most of these changes secret, and the technical docu-
mentation available on drifting FADs is poor. It is then difficult first,
to describe exactly all the characteristics of the FADs which are used,
and second, to evaluate the importance of each new characteristics of
these FADs and their effects on the various tunas species and sizes which
are targeted. This efficiency may vary according to the ocean region as
a function of its local environment.
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Tuna stock assessment and FADs

A global problem
It is now quite clear for all scientists that the increased use of FADs has
introduced worldwide major changes in che fishing patterns of most

purse seine fisheries and consequently, in the exploitation of tuna stocks.
Two examples, bigeye and skipjack stocks, are first analysed. This spe-
cific overview will be followed by a presentation of several problems
which have been introduced in the stock assessment by the seeding of
large numbers of FADs in the offshore pelagic areas: changes in che
concept of fishing effore, changes in yield per recruit and other potential
biological effects.

Bigeye and FADs

The massive development of fishery operacions using FADs, in asso-
ciation with changes in the fishing technology (for instance the use of
deeper nets described in the Aclantic by Gaertner & Sacchi, 1999), has
produced worldwide a large increase of catches of small bigeye associated
with FADs. This massive use of FADs has also produced a spectacular
increase of bigeye fishing zones (with small bigeye being taken now in
areas where they were not fished before, figure 7). This quick and unex-
pected change in the bigeye surface fisheries is a source of serious
concern in various tuna commissions (IATTC, ICCAT, IOTC). As FADs
fishery is catching small bigeye, when the longline fishery is catching
only adules (fig. 8), there are two increasing concerns: first a short-
term risk to reduce the yield per recruit, and second, a risk to face in
the future a recruitment overfishing due to the recent FAD catches.
This recruitment overfishing might be observed after a biological delay
of about 3 to 10 years, a duracion needed to reach a biological equili-
brium of the spawning biomass (with a spawning stock too low to pro-
duce the historical recruitment of bigeye stocks). This recruitment
overfishing has never been observed for any tropical tuna species, but
there is a speculation that bigeye may face soon this situation because
of the spectacular increase of juveniles catches since the early nineties
(when catches of adults by longliners were also seriously increased). A
firste potential symptom of this excessive decline of the spawning stocks
is given by the longline CPUE catching spawners. Surprisingly, this
index shows a permanently decreasing trend in all oceans, for instance
in the Atlantic and Indian Oceans (fig. 9), but at a quite constant rate
during the period 1969-1997 (and without the spectacular decline
which could be expected during recent years as a consequence of the
large catches of juveniles by FAD fisheries). At this stage, there is still
a serious concern with the increasing catches of bigeye by purse seiners
on FADs, but these effects have not yet been demonstrated in any bigeye
stock.
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Figure 8

Sizes of bigeye tuna taken
by purse seiners

(PS, primarily under FADs)
and by longliners (LL)

in the Atlantic

{period 1991-1997).

Figure 9

Index of abundance of adult
bigeye tuna taken

by Japanese longliners

in the Atlantic and Indian
Oceans (the two series

of CPUE indices have been
normalized to the same
average).
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FADs and Atlantic skipjack

The massive use of FADs has produced worldwide a spectacular increase
of skipjack catches. Skipjack stocks are most often estimated to be still
underexploited by the different tuna commissions. Since 1990, this is
no longer the case for Atlantic skipjack since the working group held
by the ICCAT on this stock in 1999 (ICCAT, 1999). In the Atlantic, skip-
jack is the dominant species targeted by FAD fisheries. However, this
increased fishing efforc has produced a spectacular and unexpected
decrease of skipjack catches (fig. 3), and also a significant decrease of
average sizes in the major fishing zone on FADs (fig. 10). The ICCAT
diagnosis was that Atlantic skipjack suffered during recent years growth
overfishing, at least in the equatorial regions where the more active FAD
fisheries were developed.

FAD, effort, CPUE and abundance

FADs equipped with sensors and radio-beacons have recently introduced
a major change in the traditional concept of the purse seine fishing in
which fishing effort was primarily a searching activity. Nowadays, when
large numbers of FADs are deployed, searching time can no more provide
a measure of fishing effort, because fishing effort is now a mixture of time
periods devoted (1) to visit targeted FADs, or (2) to randomly search free
schools. As a consequence, it is now very difficult to use the catch per unit
effort or CPUE as an index of local abundance; this assessment problem is
faced equally for both the FAD and the free-school fisheries, as log books
never indicate times spent searching free schools or targeting FADs.

24



Figure 10

Yearly sizes of skipjack
{fig. 10a) and yearly
average weight (fig. 10b)
taken by purse seiners
in the equatorial area
(Atlantic).
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The average catch per set on FAD may become a better index of the local
abundance for small tunas (assuming that there is a relationship between
the local biomass which is available in each strata and this caech per
set) but, this index would need more research. It would necessitate at
least the knowledge of the number of FADs deployed in the area, because
the biomass of tuna associated to each FAD will decrease while the
numbers of FADs increases, assuming a given biomass in the area.

Changes in yield per recruit and natural mortality

One of the major difficulty presently faced by all tuna commissions is to
estimate the long-term yield per recruit effect of drifting FADs {isheries
for each tuna species. Any yield per recruit calculation needs a good know-
ledge of growth and nacural mortality at all ages. Unfortunately, the
natural mortality M estimated for juvenile tunas is poorly estimated
for all tuna species and chis uncertainty will largely condition most of
the conclusions obtained from the analysis:

e If the actual M of juveniles is low (for instance the same as for the
aclults), then the massive use of FADs would, after several years (during
their exploited life), produce a significant decrease of the yield per recruit.
In this hypothesis, various bigeye stocks should soon face a significant
decrease of their yield per recruit; they could also face an unknown risk
of recruitment overfishing (when each of the cohorts exploited on FADs
by the new fishery will be fully recruited in the adult stock).

e If juvenile M of tunas is high, for instance much larger than the adults
one, the corresponding fishing mortalities of juveniles taken on FADs
may still be quite low (even when large catches are observed). Such high
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estimates of M were obtained for yellowfin by Hampton & TFournier
(1999). For juvenile bigeye tuna less than one year old, yearly estima-
tion of M over 4.0 is a very high level compared to the M=0.4 estima-
tions for adult bigeye by Hampton (in Bertignac, 1999). For skipjack
smaller than 30 cm M level estimation is over 2.0. In this case, the poten-
tial effect of FADs may be hardly visible for any tuna stocks unless when
the adult stock is already very heavily fished.

The present uncertainties upon M are clearly so large that there is very
licele hope to evaluate precisely the changes in the yield per recruit
due to increased FAD fishing. Intensive tagging of small runas is pro-
bably the most efficient way to estimate this key biological parameter.
In the absence of specific researches on natural mortality, the present
large-scale increases of small tuna catches should be considered as an
interesting (but not precautionary) overfishing experiment:

- if the present high catches are sustained, this would mean that natural
mortality of juvenile is probably relatively high (or the recruitment much
larger than presently estimated);

- ifan overfishing does occur in the near future, growth or recruitment
overfishing, this would probably means that nacural mortality of juve-
niles was relatively low.

The full consequences of this experimental'overfishing will be apparent
within few years.

Other potential effects of FADs on tuna stocks and fisheries?

There are probably also various other potential effects of FADs on the
tuna resources including the following:

e Genetic erosion for some fraction of stocks which may show, in rela-
tion with their genome, a behaviour of strong association with FADs.
This sub-population may then be eliminated by the selective pressure
on FADs (Cury & Anneville, 1998; Allendorf ¢r a/., 1986);

e Differential effects of FADs upon each of the major tuna species.
Because of their different intrinsic potential to face growth and recruit-
ment overfishing, the FAD fishery may introduce a specific advantage or
disadvantage for each of the targeted species (yellowfin, skipjack or
bigeye) and may accelerate the potential effects of fisheries in the pelagic
ecosystems;

° FAD = ecological trap? This question is still pending (Marsac ez «/.
2000), but several facts are consistent to support the hypothesis that
the recent massive seeding of FADs in the equatorial areas could modify
one or more biological characteristics of the concerned tropical tunas:
movement pattern, growth and natural mortality. If this hypothesis is
confirmed, all che analyses which are conducted presently under the
assumption that these biological characteristics are constant, could be
seriously biased (at an unknown level);

¢ Interaction between drifting and anchored FAD fisheries. The
number of anchored FAD fisheries has increased recently in order to
target tunas and associated species. There is then a potential interaction
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between the offshore industrial fisheries using drifting FADs and the
artisanal ones targeting tunas with anchored FADs. This could be the
case when they are exploiting the same species in adjacent areas, such as
in the Bastern Pacific, the purse seine fishery on FADs and the Polyne-
sian FAD fishery. Taking into account the fact that che artisanal fisheries
have very lictle or no alternative to cacch their target species, this
potential interaction would need to be carefully evaluated. This task
was partly done during the recenc FAO research project on tuna fisheries
interactions (Shomura ef /., 1996); however, as this project was done
at an early stage of the FAD fisheries, very few firm conclusions were
obtained upon this topic.

Presently, none of these potential risks has been fully evaluated, but in
the new context of precautionary approach, they should already be
taken into account in the development of FAD fisheries, and further
research should be developed in order to evaluate each of the risks
involved in this FAD fishery.

Conclusion: tuna stock assessment and FADs

Unfortunately, the present biological knowledge and models do not allow
making realistic projections of the potential effects of increased FAD
fisheries. Therefore, it is necessary to monitor very closely, preferably
in real time, any potential changes in the levels of catches, CPUE and
sizes taken, for both FAD fisheries and the other ones. The three main
tropical tuna species, skipjack, yellowfin and bigeye, should be monitored
carefully, bigeye being probably the most sensitive species in this list,
with perhaps a potential risk of recruitment overfishing, after an
unknown but quite long-time lag.

This comparative follow-up and analysis of the changes occurring in
the four ocean areas (Atlantic, Indian, Eastern and Western Pacific), should
be a high priority and this analysis should preferably be conducted within
a joint FAD research programme developed in a coordinated way by the
various tuna bodies.

Potential effects of FADs on the pelagic ecosystem

Introduction

The FAD fishery by purse seiners is often catching (and often discarding)
significant quantities of by-catches (tuna and other species). This over-
view will try to compate the rates of by-catches by the various purse
seine fisheries using TADs worldwide. Two questions will be tackled:

- what are the by-catches and discards associated to FADs in the purse
seine fisheries?

- what are the potential effects on the offshore pelagic ecosystems of this
removal?

This overview is based upon data of variable sources and quality, all taken
from the literature and from observer data (observations done during
recent years, but not during the same period).
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Figure 11

Estimated percentage

of quantitative discards by
purse seiners {worldwide),
for the main groups of by-
catches, on FAD schools
(recent years, the periods
are different in each ocean,
as a function of observer
data available).

Figure 12

Estimated percentage

of quantitative discards

by purse seiners in each
of the four fishing zones,
for the main groups of
by-catches, on FAD schools
(recent years, the periods
are different in each ocean,
as a function of observer
data available).
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Quantitative estimates of by-catches

The species composition of by-catches appears to be quite similar in
the four ocean areas (Artlantic, Indian, Eastern and Western Pacific) as
2. Small runas (skipjack, juveniles of yellowfin and

shown in annex
bigeye, Awuxis, Sarda, Enthynnus, etc.), rainbow runner (Elagatis), bill-
fishes (matlins and sailfishes), “mahi-mahi” (genus Coryphacena), trigger-
tish (genus Balisier), wahoo (genus Acanthocybinm), sharks and few turtles
are species most often found under FADs (fig. 11).
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It can be noted however that this associated fauna shows interesting dif-
ferences in its species composition in each area (fig. 12). In various
cases, it should be noted that this by-catch is often sold to local markets
(Atlantic and Indian Ocean, Romagny ez «/., 2000), when they are
dumped dead at sea in other areas (Pacific Ocean, IATTC, 1999). This
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Figure 13

Estimated average catches
of tunas taken under FADS
by purse seiners and
estimated by-catches

in each of the four fishing
zones (recent years,

the periods are different

in each ocean, as a function
of observer data available).
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variable local market explains why discard rates are quite variable bet-
ween oceans,

The average amount of by-cacches taken on FADs are quite significanc (an
average of about 10% of the world tuna catches on PADs by purse seiners,
figure 13), but the total weight of these by-catches remains moderate
(e.g. about 100,000 tons yearly worldwide, mostly small runas, on a total
landed tuna catch of abourt one million tons). This by-catch can be consi-
dered as being quite minor in comparison with the very large size of the
equatorial pelagic ecosystems, the equatorial ecosystems (as proposed by
Longhurst, 1998) covering approximately 77 million squate kilometres
(respectively 13, 21 and 43 million square kilometres for the Equatorial
Atlantic, Indian and Pacific Oceans). This also can be considered as a
minor by-catch, for instance compared with total discards of shrimp fishe-
ries (using trawls) estimated at 9.5 million tons yearly by Alverson ef «/.,
1994 (in a fishing area which is much smaller than the tuna fishing zone).
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As a consequence of this quite low level of by-catches, there is probably
still a low or moderate impact of FAD fisheries on the pelagic ecosystems
taken as a whole. However, the potential negative impact of FAD catches
on some specific group of fishes (or some sensitive species) should be
well-monitored. For instance, a given sub-population of hammer-head
sharks, turtle or “mahi-mahi” could suffer at a local level an excessive
fishing mortality which may be dangerous, either for the local artisanal
fishery or for a local sub-population (Cury & Anneville, 1998). These poten-
tial local problems should then be evaluated carefully, based on a permanent
analysis of observer and artisanal fishery data.

Only well-planned ad boc observer programmes do allow to estimate the
species composition and quantities of FAD-associated by-catches. Observer
data should then be collected routinely on all major purse seine fleets
in order to monitor carefully these by-catches and to incorporate those
observations in databases that could be accessed and used by interested
scientists. However, it should be noted that, because of the spatial and
temporal stability of the FAD-associated by-catches, a quite low rate of
observers (for instance between 5 and 10%) can probably allow to esti-
mate quite precisely the by-catches of most species by fleet and region.
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This low race is probably valid at least when the observer data are well-
stratified and extrapolated using this stratification, in association with
the log book information. Lennert from the IATTC and Fonteneau
obtained chis preliminary, but very interesting and quite logical conclu-
sion with a bootstrap analysis conducted with the IATTC observer data
(coverage rate of about 1009). This very interesting resule still needs
to be validated for each of the major species, and to be published.

Management prospects of FAD fisheries

In the present context of precautionary management of fisheries, there
is now an increasing international pressure to reduce the use of FADs
by purse seiners. This tendency is logical, even though the negative long-
term effects of FADs on tuna stocks and their ecosystems are still
widely hypothetical. This trend to reduce the use of FADs is primarily
targeting a safer management and a better conservation of tuna stocks.
Even the fishermen themselves are fully aware of the potential danger
of an excessive use of FADs: the moractorium on the use of FADs in the
Atlantic was an initiative taken by the European Union fishermen.
However, very few practical ways have been presently identified to effi-
ciently reduce the use of FADs by purse seiners, and this reduction will
be a difficult challenge for the various tuna commissions and for the
purse seine tuna industry.

Most reduction in the use of FADs would produce large losses of cacches,
especially skipjack, but also of bigeye and yellowfin as well of non-
tuna by-cacches (which are becoming very interesting for many purse
seiners in the Atlantic and in the Indian Ocean (Romagny et 4/., 2000).
Various potential measures are now studied by tuna commissions and
tuna boat owner associations in order to reduce FAD fisheries, such as:
e A ban of the supply vessels (already done by the IATTC);

e Limiting the numbers of FADs deployed (as the present number of
FADs used is still poorly estimated, this scheme may be unrealistic);
* Limiting the sizes of nets under FADs (such measure was envisaged
by the IATTC, but it will be difficult to control and its potential effects
are still unknown);

e Limiting the electronics used on FADs (again difficult to manage);
e Implementing catch quotas of small tunas taken on FADs (observers
are needed on every purse seiner);

¢ Implementing Moratorium of FADs in well-selected strata (primarily
strata with large catches of tunas on FADs), such as the management
measure applied in the Atlantic since 1997 (observers are also needed,
and the negative intrinsic effects of FADs may remain);

» Complete area closure (will be easy to manage when all boats will carry
vessel monitoring system devices).

Most fishermen, scientists and fishery managers agree that the use of
FADs should be limited at reasonable levels and closely monitored. One
logical conclusion would be for instance that the use of FADs should
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have been permitted to increase more slowly, allowing scientists to
evaluate empirically cheir risks. There are presently multiple uncertainties
and difficulties, practical and political, to choose and to implement
the management measures on FADs which would limit cheir negative
impace, still allowing to catch large quantities of skipjack tunas, and
of large yellowfin and bigeye.

Conclusion: drifting FADs and purse seine fisheries

This synthesis upon purse seine fisheries operating worldwide on FADs
demonstrates the major importance of this fishing mode developed
during the last ten years. This overview shows well the greac similarities
between the various FAD fisheries that are active worldwide:

- similar importance in terms of percentages of tunas caught on FADs;
- similar trends in their development during recent years;

- similar species composition and sizes of tuna taken under FADs;

- similar by-catches of associated fauna (in terms of their quantities
and species composition).

It is also clear that the massive development of the FAD fisheries is
presently introducing major uncertainties in most stock assessment
studies done on tropical tunas. It is also raising serious potential problems
concerning the conservation of tuna stocks, primarily bigeye tunas,
but also skipjack in some areas. Many serious uncertainties also remain
concerning the long-term effects of this recent development. There are
first serious reasons to consider that this new fishing technique may have
strong negative impact on the yield per recruit of some species (primarily
bigeye, and to a lesser degree other species such as yellowfin). There is
also serious concerns that an excessive use of FADs and an excessive catch
of juveniles may produce at a longer term (for instance within 10 years
or more) a dangerous decrease of tuna spawning stocks which could lead
later to recruitment overfishing. This would be a critical situation,
never observed until now for tropical tunas, which could reduce fishing
activities at very low levels and during quite long periods. Furthermore,
there is also serious concerns that the large numbers of FAD seeded may
modify the biological characteristics of tuna species (changing their
movement patterns, natural mortality and growth), independently of
the level of tuna catches. The significant accidental mortality of by-
catches species in most FAD sets can also be a legitimate source of
worty, even though the total weight of these discards can be consi-
dered as quite low in comparison of the very large biomass of the
oceanic ecosystems exploited by purse seiners. In the new context of
precautionary management of exploited resources, the conclusion most
often reached by fishermen, scientists and tuna commissions is that
the use of FADs should be limited and controlled at reasonable and
moderate levels, even though their real danger cannot yet be fully eva-
luated. This controlled activity would allow a sustainable exploitation
of each targeted species (yellowfin, skipjack and bigeye) and would not
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hamper the ecological equilibrium in the pelagic areas. Various actions
have been already taken to limit the use of FADs or to reduce their effi-
ciency, but there is no clear and optimal solution among the various
management options that are presently taken or envisaged. In the new
context of che precautionary approach applied to the management of
fisheries, this limitation of FAD use by purse seiners should be an urgent
goal, even chough the real risks remain still quite uncercain.

A clear and firm conclusion from cthis study is that the problems of FADs,
both scientific and management ones, should preferably be tackled at
a worldwide scale. This recommendation is a logical one, taking into
account the greac similarities becween tuna species, tuna fisheries and
FAD trends worldwide. This international cooperation should lead
urgently to an ad boc world research programmes on FAD fisheries. This
research should take into consideration, not only che drifting FAD
fisheries, but also the combined rational use of drifting and anchored
FADs, and che potential interaction between the two fisheries. This
active international research should be based for instance on a very active
cooperation between the tuna commissions (which has never been well
developed in the past). The FAO and its Fishery department should
preferably play an active role in chis plan leading to a more sustainable
exploitation of world tuna resources.
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Annex 1: Data and information used in this synthesis
asessmnnasaennnasr |

The data and information used in this synthesis were obtained from
diverse sources.

Most statistical data concerning the catch, efforts and sizes of tunas
were obtained by direct contact to the various tuna bodies which are
handling tuna data in the various oceans, namely:

- the ICCAT (International Commission for the Conservation of Atlantic
Tunas) for the Atlantic data;

- the I0TC (Indian Ocean Tuna Commission) for the Indian Ocean data;
- the IATTC (Inter-American Tropical Tuna Commission) for the Eastern
Pacific data;

- for the Western Pacific, data were provided by the SPC (Secretariat of
the Pacific Community) and by the NMFS (National Marine Fishery
Service, US fleet).

Some statistical informations used in this paper were also taken from
the scientific literature published by these different organizations (these
sources are quoted in the text).

The estimates of by-catches and discards were all taken from the
published literature obtained from observer data. As the information
concerning these by-catches are often given in numbers of fishes, they
were first cransformed into estimated weight (using the best available
informaction upon the specific average weights). When necessary, these
weights were also extrapolated to the cotal catches (knowing the total
FAD catches and the ratio of by-catches versus tuna catches in the
samples).

Annex 2: List of the major species associated to FADs
| |

Tunas: skipjack (Katsiwonus pelanis), young bigeye (Thunnus obesns),
young yellowfin (Thunnus albacares), “kawa-kawa” (Euthynins) and
bullet tuna (Awnxis).

Wahoo (Acanthocybinm solandyi).

Dolphinfish or “mahi-mahi” (g. Coryphaena).

Sharks: silk shark (Carcharbinns falciformis), oceanic white-tip shark
(C. longimanus) and hammerhead shark (g. Sphyrna).

Billfishes: blue, striped and white marlins (g. Makaira and g. Tetrrapte-
rus), sailfish (g. Istiophorus).

Pelagic triggerfish (g. Balistes).

Carangids: rainbow runner (Elagatis bipinnnlata), yellowtail (g. Seriola) and
carangids (g. Caranx).

Barracuda (Sphyraena barraciuda).
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Perspectives de développement des DCP
ancrés dans les Petites Antilles.
L'exemple de trois iles : Guadeloupe,
Martinique et Curacao
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(1) lfremer, délégation des Antilles, Drv/rh, Pointe Fort, 97231 Le Robert, Martinique
Lionel.Reynal@ifremer.fr

{2} Department of Agriculture (Dienst LVV), Animal Husbandry and Fisheries, Curacao

bstract

This summary tackles the development of fisheries in the Caribbean
using FADs. It highlights the principal causes which explain why, in
spite of more than thirty years of experimenting, fishing on FADs has not
developed as much as had been hoped. Whereas the deep-sea production
of pelagic fish by the continental countries of the region has considerably
increased since che early eighties, that of the Lesser Antilles has grown
more slowly. Anchored FADs have given the boats of the small-scale
fisheries from three islands (Guadeloupe, Martinique and Curacao)
access to these pelagic resoutces. The various modes of development and
management of the FADs observed in each island are described. The first
available data are used to provide some indications of the effects of che
various strategies implemented and the changes induced by this new
fishing technique.

Introduction

Les pays de la région caraibe sont constitués d'une chaine d’fles qui
s'étend entre I’Amérique du Nord et 'Amérique du Sud. Au sein de
la Caraibe insulaire, on distingue deux sous-ensembles formés par les
Grandes et les Petites Ancilles (fig. 1). Les Petites Antilles s'écendent
des iles Vierges a la partie sud des Antilles néerlandaises.

Les ressources des plateaux insulaires des Petites Antilles sont généra-
lement pleinement exploitées, voire surpéchées, en particulier pres des
cbtes. Par contre, les ressources hauturieres semblent offrir un poten-
riel de développement pour les pécheries régionales. Certaines fles sou-
haitent mettre en valeur ce potentiel car elles ont un marché déficirai-
re en produits de la mer. De plus, de nombreux Etats insulaires n’ont
qu’une petite péche cotiére arcisanale dont le suivi est difficile 2 mettre
en ceuvre et qu'ils ont du mal a réguler (Chakalall ez #/., 1998). La
diversification de la péche par une augmencation de l'activité sur les
poissons pélagiques du large est apparue pour les décideurs de ces pays
comme un moyen de tésoudre, A relativement court terme, les difficuleés
d'une profession disposant de faibles capacités d’adaptation.
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Région caraibe (zone
Atlantique Centre-Ouest).

Cette politique de développement de I'exploitation des poissons pélagiques
s'inscrit dans un contexte régional d'accroissement des captures de ces
especes (fig. 2). La production moyenne annuelle des poissons pélagiques
hauturiers réalisée a partir de I' Atlantique Centre-Ouest s'éléve, entre 1950
et 1997, 4 61 900 ronnes. Cette production est réalisée par les pays rive-
rains de la zone & hauteur de 48 600 t et par les pays non riverains pour
les 13 200 t restantes. Ces derniers, constitués de I'Espagne, du Japon,
de la Corée et de Taiwan, ont réduit leurs captures sur la zone au cours
de la période considérée. Parmi les pays de la région Atlantique Centre-
Ouest, les pays continentaux sont & l'origine de prés de trois quarts des
débarquements (35400 t), avec une progression particulidrement marquée
a partir des années quatre-vingt. Les Grandes Antilles ont une production
relativement stable depuis les années cinquante avec en moyenne 4000 t
débarquées par an. Les prises moyennes annuelles des Petites Antilles
entre 1950 et 1997 sont de 9 100 tonnes. Elles ont augmenté réguliére-
ment pendant toute la période considérée (Shatz, 1999). Le retrait de la
zone, au cours des derniéres décennies, des pays non riverains est plus lent
que le développement des pécheries des pays riverains.
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Pour favoriser le développement de la péche des grands poissons péla-
giques du large, de nombreuses campagnes de prospection ont été effec-
tuées en région caraibe en particulier entre les années 1960 et 1980.
Ces campagnes ont mis en évidence la faible abondance apparente des
grands poissons pélagiques dans le secteur des Petites Antilles. Les
concentrations observées sont constituées de petits groupes agrégés
autour d'épaves a la dérive, laissant peu d'espoir quant aux possibili-
tés de développer |'exploitation de ces ressources a parcir des techniques
traditionnelles (Farrugio ef «/., 1988).

Pendant plusieurs décennies, de nombreuses expérimentations de DCP
ont été tentées a travers la Caraibe. Cependant, les DCP opérationnels
ne sont apparus qu'd la fin des années quatre-vingt, dans quelques fles.
Clest & partir des pécheries artisanales que cette nouvelle forme d’ex-
ploitation prend de 'importance, leur offrant ainsi une voie promet-
teuse de développement. Mais le passage de I'expérimentation, par des
scientifiques ou des services de développement, a l'utilisation courante
par les professionnels s’est heurté A des difficultés mal identifiées. A pat-
tir de quelques exemples d’expérimentation des DCP dans la Caraibe,
nous décrivons ici les raisons qui nous paraissent a l'origine des diffi-
cultés rencontrées pour développer cette nouvelle péche. Puis, nous
présentons différents modes de développement des DCP observés dans
quelques fles de la région.

Les premiéres expérimentations dans la zone

Lhistorique du développement des DCP dans la zone est difficile a
reconstituer avec précision, car des expériences d’'implantation de DCP
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ont, a I'évidence, été effectuées sans que cela apparaisse dans la liceéra-
ture enregistrée.

Les expérimentations les plus anciennes de DCP dans la région caratbe
ont écé faites dans le cadre du projet de développement de la péche
caribéenne PNUD/FAO entre 1965 et 1971 (Wolf & Rachjen, 1974). Dans
le cadre de ce projet, des DCP ont été mouillés pour tenter d’estimer
leur pouvoir attractif sur les pélagiques dans des eaux considérées com-
me relativement pauvres en poissons. Douze radeaux de bambou ont
été ancrés a proximicé de Curagao, Bonaire, Barbade et Anguilla, entre
février 1968 et juin 1971. La plus grande partie des DCP a été perdue
peu de temps apres leur mise a 'eau. Il avaic écé conclu, a issue de ces
essais, que les DCP ne constituaient pas un réel potentiel pour la péche.
En 1983, au 36° congrés du GCFI (Gulf and Caribbean Fisheries Insti-
tute) réuni a Trinidad, les participants des pays de la Caraibe Est ont
demandé une assistance pour développer les DCP dans la région. La
région était importatrice de produits de la mer et la demande, tant de
la population locale que de industrie du tourisme, allait en augmen-
tant. Par ailleurs, les ressources des plateaux écraient jugées fortement
exploitées. Les ressources pélagiques paraissaient €cre les seules 2 offrir
un potentiel suffisant pour augmenter les débarquements des petits
pays insulaires et réduire le déficit de leurs échanges extérieurs. Une
premiére opération pilote a été réalisée a Saint-Kitts. Les objectifs
éraient d’évaluer l'utilité des DCP pour I'amélioration des pécheries
artisanales de la région, d’adapter et de développer des mouillages
appropriés et d’apporter une assistance technique aux utilisateurs de DCP
de la région (Mclntosh, 1984).

Les premiers résultats indiquaient que les rendements des pécheurs
artisans, opérant a la ligne de tralne autour de ces structures, éraient
significativement différents et meilleurs que ceux obtenus hors des
DCP. La composition spécifique des prises variait selon les sites. Le tha-
zard batard (Acamthocybinm solandri) et les barracudas (Sphyraena barracuda)
ont été les especes les plus fréquentes dans les captures autour des DCP,
alots que la dorade coryphéne (Coryphaena hippurns) et les thazards,
(Scomberomorus cavalla) étaient plus communs dans les captutes réalisées
ailleurs (Goodwin, 1986).

Avant et apies cette expérience émanant d'une volonté exprimée col-
lectivement par plusieurs pays de la zone, de nombreuses expériences
d'implantations de DCP sont citées dans la littérature. En 1969, des dis-
positifs cdtiers sont implantés a Panama City en Floride (Klima &
Wickham, 1971). Les espéces ciblées appartiennent & la catégorie des
petits poissons pélagiques. Des essais de DCP sont entrepris aux iles
Vierges américaines a partir de 1980 (Clavijo e /., 1987). A Porto
Rico, en 1982, des DCP sont ancrés entre 120 et 250 m de fond sur I'ini-
tiative d'un pécheur sportif (McIntosh, 1984). Plusieurs expérimenta-
tions de DCP ont été réalisées autour de cette Tle, notamment en 1986,
afin de tester leur capacité a améliorer les prises de poissons pélagiques
de la péche commerciale et de la péche récréative. En 1985, des expé-
rimentations ont eu lieu en Caroline du Nord (Stephan & Lindquist,
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1989) et en Caroline du Sud (Rountree, 1990). Ces études portent sur
Leffec de différentes formes de structures sur agrégation des poissons.
Au cours des années quatre-vingt, plusieurs fles de la Caratbe ont tenté
de développer leur activité sur les grands poissons pélagiques par 'uti-
lisation de DCP : la Martinique a partir de 1982, Sainc-Kitts en 1985
(Goodwin, 1986), la Guadeloupe et la Dominique de 1988 a 1990
(Guiste, comm. pers.), Grenade en 1989, Haiti (Prado, 1991), Porto Rico
(Fiegenbaum ez «/., 1989), Cuba de 1990 4 1996 (Carles, comm. pers.),
Curagao depuis 1993 (van Buurt, 1995), Sainte-Lucie en 1997 (Walters,
comm. pers.).

De toutes ces expérimentations, il ressort que la volonté de développer
la péche des poissons pélagiques du large, a I'aide des DCP, est mani-
feste dans pratiquement toutes les les de la Caraibe. De nombreuses
expériences ont été réalisées sur des périodes plus ou moins longues,
pendant plus de trente ans. Les DCP expérimentés ont été souvent
mouillés pres de la cote, par des fonds peu importants et, de ce fait, ne
concentraient que les petits pélagiques cotiers ou les espéces rencon-
trées sur le plateau insulaire. La technique de péche mise en ceuvre
pour évaluer Ueffec des DCP sur les prises des professionnels était pra-
tiquement toujours la ligne de traine. Les prises autour des DCP sont
estimées égales A celles des péches effectuées sans dispositif. Au cours
des expérimentations, la durée de vie des DCP est généralement un objet
de préoccupation et conditionne patfois leur emplacement. Les conclu-
sions des études présentent invariablement les DCP comme un moyen
intéressant de développer la péche professionnelle cotiere et la péche
de loisir. Mais, malgré ces résultats encourageants, la péche a I'aide de
DCP ne s'est pas développée comme il était espéré.

A notre connaissance, 'utilisation courante des DCP ancrés par les
pécheurs professionnels de la région Atlantique Centre-Ouest est appa-
rue dans les fles de la Caraibe vers la fin des années quatre-vingt. Ce
nouveau mode de péche se pratique de fagon continue et depuis plu-
sieurs années, avec des DCP opérationnels, dans seulement quelques
fles de la Caraibe : Guadeloupe, Martinique, Curacao.

L'historique du développement des DCP en Guadeloupe

En Guadeloupe, le premier DCP mis & 'eau, dans le cadre d'un pro-
gramme de développement, a été mouillé en 1988 par le SDAT (Set-
vice de développement et d'aide technique & fa péche) sur un fond de
870 m, au large de la Pointe Lézard 4 Bouillante, sur la c6te caraibe de
I'tle. Lobjectif de cette opération était de tenter de relever le revenu des
pécheurs. Ce premier DCP a eu une durée de vie courte d’environ
trois mois (Paulmier, 1992). A la suite de cette expérience, deux autres
opérations de développement ont été réalisées par le SDAT. En 1994,
dix DCP étaient disposés autour de la Guadeloupe. Lobjectif de cette
opération était de faire connaitre cette technique & tous les pécheurs autour
de I'tle. Puis, en 1997, un programme d’expérimentation de nouveaux
types de DCP a été engagé. L'objectif était d'améliorer la longévité des
dispositifs.
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C'est & la suite de U'opération réalisée en 1988 que les pécheurs guade-
loupéens se sont appropriés les DCP. Un pécheur a fabriqué ses propres
DCP, donnant 'exemple aux aucres professionnels. Par la suite, des dis-
positifs construits par eux ont été observés d'abord sur la cOte caraibe,
puis dans le nord du Grand-Cul-de-Sac-Marin (au nord de I'tle). En 1992,
une trentaine de DCP ont été recensés par enquéte auprds de pécheurs
(Paulmier, 1992), 25 sur la c¢6te sous le vent et 5 a 10 dans le Grand-
Cul-de-Sac-Marin. En octobre 1993, une campagne non exhaustive de
repérage de DCP en mer, réalisée sur la cOte sous le vent de la Guade-
loupe, a permis de dénombrer et de positionner 48 DCP (Lagin &
Ledouble, 1994). Depuis, le développement des DCP se poursuit si 'on
en croit les divers témoignages des professionnels, mais aucun suivi
n'en a écé réalisé.

Les DCP construits par les pécheurs guadeloupéens sont faits, le plus
souvent, avec du matériel de récupération. Une simple bouée, voire un
bidon de 20 | constitue le flocteur principal de surface. Dans certains
cas, des petites bouées de 2 1 soulagent le cordage avant la bouée prin-
cipale. Le lest est constitué de vieux moteurs ou de blocs de béron frac-
tionnés, de 50 kg chacun. La ligne de mouillage est un cordage en
polypropylene (pp) de 8 & 12 mm de diamécre. Les premiéres années,
du « frion » (ruban de plastique ordinairement utilisé pour le cercla-
ge des colis) pouvait remplacer le cordage. Dans ce cas, les vingt pre-
miers mécres, sous le flotteur principal, ainsi que les vingt derniers
metres, reliés au lest, sont en pp (Paulmier, 1992). Actuellement, le
« frion » a été abandonné au profit de la « ficelle de banane » (ficelle
de 4 mm de diametre constituée de brins jointifs en pp, utilisée pour
haubaner les bananiers). Dans ce cas, dix brins de ficelle de banane
d'une longueur de 3 000 m pour une profondeur de 2 000 m sont jux-
taposés pour constituer le cordage. Vingt bobines de 1 500 m de ficel-
le sont alors utilisées pour chaque DCP ainsi congu. Le prix de ces DCP,
pour une profondeur de pose de 2000 m, est d’environ 3 000 4 4 000 FE,
lorsqu’ils sont congus & l'aide de cordage toronné de 12 mm de diamétre.
Ce prix est divisé par deux lorsque le cordage est remplacé par de la
« ficelle de banane ». Ainsi construits, les DCP durent en moyenne entre
5 et 9 mois, selon les pécheurs.

Certains pécheurs possédent 5, voire 10 dispositifs, répartis sur diffé-
rents sites, d’autres n’en exploitent qu'un & la fois. Au début, les pécheurs
guadeloupéens mouillaient leurs DCP par 700 a 900 métres. Puis, la
tendance a été de les éloigner de plus en plus, sur des fonds de 1250 4
1400 m puis 2000 métres. Aujourd’hui, les pécheurs mettent leurs DCP
jusqua 50 milles au large. Avec cet éloignement, les professionnels
notent une diminution des conflits entre utilisateurs et des risques de
rupeure des DCP due au trafic maritime.
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L'historique du développement des DCP en Martinique

En Martinique, la mise 2 'eau du premier DCP a écé effectuée par
I1sTPM! au large du Robert par 300 m de profondeur, en décembre 1982.
Lidée de cet essai était inspirée de 'expérience menée par 'Bvaam
Tahiti (Ugolini & Robert, 1982). Les résultats intéressants de péche
autour de ce premier DCP ont conduit a la réalisation d’un programme
d’expérimentation avec la participation financiére du Fidom départe-
mental (Fonds d'investissement des départements d’outre-mer). Trois types
de DCP de conception simple et peu coliteux ont été expérimentés sur
des fonds de 300 & 500 m autour de I'fle. Lobjectif écait de favoriser,
tout au long de l'année, la formation de concentrations de poissons en
des lieux repérables, 4 faible distance des cotes, afin d’assurer une péche
pélagique plus rentable et plus réguliere (Sacchi & Lagin, 1985). Mais,
les résultats de péche obtenus autour des dispositifs, bien que jugés inté-
ressants par les pécheurs, n'ont pas écé suffisants pour entrainer un chan-
gement d’activité des professionnels.

Clest en 1989, 2 la suite d’un programme d’'évaluation de la pécherie,
réalisé au cours de la seconde moitié de la décennie quatre-vingt, qu'il
a été décidé de rechercher les moyens de diversifier l'activité de la péche
par une exploitation plus intense des ressources pélagiques du large.
Pour cela, un programme cofinancé par I'Ifremer et le conseil régional
de la Martinique a été lancé. Il a débuté par une écude bibliographique
sur la biologie et la péche des grands poissons pélagiques en Marti-
nique et en région caraibe (Battaglia, 1993). Ce travail a permis de
mettre en évidence que la péche traditionnelle (péche « a Miquelon »),
par les techniques mises en ceuvre (lignes de trafne en surface), ne pou-
vait accéder A toutes les espéces présentes dans les eaux de la région. La
profondeur insuffisante des engins, la saison (de décembre 4 juin) et les
heures de péche (de jour) ainsi que les lieux fréquentés par les pécheurs
(exclusivement la facade atlantique) laissaient supposer que toutes les
ressources en poissons pélagiques hauturiers aurour de I'fle pouvaient
ne pas étre pleinement exploitées.

Pour vérifier ces hypothéses, il érait nécessaire de réaliser des péches expé-
rimentales. Compte tenu du fait que les passages de poissons péla-
giques a proximité de 'fle sont relativement diffus, le DCP paraissait
un moyen de favoriser les captures.

Par ailleurs, le DCP a été retenu comme la technique la mieux appro-
priée pour répondre efficacement aux besoins immédiats des profes-
sionnels antillais. Les résultats attendus du développement des DCP
sont les suivants :

- permettre aux professionnels de passer du plateau insulaire, trés exploi-
té, 4 une activité plus tournée vers les ressources pélagiques hautu-
riéres, sans changer d’outil de production;

- éviter I'extension des zones de péche, en particulier dans les ZEE (zone
économicue exclusive) des pays voisins;

1. Institut scientifique et technique des péches maritimes (ISTPM), devenu [lfremer en 1984,
aprés fusion avec le CNEXO.
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- permettre 'exploitation de nouvelles especes non rentables jusqu’ici
car insuffisamment concentrées et rendre la péche des pélagiques moins
saisonniere ;

- réduire la consommation de carburant et, si possible, 'augmentacion
de la puissance motrice;

- augmenter les revenus des pécheurs.

Les premiers DCP mis & I'eau dans le cadre de ce programme ont été pla-
cés en premier lieu sur la cbee atlantique de I'tle. Ce choix tenait au fait
que la péche traditionnelle se pratique sur cetee cdte et, par conséquent,
les passages de pélagiques y sont connus. Parallelement aux péches
expérimentales, un suivi de la péche professionnelle autour de DCP a été
réalisé, tant en Guadeloupe qu'en Martinique, & 'aide de fiches de péche.
Alors que les péches expérimentales ne donnaient pas de résultat satis-
faisanct, l'analyse des fiches de péche a permis de noter des captures
importantes de thons jaunes. En effet, plus de 70 kg de cette espece
étaient capturés en moyenne par sortie au cours du mois de septembre
1992. Ces prises ont eu lieu en un point au sud de la Guadeloupe, sur
la cote caraibe oli la péche 4 l'aide de DCP commengait a se développer.
Apres enquéte, il s'est avéré que c’est grice a des péches profondes a
'aide de lignes verticales et d’appits vivancs (péche « au bidon ») que
les pécheurs guadeloupéens arrivaient a faire de telles prises.

Fort de ce premier résultat, une action de transfert, touchant les pécheurs
de la cote caratbe de la Martinique, a été organisée en 1993 avec le
comité des péches maritimes et des élevages marins (structure repré-
sentative de la profession). Cette action a été accompagnée d'un trans-
fert de la technique de péche « au bidon ». Depuis cette date, des DCP
opérationnels sont gérés par le comité des péches. Apres avoir intéressé
essentiellement les pécheurs de la cote caraibe de I'lle, les DCP sont de
plus en plus exploités par ceux de la c6te atlantique. Ces derniers ont
tardé A se mettre & cette nouvelle activité en raison de la rentabilité éle-
vée de la péche « a Miquelon » qui leur paraissait plus intéressante.
Parallelement au développement de la péche autour des DCP, les pro-
grammes de recherche ont écé poursuivis avec quatre objectifs principaux :
- apporter une meilleure connaissance de la localisation spatio-temporelle
des poissons pélagiques et identifier des espéces peu ou pas exploitées
autour des DCP;

- faire les premiéres obsetvations en vue de-définir la localisation opti-
male des DCP autour de ['fle;

-recueillir des informations générales sur la péche autour des DCP, des-
tinées a suivre les évolutions de cette nouvelle activité;

- commencer & évaluer I'impact sur les ressources halieutiques de la
péche autour des DCP.

Une recherche technologique a également été entreprise afin d’identi-
fier les causes de perte des DCP et de trouver des solutions pour allon-
ger leur durée de vie @ moindre cofit. Ces travaux ont permis d’augmenter
la longévité des DCP opérationnels gérés par les professionnels. Aujour-
d’hui, les DCP utilisés en Martinique cofitent environ 10000 FF lors-
qu'ils sont posés sur des fonds de 2000 métres.
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Le développement des DCP a Curacao

Curacao est la seule Tle des Antilles néerlandaises ol les DCP ont écé déve-
loppés. Lextension du programme de développement de ces disposi-
tifs, conduit par le département de I'Agriculture et des Péches de Cura-
¢ao, est demandée par Bonaire qui devrait en bénéficier prochainement.
Le plateau insulaire de Curacao est écroit et les ressources démersales
y soat forcement exploicées par des unités non pontées de 3 4 5 m de
long, équipées de moteur hors-bord de 6 4 25 ch, mettant en ceuvre des
lignes a main. Une péche a la tralne en haute mer s’est développée a
l'aide d’unités plus importantes, de 5 4 10 m, équipées de moteur die-
sel intérieur de 70 2 120 chevaux. Ces unités ont leur activité orientée
sur les poissons pélagiques. Cette péche des pélagiques est plus productive
que la péche des poissons démersaux du plateau insulaire. Avec les
grandes unités déja en place et un marché local demandeur de leurs
produits, le développement de DCP paraissait une étape logique pour
augmenter cette production.

Le premier DCP a été posé en 1993. Au total 5 DCP ont été posés a ce
jour, par des profondeurs comprises entre 574 et 754 métres. Ces dispo-
sitifs ont été congus 2 partir de plans de DCP utilisés dans le Pacifique
Sud. La durée de vie moyenne des DCP en place est de quinze mois et la
durée maximale, a ce jour, de plus de trois ans. Pour obtenir ce résulrat,
des adaptations du plan initial ont du étre apportées afin de tenir
compte, en particulier, des conditions de courant et de houle aux abords
de Curacao. Le prix des DCP déployés a Curacao est d’environ 65 000 FE
La localisation des DCP a fait 'objet d’une réflexion & Curagao. Les critéres
proposés @ priori pour définir les positions idéales prennent en compte
la connaissance des passages de poissons, le relief du fond et le trafic
maritime qui peuvent écre a 'origine de perte de DCP, I'accessibilité aux
artisans pécheurs et la proximité d’autres DCP pouvant interférer.

Evaluation du fonctionnement

Les programmes de suivi et d’évaluation de ['activité autour des DCP
sont rares dans la Caraibe et les informations existantes encore incom-
plétes. Des observations scientifiques permettent d’avoir une connais-
sance de la dynamique de colonisation proche de la surface ainsi qu'une
liste d’especes observées sous les DCP. Aucune érude économique n'a
encore été réalisée pour évaluer la rentabilité des DCP et de la péche
associée & ces dispositifs. Toutefois, le développement de la péche a
'aide de DCP en Guadeloupe est un élément en faveur d’une viabilité
économique de cette activité puisque les DCP sont mis a l'eau et exploi-
tés depuis plusieurs années par des entreprises privées, sans aucune aide
publique. Ces entreprises, qui, pour certaines d’entre elles, ne pratiquent
que cette péche tout au long de 'année, ne financent leurs DCP que par
la péche qu'ils engendrent.

Sur deux iles (la Martinique et la Guadeloupe), les prises réalisées autour
des DCP par des pécheurs professionnels ont été enregistrées, pendant
plusieurs années, grice & des fiches de péche remplies pat des patrons
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pécheurs. Des données collectées en trois points autour de la Martinique
de juiller 1998 2 juin1999, a l'occasion d'un programme de mensura-
tion des poissons pélagiques provenant de péches sous et hors DCP, ont

également écé traitées.

Le fonctionnement des DCP en Guadeloupe

En Guadeloupe, les techniques de péche utilisées autour des DCP sont
la ligne de traine en surface et la péche dite « au bidon » en profon-
deur. En premier lieu, une péche de petits thons se faic a I'aide de lignes
de trafne munies d'un leurre. Les premieres prises de petits individus
sont maincenues vivanees et servent comme appit pour la péche « au
bidon ». Plusieurs « bidons » sont mis a I'eau en méme temps autour
d’'un DCP; il a été dénombré jusqu'a 13 « bidons » posés simultanément
par une méme embarcation (Paulmier, 1992). Pendant la dérive des
« bidons », la péche a la trafne est poursuivie.

La durée moyenne des sorties de péche est de 7h 14 et le temps de
péche autour des DCP est de 5 h 30 (Lagin & Ledouble, 1994).

En 1992, les rendements moyens annuels (prenant en compte les sor-
ties sans prise) ont écé de 30 kg par sortie. Ils ont augmenté progres-
sivement pour atteindre 43 kg en moyenne en 1995. Dans le méme
temps, les rendements horaires sont passés de 6 kg en moyenne sur
l'année 1992 & un peu plus de 9 kg pour 'année 1995. La proportion
des poissons porte-épée est passée de 30 % des débarquements en 1992
et 1993 2 38 9% en 1994 et 50 % en 1995. Les rendements moyens men-
suels observés sur les quatre années sont les plus faibles de juin a aofit
et maximaux de septembre & novembre. Ce sont essentiellement les
petits thonidés qui sont capturés pendant la morte saison et les espéces
de grande taille, comme les poissons porte-épée ou les gros albacores, qui
constituent les prises des mois ott les rendements sont les plus élevés. La
dorade coryphéne est surcout abondante entre mars et juin (avec un
pic en mai). Sur 'année, ce sont les albacores, les poissons porte-épée
et les dorades qui sont les plus représentés dans les débarquements des
pécheurs de la cdte caraibe de Guadeloupe, les proportions de ['une ou
de l'autre espéce variant selon I'année (Le Guen ¢ a/., 1996).

Le fonctionnement des DCP en Martinique

En Martinique, les principales techniques de péche utilisées autour des
DCP sont les mémes qu'en Guadeloupe : la ligne de traine permert la
péche des poissons de surface et la technique du « bidon » est mise en
ceuvre pour la capture des plus gros poissons se trouvant préférentiel-
lement en profondeur.

Leffet de la profondeur de mouillage de DCP placés au-dela du plateau
insulaire, par 1000, 1500 et 2000 m de profondeur, na pas pu étre
mesuré bien que des différences aient écé constatées entre les différents
sites d'implantation. Mais la variabilité des données, obtenues a partir
des déclarations des professionnels, est trop grande et les techniques
utilisées par les pécheurs insuffisamment décrites dans les fiches de
péche pour qu'il soit possible d’en tirer des conclusions.
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Les sorties effectuées par les pécheurs de la c6te caratbe de I'fle autour
des DCP durent en moyenne 5 h 30. Deux sorties peuvent étre faices le
méme jour. Le temps de péche est en moyenne de deux & trois heures et
demie par sortie (Guillou ez af., 1995). Les sorties de péche sont donc plus
breves qu'en Guadeloupe. Cela s’explique par le fait qu'en Martinique
les DCP sont plus proches de la cdre et moins nombreux.

Alors que du c6té caraibe les sorties se font exclusivement sous DCP,
sur la cbte atlantique de la Martinique, des sorties mixtes (péche « 2
Miquelon »-péche sous DCP) étaient d’abord pratiquées. En allant vers
le large, 6t le matin ou au retour, dans 'aprés-midi, les pécheurs res-
taient de 30 min a 1 h30 autour des DCP (Guillou ¢f #/., 1995). En 1998-
1999, certains pécheurs de la cbte atlantique ont spécialisé leur acti-
vité et pratiquent une péche exclusivement sous DCP.

Quelques éléments d’appréciation économique ont pu étre dégagés a
partir d'un échantillon de débarquements de péche des pélagiques en
Martinique. Ils permettent d’avoir une idée des changements induics
par les DCP par rapport & la péche traditionnelle des grands poissons
pélagiques du large. En tout, 209 débarquements ont été échantillonnés
de fagon systémacique, (sans prise en compte des sorties sans capture) en
deux points sur le lictoral, entre juillec 1998 et juin 1999. Les données
analysées portaient sur 164 sorties de péche autour de DCP et 45 de péche
«a Miquelon ».

Leffectif embarqué est le méme pour la péche « & Miquelon » et autour
des DCP, en moyenne 1,8 homme par sortie.

La consommation moyenne d'essence est deux fois moindre 4 la péche
sous DCP (70 | par sortie) que pour la péche « 2 Miquelon » (140 1 par
sortie). Cette différence de consommation est due & la puissance des
moteurs qui est supérieure dans le cas de la péche « a Miquelon » (en
moyenne 117 ch) a celle de la péche autour de DCP (91 ch). La diffé-
rence de consommation de carburant entre les deux métiers est égale-
ment le résultat d’une durée des sorties plus élevée dans le cas de la
péche « a Miquelon » (9h au lieu de 5 h 30 pour la péche sous DCP).
Les débarquements moyens par sortie sont plus faibles pour la péche
sous DCP que pour la péche « & Miquelon », respectivement 26,7 kg
et 59 kg. Cependant, la péche sous DCP se pratique toute 'année alors
que la péche « a Miquelon » ne dure que de décembre & juin. Pendant
cette période, les débarquements de la péche autour de DCP ont écé de
36 kg par sortie. Les rendements par sortie sous DCP sont moindres en
Marcinique qu'en Guadeloupe. La durée plus faible des sorties et le
nombre inférieur de DCP en sont certainement les causes principales.
Des prises effectuées a l'aide de « bidons » ont été observées dans les
débarquements de 8 % des sorties.

La composition spécifique des prises sous DCP différe de celle des prises
de la péche « a Miquelon ». Sous DCP, ce sont les thons noirs qui domi-
nent (29 % du poids total débarqué), puis les albacores (27 %) et les
marlins bleus (Makaira nigricans) avec 24 pour cent. A la péche « a
Miquelon », la dorade coryphéne constitue la part la plus importante
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des débarquements (53 % du poids débarqué), viennent ensuice le tha-
zard batard (Acanthocybinm solandri, 28 %) et 'albacore (10 %). Les
thons noirs ne représentent que 5 % en poids des captures de la péche
« & Miquelon ».

La composition spécifique des captures « a Miquelon » est caractéris-
tique d'une péche de surface. Les dorades corypheénes constituent la
cible principale de cette péche. Les petits albacores qui sont en surface
sont capturés A la ligne de traine. Les gros albacores et les marlins bleus
péchés en profondeur autour des DCP ne sont pas capturés « a2 Mique-
lon ». Lexistence de ces poissons autour des bois dérivants serait a
vérifier car les techniques de péche utilisées sont mises en ceuvre trop
pres de la surface pour pouvoir les caprurer.

Il faurt noter que les prises sous DCP sont constituées de nombreux juvé-
niles de certaines espéces (thon noir, albacore. . .) dont certains servent
d’appat pour la péche « au bidon ». Ces juvéniles sont péchés en sur-
face a la ligne de craine.

Perspectives : développement et pérennisation de la péche
autour des DCP

Le développement de la péche associée & des DCP n'est pas achevé et de
nombreux changements apparaissent encore tant au plan des techniques
de péche mises en ceuvre que de la conception des DCP, de leur locali-
sation ou de leur mode de gestion.

Les perspectives de développement de la péche autour des DCP

Les concentrations de poissons autour des DCP sont encore peu connues
et, de ce fait, peu exploitées. En effet, & partir d’'un programme de
recherche réalisé entre 1995 et 1999, il a été mis en évidence la pré-
sence, sous les DCP, de concentrations importantes de poissons peu ou
pas exploités par les professionnels. Il sagit en particulier de I'espadon
(Xiphias gladins) et du thon noir adulte, observés en bancs importants
en plongée sous-marine alors que les prises des professionnels sont
relativement faibles. D’autres poissons de moindre imporrance mais
de bonne valeur commerciale peuvent également faire I'objet de prises
complémentaires, comme le poisson Taractichthys longipinnis, (Taquet
et al., 1998).

Par ailleurs, des interrogations subsistent sur le potentiel que représente
certaines espéces qui sont trés rarement capturées par les pécheurs des
Antilles francaises mais dont la présence est notée dans la littérature et les
prises enregistrées dans les statistiques de péche régionale élaborées par
la FAO (Shatz, 1999). Parmi celles-ci, le thon germon fait 'objet de débar-
quements qui ont atteint jusqu'a 4200 t en 1973, dans I'Atlantique
Centre-Ouest. Cette espece vit préférentiellement a des profondeurs
supérieures 4 celles exploitées par les pécheurs artisans; c’est ce qui
peut expliquer que I'espéce n'apparaisse pas dans leurs prises. Le thon
obgse vit également a des profondeurs supérieures a celles exploitées par
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les arcisans pécheurs ancillais. Plus de 4000 ¢ par an de cecte espece
ont écé enregistrées dans les statistiques de débarquement concernant
I'Atlantique Centre-Ouest. Au cours des campagnes de péche expéri-
mentale réalisées entre 1995 et 1997, cing thons obéses ont été péchés
entre 270 et 550 m de jour, et en surface de nuit (Taquet et /., 1998).
Le chon rouge est, comme le précédent, I'objet de prises crés variables
d’'une année sur 'autre. Les captures dans I’Aclantique Centre-Ouest
ont acteint 2400 ¢ en 1967.

Il est également probable que les bois dérivants, exploités tradition-
nellement par les pécheurs des Petites Antilles, concentrent, comme les
DCP dérivants, des quantités imporcantes de poissons. La vérification
de cette hypothése mériterait d’écre faite et apporterait des informations
intéressantes sur le déplacement des poissons pélagiques dans la région
des Petites Antilles.

Le développement de la péche associée aux DCP ne manquera pas de se
faire dans I'ensemble des pays des Petites Antilles, grice & un transfert
des techniques déja éprouvées. Laugmencation de la densité de DCP est
certainement un moyen de développer cette activité de péche dans les
fles ol elle existe, comme en atteste les différences de résultats d’ex-
ploitation entre la Guadeloupe et la Martinique. Toutefois, il est indis-
pensable de recueillir, dés & présent, les données qui seront nécessaires
a I'évaluation de la densité optimale de DCP car il existe certainement
une densité au-dela de laquelle toute augmentation du nombre de dis-
positifs ne s'accompagnera pas d’un accroissement des prises.

Les perspectives de pérennisation de la péche autour des DCP
Comme toute forme d’exploitation des ressoutces halieutiques, la péren-
nisation de la péche autour des DCP tient en grande partie aux ressources
exploitées et a leur capacité a supporter cette nouvelle activicé. D'ores et
déja, il ressort des premiéres observations réalisées sut les débarquements
de cette péche, que des techniques plus sélectives doivent écre recher-
chées. Celles-ci doivent permettre de capturer des poissons adultes et
d'éviter les prises de juvéniles concencrés en surface. Compte tenu des déve-
loppements possibles de la péche autour des DCP dans la région caraibe,
un effort doit également étre fait pour améliorer les statistiques de péche
qui ne permettent pas, pour 'instant, de disposer d’évaluations suffi-
santes du niveau d’exploitation de certaines ressources.

Certains éléments spécifiques a la péche autour des DCP sont aussi 2
prendre en compte pour pérenniser cette activité. Il s’agit en tout pre-
mier lieu de la conception des dispositifs dont le colit et la durée de vie
sont encote 'objet de nombreux travaux car ils conditionnent le main-
tien d’un parc de DCP opérationnels. Des progres technologiques sont
encore nécessaires pour améliorer la fabrication des DCP.

Les préoccupations qui ressortent des actions d’accompagnement du déve-
loppement et de la gestion des DCP tiennent en grande partie aux
risques potentiels qu'ils représentent pour la navigation et aux conflits
qu'ils génerent entre pécheurs. Ces conflits résultent du fait que les
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concentrations de poissons qui se forment autour d’un DCP n’appar-
tiennent pas au propriéaire de ce dernier. De plus, les DCP favorisent
la concentration de nombreuses unités de péche sur un pecic espace, ce
qui impose la mise en ceuvre d’engins de péche compatibles entre eux.
A la lumire de ces constats, les aménageurs ont réagi de facon diffé-
rente selon les sites, en privilégiant le développement de DCP publics
ou collectifs (par exemple, Curagao et Martinique) ou en réglementant
leur fabrication, leur mouillage et leur exploitation (Guadeloupe). Ces
différents modes de gestion présentent des avantages et des inconvé-
nients, qui ne sont pas encote totalement éprouvés, tant pour faciliter
que pour mafcriser le développement de cette nouvelle péche. Les lecons
tirées des expériences en cours permectront vraisemblablement de défi-
nir un mode de gestion adéquat pour cette nouvelle activité pour
laquelle aucune solution idéale ne semble avoir été trouvée.

En Guadeloupe, les DCP privés, développés par les pécheurs eux-
mémes, ont permis de faire la preuve de l'intérét de cette nouvelle tech-
nique qu'ils ont appris a gérer individuellement sans financement
public. Lintérét de ce mode de gestion des DCP est d’avoir permis aux
utilisateurs de prendre des initiatives pour leur positionnement (recherche
des sites les plus favorables), pour leur fabrication (DCP a prix trés bas)
et pour leur mode d’exploitation (utilisation d’un ou de plusieurs
DCP...). La profession a ainsi pu trés rapidement profiter de cette nou-
velle péche dont les résultats, en termes de rendement par sortie, sont
supérieurs a ceux de la Martinique qui a opté pour un développement
plus encadré. Le bénéfice pour la collectivité qui n'a pas & soutenir de
facon continue cette activité est également incontestable.

Ce développement ne s’est pas fait sans conflits, parfois graves, entre
professionnels. Une des raisons pour lesquelles les pécheurs posent leurs
DCP de plus en plus loin de la cbte est en partie qu'ils souhaitent évi-
ter leur exploitation par des plaisanciers ou par d'autres professionnels.
Par ailleurs, le cofit des DCP érant 4 la charge des professionnels, ceux-
ci ont tendance a faire I'économie des équipements nécessaires a la sécu-
rité de la navigation, comme les réflecteurs radar ou les feux de bali-
sage nocturne. Avec ce mode de gestion, les risques pour la navigation
ne sont donc pas exclus.

Pour prévenir les conflits inhérents & ce mode de gestion des DCP, la régle-
mentation des péches en Guadeloupe (arréeé préfectoral n°® 981082 du
8 juin 1998) permet la pose de DCP par des privés mais, chaque dispo-
sitif doit faire P'objet d’une autorisation délivrée par I’ Administracion
des Affaires maritimes. Les DCP doivent &tre correctement balisés et
leur identification doit étre assurée par 'indication sur la bouée du
numéro d’'immatriculation du navire appartenant au marin pécheur qui
J'exploite. Afin de prévenir les conflits, l'exercice de la péche par des tiers
& l'intérieur d’un cercle d'un rayon d'un quart de mille centré sur le
DCP est interdit lorsque le propriétaire de celui-ci est présent.
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En Martinique, des financements publics sont actuellement attribués
au comité des péches maritimes et des élevages marins pour construire,
mectre & 'eau et entrecenir des DCP destinés uniquement aux profes-
sionnels. Corrélativement a ce financement, une délibération du comité
régional des péches a écé rendue obligatoire par ' Administracion, pat voie
d’arréeé pendanc cing ans i partir de décembre 1996. Cette délibération :
- fixe les objectifs du programme de mise en place des DCP;

- définit les conditions d’exercice de la péche autour des DCP, dans un
rayon d’'un mille centré sur la bouée de balisage;

- prend les mesures propres i protéger les DCP.

Le succes ou non de la gestion d’un parc de DCP par le comité des
péches jouera certainement un rdle important sur la structuracion de
la profession et sur sa maftrise du développement de cette nouvelle
péche. Il est trés probable que les financements publics ne seront plus
attribués au-dela de la phase de démarrage de 'activité. La capacité du
comité des péches a recueillir des fonds, en particulier auprés des pro-
tessionnels, pour la gestion en routine du parc de DCP, conditionnera
alors la pérennisation des DCP collectifs. Toutefois, il semble que le
développement de DCP privés soit inéluctable. Certains pécheurs exploi-
tent des DCP qu'ils mettent suffisamment loin de la cte, pour ne pas
subir la concurrence d’autres pécheurss. Il est probable qu'a c6té des
DCP collectifs gérés par le comité des péches, relativement prés des
cbres, on voit se développer, comme en Guadeloupe, des DCP privés a
une plus grande distance.

Pour sa part, ’Administration a pris un arrété d’autorisation d’exploi-
tation d’un érablissement de péche maritime, accordée au comité régio-
nal des péches pendant cing ans. Cette autorisation est consentie selon
des conditions définies par un cahier des charges accepté par les repré-
sentants de la profession.

Une commuission nautique a également été réunie par I'’Administration
afin de se prononcer sur le caractére nautique des DCP. Cette commission
a souhaité que le balisage du DCP soit assuré de maniére permanente de
jour comme de nuit. Un dispositif lumineux d’une portée minimale de
2 milles a été recommandé. Par ailleurs, une trés large information a été
préconisée, notamment par Avurnav (avis urgent aux navigateurs).

A Curacao, la prise en charge totale des DCP par 'Erat est jugée hau-
tement préférable a celle réalisée par les pécheurs eux-mémes. En effet,
les sites favorables & leur implantation, une fois pris en compte les diffé-
rents critéres retenus, sont relativement peu nombreux. La mise 2 I'eau
de DCP par les professionnels risque de générer des interactions avec le
trafic maritime. Les DCP sont la propriété du gouvernement de Cura-
cao et ils sont entretenus par le département de 'Agriculture et des
Péches (Dienst LVV). Leur mise 4 'eau se fait aprés consultation des
autorités porcuaires qui sont responsables de la navigation autour de
I'tle. Le département des Péches informe les pécheurs du fonctionnement
des DCP, notamment par l'intermédiaire de brochures de vulgarisation
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technique et scientifique. Des indications leur sont fournies sur les pré-
cautions et mesures 4 prendre pout éviter la destruction des dispositifs.
Ces DCP, d'un colit relativement élevé par rapport a ceux des deux
autres Tles, sont moins nombreux qu'en Martinique (cing, au lieu d’'une
trentaine gérée par le comité des péches de Marcinique) et bien moins
nombreux qu'en Guadeloupe (probablement plusieurs centaines). Ils
sont par contre enttetenus d'une fagon crés rigoureuse et leur durée de
vie est relativement élevée (plus de trois ans aujourd’hui).

Conclusion

A I'échelle de I' Aclantique Centre-Ouest, c’est dans la Caraibe insulaire
que la volonté de développer la péche autour de DCP est la plus mani-
feste. Cette volonté résulte du fait que les ressources démersales tradi-
tionnellement péchées sur des plateaux insulaires étroits y sont de plus
en plus exploitées et ne suffisent pas a satisfaire la demande des popu-
lations locales et d'une industrie du tourisme qui se développe. Le DCP
ancré est alors le moyen pour les péchenrs de proximité d’exploiter des
ressources pélagiques du large généralement peu accessibles aux embar-
cations dont le rayon d’action est limité. Les pécheries continentales ont,
quant a elles, développé des unités de péche de fort tonnage qui leur
ont permis d’accroftre leurs débarquements en poissons pélagiques.
De nombreuses expérimentations de DCP ont été réalisées dans la
Caraibe, dés la fin des années soixante. Malgré des résultats jugés inté-
ressants, la péche autour des DCP ne s’est pas développée, sauf a partir
de la fin des années quatre-vingt, dans quelques fles. Cette difficulté a
développer cette nouvelle activité est due essentiellement & deux causes :
la localisation des DCP et les techniques de péche utilisées pour les exploi-
ter. La localisation des DCP est souvent faite, soit en fonction des pas-
sages connus de poissons pélagiques, soit en fonction d'impératifs de
protection des DCP ou pour en faciliter I'acces aux professionnels. Dans
le premier cas, les DCP sont placés dans des zones ol les professionnels
pratiquent déja une péche rentable de sutface et sont peu enclins a s'in-
téresser & cette nouvelle technique qu’ils n'utilisent que ponctuelle-
ment. Dans le second, les DCP sont en général placés sur le plateau
insulaire et ne concentrent pas les especes du large. Quant aux tech-
niques de péche mises en ceuvre, elles n’exploitent que la couche d’ean
proche de la surface. Le développement de péche profonde a l'aide de
palangres verticales (péche au « bidon ») a permis une meilleure valo-
risation des concencrations sous DCP, en Martinique et en Guadeloupe.
Prés de 20 % des prises sous DCP et jusqu'a 50 % en Guadeloupe (en
1995) sont le fait de cette péche. C'est grice a cette technique que la
péche des poissons pélagiques autour de DCP est devenue une activité
a part entiére pour les pécheurs de certaines fles.

Les modes de gestion des DCP different selon les fles ol ils se sont
développés. Trois configurations ont été observées : prise en charge par
le secteur privé avec un encadrement de I'Btat (Guadeloupe), prise en
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charge compléte par I'Erat (Curacao) et prise en charge collective par
des groupements de pécheurs en collaboration avec I'Erat et avec un
cofinancement du conseil régional (Martinique). Le recul est encore
insuffisant pour bien apprécier les avantages et inconvénients de ces
différents modes de gestion. Ils semblent conditionner le colit et la
conception des DCP utilisés : légers et peu coliteux lorsqu’ils sont
financés par des privés, plus importants et plus onéreux quand ils sont
pris en charge par 'frat. Dans ce cas, ils sont mieux entretenus et
conformes a la réglementacion maritime (balisage...). Lorsqu’ils sont
gérés par des privés, leur nombre est plus élevé et ils sont parfois mis
tres loin de la cOte on les risques de conflits sont moindres. Lefficacité
de chaque mode de gestion des DCP reste a évaluer en termes de rapi-
dité de développement, incitation a I'innovation, cofit pour la société,
possibilicé de régulacion de l'activité, gestion des conflits, prévention
des accidents.

Quelle que soit leur conception, les DCP concentrent les grands pois-
sons pélagiques et facilicent 'exploitation de ces ressources hauturigres
par les unités de péche artisanale dont le rayon d’action est faible. Les
caractéristiques des dispositifs utilisés paraissent conditionnées essen-
tiellement par les possibilités techniques et financiéres de ceux qui en
ont la charge. Les travaux, souhaités par tous, pour améliorer les DCP,
en particulier en vue d’augmenter leur durée de vie et diminuer leur
cofit, devraient donc prendre en compte cette nécessité qu’ont les pro-
fessionnels ou responsables des services des péches de maftriser 'outil
qu'ils ont a gérer.

Plusieurs modes d’exploitation des DCP ont vu le jour en fonction du
nombre de dispositifs disponibles et de leur localisation. La durée des
sorties peut vatier du simple au double selon qu’il existe peu ou beau-
coup de DCP. Un ou plusieurs DCP peuvent étre exploités pendant la
sortie. Les sorties se font exclusivement sous DCP, comme sur les cbtes
caraibes de Martinique et Guadeloupe. Des sorties mixtes DCP-péche
a la trafne au large sont fréquentes sur la coee atlantique ot I'exploita-
tion des poissons pélagiques hauturiers est traditionnellement intense.
Une évolution vers une spécialisation des sorties est apparue apres quelques
années de présence de DCP sur la cbte atlantique de la Martinique.

Des perspectives de développement de la péche autour des DCP exis-
tent encore. Les concentrations de poissons sont peu exploitées autour
de ces dispositifs et certaines espéces, dont la présence a pu écre vérifiée
au cours de péches expérimentales, ne sont pas exploitées. Une densité
plus importante de DCP peut également favoriser le développement de
cette péche. Toutes les pécheries artisanales des pays insulaires de la
Caraibe pourraient développer la péche des poissons pélagiques hauturiers
a l'aide de DCP en mettant & profit U'expérience des iles ott se pratique
déja cette activité.

Apres s'8cre développés sur les cGtes caratbes, les DCP sont de plus en
plus exploités sur les cotes atlantiques de la Martinique et de la Gua-
deloupe. Il est probable que cecte évolution entrafne l'utilisation de
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technicues, comme la péche au « bidon », pour Uexploitation des bois
dérivancs lors des sorties de péche traditionnelle des poissons péla-
giques du large. Cela devrait entrafner un accroissement sensible des
prises si des concentrations du méme type que celles rencontrées sous
les DCP ancrés se forment sous les bois dérivants. Mais aucune recherche
n’a encore été entreprise pour vérifier une telle hypocheése.

La péche autour des DCP provoque des changements dans |'exploitation
des ressources halieutiques. C'est ainsi que les captures de juvéniles sont
plus importantes autour des DCP qu'a la péche traditionnelle de crafne.
Elles sont le fait de péches proches de la surface. Afin d’éviter de telles
prises, des techniques sélectives doivent écre recherchées. Le dévelop-
pement de la péche associée aux DCP entraine également une aug-
mentation des prises de certaines espéces de poissons pélagiques. Afin
d'évaluer le niveau d’exploitation de ces espéces, un suivi statistique de
la péche associée aux DCP doit étre organisé dans les Petites Antilles.
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Abstract

Hawaii was one of the first locations to adapt the Philippine payao
concept for use in high energy, deep-water environments. Initial expe-
rimental FAD deployments were made by the National Marine Fisheries
Service in 1977. In 1980, the State of Hawaii starced deploying FADs
in a programme that has since expanded to its current status of 52
approved surface FAD sites. Funding is primarily derived from federal
US programmes and the FADs are primarily focused on the sport fishing
community. FAD sites were selected to expedite access by sport fisher-
men; specific sites were chosen after consultation with fishermen at
public hearings. Since 1997, the FAD system has been managed on a col-
laborative basis berween the State of Hawaii and the University of Hawaii.
Hawaiian FADs evolved through two previous designs before the current
system of single-sphere spar-buoy was adopted. Today’s FADs have an
“inverse catenary” mooring system comprised of sections of floating and
sinking rope attached to a “tripod” concrete block anchor system. FAD
sites range between 3.2 km and 46 km from shore. Mooring depths
range between 200 and 3,000 metres. Average on-site longevity is
31 months; there is no correlation between longevity and depth of
mooring. Windward locations have significantly shorter lifespans than
leeward locations. Ten to twenty FADs are replaced each year. Each FAD
costs approximately US$ 7,500 to build and deploy.

Hawaiian FADs are heavily used by private and commercial sport fisher-
men and by small-scale artisanal and commercial fishermen. Commer-
cial pole-and-line boats occasionally use the FADs to capture skipjack
tuna. Hawaiian FADs will continue to be used for various types of
pelagic fisheries research.

Gerahical context

The Hawaiian archipelago is located in the Central North Pacific.
Although the entire archipelago strecches over 2,500 km from the
island of Hawaii ac 19°N-155"W to Midway and Kure atolls at about
28°N-178°W, the Hawaiian FAD system is deployed only around the eight
main Hawaiian islands which stretch from Hawaii to Kauai. These are
the permanently inhabited islands of the archipelago. Because the islands
are of volcanic origin, water depths increase very rapidly away from
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shore. In some places, the ocean is over 3,700 m deep wichin 15 km
of shore. Prevailing wind and surface ocean currencs are from the
Norch-Ease. The northeast “tradewinds” typically blow atc between
15 and 40 km/h which cause the ocean to have “tradewind seas” of about
1 to 2 m superimposed on any other existing ocean wave activity.

History of FADs in Hawaii

Hawaii was perhaps the first place where the Philippine payao concept
was adapted for use in deep, high-energy environments. Modern use
of FADs in Hawaii started in 1977 when the National Marine Fisheries
Service, Honolulu Laboratory (a federal US agency) deployed a few
experimental FADs in nearshore waters (Matsumoto ¢f #/., 1981; Sho-
mura & Matsumorto, 1982). Very good cacches of skipjack tuna (Kaz-
srwonns pelamis) were taken from around these early FADs by pole-and-
line baitboats and sport fishing was also reported to be excellent. Based
on these results, the State of Hawaii Division of Aquatic Resources
sought funding to deploy a network of FADs around the islands. In 1980,
26 FADs were deployed. These were of two types: the “pentasphere”
which was a group of 5 small (71 cm diameter) buoys welded together
and the foam-filled tire design (Higashi, 1994). However, following
analysis of the performance of these FADs and the reasons for FAD losses
and mooring failure, che system was changed to the use of a single
sphere float. By 1983, all Hawaiian FADs had been converted to the single
sphere design.

Higashi (1994) has prepared an exhaustive and detailed account of the
evolution of FAD design and deployment in Hawaii and, consequently,
the rest of this paper will focus on the current status of the Hawaiian FAD
system. We will also discuss the various research projects which have
focused on these FADs and projects which are planned for the future.

Rationale and funding for the Hawaiian FAD system

The majority of funding for the modern Hawaiian FAD system is obtained
from the Sport Fishing Restoration Act (SFRA). This is a federal US
programme designed to provide financial support for the management
and improvement of sport fisheries within the United States. The
money for this programme is raised through a 10% tax on sport fishing
equipment and taxes on pleasure boat fuel and importation tariffs on
pleasure boats. These funds are disbursed to individual States and, in
Hawaii, some of these funds are used to support the FAD system. The
SFRA requires that participating States provide some local funds to
match the federal money. From the 1980s until 1997, these matching
funds came from che budget of the Hawaii Division of Aquatic Resources
(HDAR). However, because of reductions in HDAR budget, the Hawaiian
FAD system is now administered on a cooperative basis by HDAR and
the University of Hawaii, which provides some matching funds for the
programme. Since 1997, the daily operation of the FAD system has
been conducted by the University of Hawaii.
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Because the large majority of the funding for the Hawaiian FAD system
comes [rom the SFRA, the system is primarily designed for the benefit
of sport fishing and is certainly not focused on industrial scale fishing.
This emphasis on sport fishing greatly influences the location of the
FADs and is the reason why all the FADs are located near the main
Hawaiian I[slands (that is, not in remote areas). Sport fishermen were
consulted when the sites for individual FADs were selected.

Design, deployment and location of FADs

Design

Since 1983, all Hawaiian FADs have been of the single-sphere, spar-type
float. The float consists of a steel sphere (147 cm diameter) to which
are attached a 1.1 m hollow tubular mast to hold the light system and
a 2.1 m counterweight pipe which is welded to the bottom of che float.
The TAD weighs 399 kg and has a positive displacement of 1,361 kilo-
gramme. Thirty mettes of 13 mm chain ate attached to the counterweight
pipe by a shackle-and-swivel and another shackle-and-swivel links the chain
to the mooring rope system. Zinc anodes are installed on the chain.
The mooring system is comprised of sections of negatively buoyant
polyester-polyethylene rope and positively buoyant polypropylene-
polyethylene rope which deploys in an inverse catenary system of the
type described by Boy & Smith (1984) and Gates e /. (1996). FADs
anchored in windward locations are moored with 25 mm diameter rope,
FADs deployed in leeward locations are anchored with 19 mm diameter
rope. The mooring scope ratio is nogmally 1.3:1 although scopes of 1.53:1
are used in locations with very strong currents. The entire mooring rope
(both the sinking and floaring sections) is purchased from the manu-
facturer in one piece. That is, Hawaii personnel petform no splicing of
the two rope sections because the sinking and floating sections of the
mooring are seamlessly connected by the manufacturer. The mooring rope
is anchored by 25 metres of 13 mm chain to each of three 771 kg
concrete block anchors deployed in a “tripod” configuration. The light
system is a yellow light flashing every 15 seconds and powered by a
bank of 6-volt batteries and activated by a light-sensitive switch.

Deployment

Deployment is conducted exclusively by commercial vessels chartered
specifically for this task. Over the years, a variety of different companies
have been used. Differences in the skill level of the different deployment
boat operators have been one of the persistent problems with the ope-
ration of the Hawaiian FAD system. In a normal deployment operation,
the float is deployed first, the mooring line is payed out on the ocean
surface and, finally, the anchors are released from the vessel.

In order to reduce the costs of deployment, missing FADs are replaced
in groups, or “batches”. In this way, several FADs can be replaced during
a single charter of a deployment vessel, which might, for instance,



Figure 1

Location of FADs around

the main Hawaiian Islands.
Persistent northeast
tradewinds allow the FADs to
be divided into “windward"
and “leeward” locations.
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deploy six replacement FADs in a single crip. Typically, becween 10
and 20 FADs are replaced each year. Currently, cthe average cost for each
FAD is approximately US$ 7,500 per FAD (including rope and mooring
components, float sphere, fabrication and deployment). Because the
rope is the single most expensive component, there is considerable
variation in cost among FADs because of the wide range of mooring
depths. Batteries are replaced during periodic maintenance and during
deployment trips.

FAD locations

As mentioned previously, the principal rarget group for Hawaiian FAD
system is the sport fishing community. Because of chis, all FAD loca-
tions are within a one day transit distance from at least one of the main
Hawaiian Islands (fig. 1). Many of the current FAD sites were selected
on the basis of public meetings with fishermen and sport fishing clubs.
After initial selection of sites that were preferred from a fishing pers-
pective, some were discarded as unsuitable because of too much surface
vessel traffic or because of objections from the US military. The current
52 FAD sites are all approved by the US Coast Guard and the sites are
matked on official navigation chatts for the area.

Hawaiian FADs are located between 3.2 km and 46 km from the nearest
point of land. Depths of deployment range from approximately 200 m
to approximately 3 000 m with the majority located in water between
700 m and 1,600 m deep. Thirty-two sites can be considered “wind-
ward” locations and 20 are in “leeward” locations (fig. 1).
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Analysis of physical parameters of the current FAD system

In the past year, we have begun to analyse the physical performance of
the FAD system so that we can improve longevity, reduce costs per FAD
and improve the effectiveness of the system. Although minor changes in
construction materials and mooring components have occutred, the cur-
rent design and deployment strategy have been in place for about 15 years.
Analysis of the trends in longevity yielded some interesting results.
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Figure 2

Relationship between ocean
depth and FAD longevity.
Overall average longevity

is 31.2 months.
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Up to February 1999, single-sphere FADs of the modern design and
mooring system have been deployed on 275 occasions. Based on the
assumption that deployments of FADs that remained on-station for less
than one monch were due to improper deployment or other equipment
failure, durations of less than one month were excluded from analyses of
FAD on-site longevity. On-site durations of one month or less comprised
6% of total deployments. Excluding these durations of less than a
month, the overall average on-site longevity of Hawaiian single-sphere
FADs was 31.2 months (SD = 14.8). There was no correlation between
distance from shore and on-site longevity and there was no significant
correlacion between depth of deployment and longevity (r = 0.019,
df= 57, p>0.05). A plot of on-site duration versus deployment depth
illustrates that, at all depths, longevity is quite evenly distribuced
around the overall mean of 31.2 months (fig. 2). This is somewhat unex-
pected finding with important ramifications. For instance, it means
that FADs could be placed furcher from shore to service commercial
vessels or to service “long-range” sport fishing and have the same longe-
vity expectations as nearshore FADs. Given the fact thac chere is some
evidence that remote FADs aggregate more fish (Kakuma, 2000), this
result suggests that the number of “distant” FADs could be increased
without too much increase in cost to the programme.
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By contrast, there is significant difference (p < 0.05) between FADs
moored at “windward” locations and those moored at “leeward” loca-
tions even though the windward FADs are mooted with chicker rope.
Average on-site duration at windward sites is 24.9 months (SD = 8)
whereas leeward sites average is 43.4 months (SD = 17). It is usually not
possible to confirm the reasons why FADs break from their moorings
because the FAD is often not recovered for inspection or is recovered only
after it has incurred additional damage after che initial failure. However,
the most common confirmed cause of failure in Hawaiian FADs is the
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swivel-shackle assembly where the rope meets the chain or where the
chain meets the bottom spar on the floac. Ocher quite common causes
of loss are parting of the mooring line and being run over by very large
vessels such as inter-island cargo barges.

The failure of the swivel-shackle assembly may be one of the reasons why
windward FTADs have shorter lifespans than leeward FADs. It is possible
that the more exposed windward locations have more “tradewind seas”
that impart more short-frequency movements and friction damage in
components (such as the shackles) that are close to the surface. By
contrast, deeper components of the mooring system (such as the rope)
are more isolated from these surface conditions which are why there is
no correlation becween depth of mooring and the longevity of the FAD.
We are considering installing a small diameter “safety cable” that will
link the top of the rope and the bottom of the buoy so that, if the swivels
fail, the FAD will stay on station uncil repairs can be made.

Analysis of the longevity of FADs that ate still on-site since their last
deployment (that is, FADs currently in the water) shows they have been
on-site for an average of 37.7 monchs. That is about 6 months longer
than the overall, long-term average (31.2 months) and suggests that
the minor modifications we have made in mooring components and
attention to initial deployment conditions is paying off in terms of
overall longevity.

Recently, we have instituted an automatic telephone system that pro-
vides information about the current status of the FAD system and that
allows people to report any missing FADs. For the same reason, we have
constructed an interactive Web page which gives a history of the
Hawaiian FAD system and provides updates about the status of the FAD
system: www. hawaii.edn/hinb/fads/

Usage patterns and economic impact of Hawatian FADs

There have been no consistent records of the usage patterns of Hawaiian
FADs by private individuals or by the various commercial sectors of
the fishery. Further, the records of commercial landings of nearshore
fisheries in Hawaii are not sufficiently reliable or fine-scaled to give an
accurate picture of the impacts of FADs on Hawaiian economy.
Certainly, the FADs are extremely popular with the sport fishing sector
in Hawaii. The FADs are utilized by a wide range of sport vessels ranging
from large powerboats to small rubber craft and even man-powered
canoes. A wide variety of fishing methods are evident, the most common
being trolling, vertical jigging and drift fishing of live or dead bait.
The FADs are also used extensively for subsistence scale operations,
which targec small sizes of yellowfin tana (Thunnus albacares), bigeye
tuna (T obesus), skipjack tuna and, less often, mackerel scad (Decapie-
5 sp.). In some parts of the islands, the FADs contribute a significant
part of the food supply for families in those areas.
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Although the Hawaiian FAD system is intended primarily as an aid to sport
fishing and is underwritten by funds derived from the sale of sport
fishing equipment, commercial operations derive significant advantage
from che FAD system. Probably the biggest beneficiary s the com-
mercial sport fishing sector. Sport fishing charter boats visit the FADs
extensively and use the FTADs to catch target species such as tuna, marlin
and “mahi-mahi” (Coryphaena bippurus). They also use the TADs to catch
live bait for marlin fishing. FADs provide charter boats with much
improved chances of success, even if the fish are small tuna caught on
light tackle. In fact, light tackle sport fishing at the FADs is one of the
options promoted by the commercial sport fishing sector. Nearshore
handline fishermen that target large tuna for the high-quality sashimi
market also fish at the FADs both during the day and night in those
seasons when large fish can be found close to shore. The FADs are not
the primary location for these fishermen but form one part of their
overall fishing strategy.

The FADs are also used occasionally by live-bait pole-and-line boats
that primarily target skipjack tuna. Pole-and-line boats use the FADs
most often when fishing is bad in the whole region and, under these
circumstances, these vessels will also take small yellowfin and bigeye.
There are no legal restrictions that limit use of the FADs by commercial
operators although the pole-and-line vessels do often cause bad feelings
when they fish at the FADs. Because pelagic longline fishing is prohi-
bited within 25 miles (40 km) of the shore of the main Hawaiian
Islands, longliners do not utilize the FADs and there are no conflicts
between longliners and the other FAD users.

Fture prospects

For the foreseeable future, the Hawaiian FAD system will continue in much
the same way as it exists at the moment. This, of course, is contingent
on continued funding from the SFRA. Certainly, it is improbable that
Hawaii could maintain this system in the absence of federal funding.
A few new FAD locations are being discussed with fishermen and a few
seldom-used sites may be abandoned.

We do intend to continue and expand the research activities associated
with Hawaiian FADs. Several fisheries research projects have derived
significant benefit from access to the Hawaiian FAD system and, now that
the system is administered by the University of Hawaii, it is intended
that this tradition of research activities should be expanded. Hawaiian
FADs have been used in studies of the movement patterns of tunas (Hol-
land et /., 1990; Klimley & Holloway, 1999) and in a preliminary
investigation of the feeding behaviour of tuna at FADs (Brock, 1985).
Currently, the FADs are being used as an integral part of a large-scale tag-
and-release study to investigate the movement patterns of yellowfin and
bigeye tunas in Hawaii (Itano & Holland, 2000; Sibert ez «/., 2000).
These tag-and-release experiments will continue for several years with
an emphasis on elucidating the duration of residence and visitation
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patterns of tunas associated wicth FADs. Also, there are preliminary
plans to deploy a series of oceanographic instruments on the moorings
of several FADs and to use the FADs for a comprehensive investigation
of the feeding behaviour of aggregations of yellowfin and bigeye tunas.
All of these research activities will be particularly timely given the
probable immanent implementation of international management of
tuna resoutces in the Pacific. Given the importance of tuna aggregations
in general, and the widespread use of FADs in pacticulat, it is anticipated
that any international management protocol will place high value on
the type of data that we can produce from scientific work conducted
around Hawaiian FADs.
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Abstract

In eatly 1980s, FAD fisheries were introduced from the Philippines to
Japan, mainly to Okinawa. The fisheries have well developed becoming
one of the main fisheries in Okinawa where 210 FADs are approved to
deploy in 1999. The annual cacch by roughly 1000 boats (most of
them are small) is 2500-4000 mt; average cacch from one TAD is about
20 mg; average catch by one boat on one day is 73 kilogrammes. FADs
are also important for easing the fishing pressures on bottom fish stocks.
Most of the FADs wete deployed and managed by local fishermen’s groups
that have improved che structures of the system to withstand typhoons.
The catches are strongly depending on the sites, usually che farther off-
shore, the better the catches. A variety of fishing methods are devised
targeting each species and the size of the fish. Being most abundant and
having relatively higher prices, yellowfin tuna is the most important
and consists 68% of the total production. There have been conflicts
among fishermen on the use of FADs since the early stage of the fisheries
development. Now, the number of FADs is regulated by a management
committee. Conflicts between fishermen and sport fishermen have
become problems; on the other hand, the sport fishing could lead to
further development of the fisheries. Degraded fish meat caused by
high meat temperature and occasional oversupply have been major
marketing problems since prices are strongly related to the meat quality
and the fish supply.

Area and existing FAD programme

Geographic zone concerned and States in the zone

The geographic zone concerned: Norch West Pacific.

States in the zone: Japan.

The Philippines are excluded from this regional synthesis. I focused on
Okinawa where the majority of FADs in Japan are deployed.

Outline of Okinawa

Okinawa prefecture is located south-west of mainland Japan forming an
archipelago between Kyushu and Taiwan (fig. 1). It consists of 160 islands
running north-east to south-west; 1.3 million people inhabit the 42 islands.
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Figure 1
Location of Okinawa.
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Ten to fifteen nautical miles to the south-east off the archipelago, the
ocean depth drops rapidly to over 1,000 metres. The “Kuroshio”, a warm
and strong current, flows west of the archipelago along the continental
shelf. Surface water temperature in the area of the FADs is between 21
and 29 degrees Celsius. North to north-east monsoon winds dominate
in winter causing rough sea conditions, while some typhoons attack
Okinawa during summer and autumn.

Origin of Japanese FADs

Simple FADs targeting dolphinfish (Coryphaena bippurus) have been
deployed in various places in Japan for more than a hundred years. Off-
shore deeper (>1,000 m) FADs, targeting tuna species, were introduced
from the Philippines to the southern parts of Japan.

Background and fisheries development

In early 1980s, prefectures such as Okinawa, Kagoshima, Miyazaki, and
Kochi developed FAD fisheries. These prefectures are located on the
south Pacific side of Japan and the Kuroshio flows along their shores.
In those days, bottom fish stocks were decreasing due to overfishing,
and one of the reasons that Okinawa tried to develop FAD fisheries was
to improve income and divert fishing effort from these bottom fish

species.
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Figure 2
Catches of bottorn fish
and FAD fish.
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Fisheries statistics from the Okinawa Development Agency (ODA) show
catches of bottom fish have decreased drastically since 1982 (fig. 2),
while FAD fisheries production has increased. This has helped to
compensate for the reduced demersal fisheries.
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Dynamics of deployments

Introduction, improvement and status

The offshore (>1,000 m depth) FAD projects started in 1982 when
Okinawa Fisheries Experimental Station and two fisheries cooperatives
(FCs) in Miyako examined the effects of 14 experimental FADs. Because
the results were very good, the use of FADs spread rapidly and FADs were
deployed by other FCs in Okinawa.

I have listed the number and the types of offshore FADs in Okinawa,
Amami, the other prefectures and Taiwan in tables 1 and 2. At firse,
commercially manufactured FADs were popular in Okinawa but soon
cheaper handmade FADs prevailed. A typical handmade FAD system
(consisting of several small connected buoys) is similar to the Indian
Ocean FAD systems (Cusack, 1996). The advantages of these FADs are,
cheaper, easier maintenance and dutability in strong currents. Another
popular FAD type is the so-called “vertical type” that has larger underwater
structures. Figures 3 and 4 show the configuration of Okinawan FADs.

Deployment constraints and considerations

Losses of FADs by typhoons have been a serious problem, especially in
the early stages. Most FADs were lost within 1 to 1.5 year, with some
lost less than a year after deployment. Despite this, cthe catch rates from
FADs were sufficient to warrant new deployments. Besides, the fisher-
men tried to devise measures to make their FADs last longer.

First, the mooring system was improved. Some FCs changed the single-
anchor system to a double-anchor system. Because the upper part of the
mooring rope was sometimes damaged by fishing gear, it was replaced
by stronger material. Today, shackles are almost never used in the upper
part of the mooring system because they sometimes become the

breaking points.
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Table 1 - Number and types of FADs by fisheries cooperative in Okinawa.

FC Approved  Atsea TADtype Nb  Costs *!  Avg.years Nbof Sizeof Subsidy #3
Nb in 1999 in August (1000 yen)  atsea boats  boats (1000 yen)
Troman 12 11 A 10 1700 2.5-3 91 <4t 4350
B I 1000 ?
Minatogawa 9 9 B 9 1700 2-3 48 <4t 1600
Chinen 7 7 B 7 1000 1.5 75 2-7¢ 1000
Okinawashi 10 8 B 8 1500 2 36 4.7t 1200
Kumejima 11 11 B 6 750 1-2 139 <St 2000
B 5 900 3
Irabu 7 7 C 6 400 >3 34 <5t 4000
10-20 ¢
D 1 4000 ?
Yaeyama 18 18 B 7 400 2-3 20 <SSt 3400
C 11 1000 2-4
Kin 8 8 A 2 5000 2 35 5t 2500
D 6 3000 ?
Motobu 4 4 D 4 1100 >3 6 <5t 3000
10-50
Kunigami 6 6 B 3 S0 1 75 3-10 ¢ 3000
D 3 3500 >3
Nago 4 4 B 4 1250 1-2 25 3-9¢ 625
Haneji 3 0
e 4 1 C 1 650 >2 4 3-5¢ 0
Onna 5 5 C 5 1200 >3 30 <5t 600
Yomitan 4 1 B ] 500 <2 2 <5 50%
Theya 1 0
Nakijin 2 1 B 1 600 2 2 3¢ 50%
Chatan 6 0
Urasoe 5 2 A 2 4500 >2 6 4t 50%
Nahaengan 9 2 B 1 1500 <1 13 <5t 2000
B 1 2500
Tokashiki 5 2 B 2 1500 3-5 10 3-5¢ 0
Tonaki 4 3 C 3 3500 2 10 1-3 ¢ 30%
Zamami 3 1 B 1 650 >3 23 <5t 0
Ishikawa 3 2 B 2 1500 1 25 5-6 ¢ 400
Yonashiro 3 0
Katsuren 3 1 A 1 2000 1 3 <5t 0
Yonabaru 6 2 B 2 430 1-2 2 3-5¢ 0
Sashiki 4 2 B 2 850 <1 21 <3t 500
Ginoza 3 3 B 3 800 1-1.5 10 3-5¢ 600
Gushikawa 5 2 B 2 900 <1 20 3-5¢ 1200
Hirara 13 6 C 5 550 2 4 <5t 1000
D 1 ? 5
Yonaguni 3 2 B 2 800 <2 35 3¢t 600
Other 10 10 ? 10 ? ? ? ? ?
Nirai 10 10 A 10 >100000 >10
Sum 210 151 840 *2
FAD type  A: Commercial *1 Rough costs including buoys, anchors, ropes and deployment cost
B: Handmade vertical  *2 The total number of boats in the prefecture is greater than this.
C: Float-connect *3 Annual average subsidy

D: Subsurface
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Figure 3
Configurations 7
of Okinawan FADs. E
Commercial
vertical type
AN
NV
$~ = Handmade
§~ float-connect type

Handmade
vertical type

Commercial
subsurface type

% i i
Commercial subsurface type Commercial vertical type Handmade vertical type

Figure 4
Pictures
of Okinawan FADs.

Handmade float-connect type
67



Session 1 - Synthéses régionales

Table 2 - Number of FADs in Amami, the other prefectures and Taiwan.

Amami Kagoshima Miyazaki Kochi Shizuoka: Kanagawa Chiba Jamarc *

' Taiwan

Type A

4 1

4 9 { 1 1

Type B

5

Y

Type D

3
7 6

9 64

Sum

64 7

S RS

4 9 ! 1 10 64 6

FAD type

Figure 5
Nirai.

A: Surface large, similar to nirai *1 Jamarc: Japan Marine Fishery Resource Research Center

B: Surface small
D: Subsurface

Jamarc FADs are located in Okinawa and Amami.

Second, for smaller handmade FADs, damaged floats or upper mooring
ropes are tepaired every two to three months. Large ships sometimes
broke the FADs and so installing lights on FADs is now carried out.
Replacement of batteries for the lights is a normal maintenance task.
Recently, huge durable steel FADs (nirai) have been deployed with
national and prefectural government subsidy. The diameters of the
components of the nirai steel raft are 7 m for the surface part and 16 m
for the underwater part (fig. 5). It is designed to last at least 10 years,
is moored with huge chains and reinforced wires. The cost is over
100 million yen (equivalent to one million US$). Ten nirai were deployed
in Okinawan waters in 1999. Alchough the cost seems very expensive,
the average annual catch in 1996 and 1997 from one nirai was about
40 mt (25 million yen). So, if a nirai FAD lasts more than 10 years, it
would yield much more than its cost.

It is thought that subsurface FADs might greatly decrease the losses of
FADs. The Japan Marine Fishery Resource Research Center (Jamartc)
deployed 56 subsurface FADs through 1996. To date, only one has been
lost. In addition, some fishermen believe that the subsurface FADs
aggregate more fish than the surface FADs. Nevertheless, subsurface
FADs have encountered two drawbacks. Firse, it is difficult for fisher-
men to find the FADs. Second, it is difficult to deploy the subsurface
rafts exactly at the desired depths. At deeper locations (>1,000 m),
even getting an accurate sound of the ocean bottom was difficult.
However, recently, it has become easiet to find subsurface FADs with
widespread use of GPS (Geographic Positioning System). Also, techniques

7
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Figure 6
Locations of FADs around
Okinawa [sland.

Figure 7
Locations of FADs around
Miyako-Yaeyama.
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for deploying the subsurface raft have advanced greatly. Although the
number of subsurface FADs is limited to date, it might increase rapidly.

Location of FADs

The locations of FADs around Okinawa Island and Miyako-Yaeyama ate
plotted in figure 6 and figure 7 respectively.

In 1999, 210 FAD sites were approved for deployment. Some of them
have already been lost in recent typhoons and some have not yet been
deployed. So the actual number of the FADs at sea at this time is unknown,
though is thought to be becween 140 and 160 (tab. 1). The actual loca-
tion of the each FAD slighcly diverges from its plotted point because
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Figure 8
Deployment operation
of FADs by fishermen.

Figure 9
Catches by FADs belonging
to ltoman FC in 1995-1997.
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of the difficulty of deployment operations. The FADs owned by I'Cs wete
mostly deployed by fishermen. The fishermen in one FC constructed a
large barge exclusively for FAD deployment. The barge was towed to
the deployment site with FAD components and many fishermen on it,
and then the FAD was deployed with manpower (fig. 8).

Catch depends greatly on the FADs locations. Figure 9 shows catches
from 14 FADs of one FC for 19935, 1996 and 1997. The better FAD
catches are about 50 times greater than worse FAD catches and best three
FAD catches together cover about 60% of the total catch. If the types
of FADs are the same, it is reasonable to presume that the difference in
catches comes from the difference of the locations of the FADs. Conse-
quently, location selection is very important. The fishermen determine
the FAD location by depth, currents, bottom topography, and distance
from the ports. Reportedly, the further the location, the better the
catch and catch statistics confirm this. Hence, the depth of the FAD
locations has shifted to deeper places recently. However, if the location
is too deep and roo far from the port, it costs more for deployment and
fuel, and smaller boats do not have access to the FAD.

There has not been any analysis carried out to look at the relationship
between catch and proximity to other FADs. Often, due to lack of com-
munication between FCs, FADs are unintentionally placed close together.
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Figure 10
The composition of species.
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Survey results

Target species and catch data

Targer species of the FAD fisheries are yellowfin (Thunnus albacares),
skipjack (Katsmwonus pelamis), blue marlin (Makaira mazara), dolphin-
tish (Coryphaena bippurus), wahoo (Acanthocybium solandri), bigeye (T,
obesnis), albacore (T, alalunga). Yellowfin constitutes 68% of the toral
catch (fig. 10). Most of these species, seemingly, migrace north-south
along Okinawa.

Wahoo Blg%yew /_A!bacore

Blue marlin 3% 2%
9% = ‘
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Amami district, which belongs to the Kagoshima prefecture, is located
close to the north of Okinawa and has many FADs. The catches in
Amami and in some of the other prefectures in Japan are listed in
table 3. The FAD fisheries in Taiwan are still in experimental stages
and yet they attained good results (J. Lin, Kaohsiung Branch of Taiwan
Fisheries Research Insticute, Taiwan, pers. comm.).

Table 3 - Annual catches in Amami and other prefectures in Japan (mt).

Yellowfin:- Dolphinfish: Skipjack ' Blue marlin'. Wahoo : Albacore  Bigeye Total

Amami 697 174 517 12 91 7 - 1,499
Miyazaki 123 77 250 - 16 16 - 481
Kochi 283 - 525 - - - - 808

Table 4 shows the catch by species for 12 of the major fisheries coope-
ratives. This data does not include catch for other smaller FCs, but
indicates most of total production of Okinawa.

Table 4 - Catch by species for 12 FCs (mt).

Fish species 1989

1990 1991 - 1992 - 1993+ 1994 - 1995 1996 1997 1998

Yellowfin >10 kg 338

117 270 387 371 209 515 314 498 391

Yellowfin <10 kg 943

513 540 699 645 502 474 818 798 594

Dolphinfish 210 255 404 461 234 144 237 171 208 351
Skipjack 127 112 98 60 73 80 163 117 201 161
Blue marlin 207 118 120 84 95 56 91 107 112 103
Wahoo 44 51 59 92 65 60 54 30 45 65
Albacore 0 0 0 1 5 12 24 48 140 116
Bigeye 10 3 7 4 24 20 72 31 98 64
Total 1,881 1,173 1,501 1,789 1,514 1,085 1,631 1,638 2,103 1,846
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Figure 11
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The catch from FADs had increased rapidly since eatly 1980s in pro-
portion to the increase of FADs. However, since 1989, the catches have
fluctuated greatly. The numbers of FADs, FAD fishermen and fishing
days have been relatively stable during this period. Figure 11 indicates
the variation in yellowfin (> 10 kg) catch at four south Okinawa’s FCs.
The yellowfin catch, which dominates the catch from Okinawan FADs,
was about 600 to 1,300 mt/year. This is precty small compared with
the total yellowfin catch (mostly by putse seining and longlining) of
312,000-460,000 mt/year in the Western and Central Pacific (Lawson,

Monthly catch of yellowfin 1999).
(>10 kg} in south Okinawa.
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Economic impact

Fleet characteristics and technological impact

There are two types of FAD fishing boats: “Wasen” (fig. 12) and “Saba-
ni” (fig. 13). It has been more than 15 years since FAD fisheries have
become widespread, so the fishermen in every FC have had a chance to
devise a variety of fishing methods. The major fishing methods are: a)
trolling; b) jumbo trolling (Désurmont, 1996); ¢) marlin trolling (with
live baits); d) drift-line; e) drop-stone; f) drift-flag; g) pole-and-line;
h) underwater-torch-fishing. Method “a” is mainly targeting smaller
yellowfin, wahoo and dolphinfish, “b, d, e, {” are mainly for larger
yellowfin, “c” is for blue marlin, “g” is mainly for skipjack, and “h” is
mainly for bigeye. Some of the methods are illustrated in figure 14.

3

Scale of the fisheries

The FAD fisheries have developed into one of the major fisheries in
Okinawa. According to the statistics from the ODA, annual production
is 2,500 to 4,000 mt, which is 17-27% of the total coastal fisheries pro-
duction. The economic value is around 1.2 to 2.0 billion yen (10-18%
of the total). If we assume annual FAD catch as 3,000 mt and average
number of FADs at sea as 150, then average annual catch per FAD is around
20 metric tons. The number of the FAD fishing boats is about 1,000,
which is 25% of the total coastal fleet of 4,000 (including vessels
involved in aquacultute). Most of the FAD (ishing boats are small, less
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Figure 12
“Wasen"

Figure 13
“Sabani"
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than 5 t (about 10 m), and are usually operated by one person. So, the
number of FAD fishermen is slightly greater than the number of the
fishing boats.

We observed a maximum of 24 boats fishing at one FAD. The more fish
aggregate at a FAD, the more fishing boats gather there. However, too
many fishing boats can cause difficulties of fishing operations. In FAD
fisheries, the catch per boat per day (CPUE) does not always reflect the
abundance of fish schools because a FAD with good fish aggregation
attracts more fishing boats. Nevertheless, the CPUE is still good infor-
mation for the fishery’s development. The combined CPUE of five FCs
(for 389 fishing boats) in 1994 (a bad catch year) and in 1995 (a good
catch year) was 73 kg/day per boat (tab. 5).
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Figure 14
FAD fishing gears and methods.
Source: Fishing gear and methods of coastal
fishery in the southern waters. Fishing gear
and methods in Okinawa Prefecture. Overseas
Fisheries Cooperation Foundation, 1988.
Table 5 - CPUE at five FCs in 1994 and 1995. CPUE: Catch (kg)/day/boat.
FC Itoman Minatogawa Chinen Okinawa-shi Kumejima Total
Nb of boats 91 48 75 36 139 389
Year 1994 1995 1994 1995 1994 1995 1994 1995 1994 1995
CPUE 119 150 65 92 60 91 72 74 30 30 73

Fishing practices in terms of distance, transit times

Most of the FADs are within 2 ot 3 hours from the home ports. Conse-
quently, FAD fishing is usually one-day fishing. However, Nirai and Jamarc
FADs are often quite fat away. The fishermen occasionally visit these FADs
with 2 or 3-day trips when their own FADs do not aggregate much fish.

Conflict management and sport fishing

Conflict management
Because the FADs aggregate a lot of fishes, there were conflicts among
FAD fishermen about the deployment and the use of the FADs since the
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arly stages of the FAD projects. Consequently, the Okinawa Marine Zone
Fisheries Regulation Committee (OMZFRC) divided Okinawan warters
inco four zones, namely North, Southwest, Southeast, and Miyako-
Yaeyama. This agency now annually regulates the number of the TADs
in each zone.

Longline fishermen and FAD fishermen also had conflicts on the use of
offshore fishing grounds. Therefore, after negotiations, FAD fishermen
agreed to deploy FADs within about 20 nautical miles off the coasts.
More serious conflicts were the ones between Okinawan fishermen and
the other prefectures’ pole-and-line fishermen who traditionally caught
skipjack and small yellowfin in Okinawan waters, prior to the FAD
fisheries. The fishing boats of the other prefectures are far bigger than
Okinawan boats and could catch most of the fish aggregated with FADs
when sea condition is too rough for Okinawan small boats.

The Japanese fisheries law does not have explicit regulations regarding
these conflicts. Therefore, representatives of both groups tatked about
this problem and agreed that both groups deploy their own FADs sepa-
rately and use them separately. The conflicts seemed to calm down but
many Okinawan fishermen still have complaints about the fishing
activities at their FADs by boats from other prefectures.

Many FCs have their own rules on FAD use. For example, one FC restricts
mooring to FADs, controls trolling operations (you should always move
around a FAD clockwise), restricts the use of wire fishing gears, etc. In
this FC, FAD fishermen have to pay a 20,000 yen annual fee and two
percent of their catch sales to maintain their FADs.

Sport fishing

Generally, FADs belonging to FCs are supposed to be fished only by
the members of the FCs. Recently, however, sport fishing at FADs has
become popular. The majority of the FAD fishermen probably have
some complaints about the sport fishermen. For instance, they do not
follow the rules on FAD use; they use too much chum; they use better
fishing gears; they cause an oversupply of fish resulting cheaper fish prices
at the markets. (They seldom sell fish. They, however, provide fish for
potential customers.)

Sport fishing may have great potential to influence the further deve-
lopment of FADs and FAD fisheries. To date, the total number of Oki-
nawan commercial fishermen is about 5,000 while the number of sport
fishermen is reportedly about 150,000. And, since the charter fee that
can be charged for sport fishing at FADs can be quite high, a fisherman
could receive greater income if he takes sport fishermen to FADs than
he could from selling the average daily commercial catch.

Game fishing tatgeting blue marlin has also become popular (Kaku-
ma, 1998). The availability and size of blue marlin is said to be as good
or better than in Hawaii. Consequently, the sport fishing could make
a contribution to tourism, the biggest industry in Okinawa.



Figure 15
Monthly catches and prices
of yellowfin (>10 kg).
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Marketing considerations

The most serious problem with markecing FAD fish is, probably, “yake”
(burned meat). The yake is degraded fish meat caused by high meat
temperature and low meat pH incurred during fishing operations.
Because of this, the fish may be auctioned at very low prices (often one
third to one fifth of normal prices). Tuna caught by longline tend to
be free from yake. This suggests that the deeper, cooler water tempe-
rature or longer cooling period before hauling could reduce the yake
phenomenon. A variety of methods to avoid yake, such as bleeding,
cooling, or quick killing have been tried. According to some fishermen,
some of the methods actually worked well. Nonetheless, there has been
no method that wotks well in all occasions.

Low prices caused by occasional oversupply are another major problem.
Middle to large-size yellowfin command higher prices. The annual
average prices in southern Okinawa’s four markets becween 1989 and
1998 ranged between 660 to 1,100 yen per kilogramme. These prices
are correlated to the catches; the greater the catches, the lower che
prices. Figure 15 shows the monchly catches and prices of yellowfin.
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The marketing of small cuna is a serious problem. The price for yellowfin
(>10 kg) in 1998 averaged 700 yen/kg, smaller (<10 kg) yellowfin was
280, skipjack was 320, blue marlin was 630, dolphinfish was 220,
wahoo was 290, and albacore was 280. In Irabu, a small remote island,
the prices were about 70% of the prices of south Okinawa.

Better quality, larger-size tuna often go to mainland Japan markets,
while lesser quality, smaller size tuna are consumed locally. Conse-
quently, the fishermen do not intentionally target these cheaper fishes.
If larger yellowfin are not abundanc at the FADs, the fishermen will catch
the cheaper fishes.
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Prospects

We will monicor the catch of FAD fisheries at 23 FC’s markets in Oli-
nawa.

According to a recent prefectural fisheries development plan, a cotal of
14 nirai will be deployed and maintained by 2001. The other, smaller
FADs, will be maintained by the FCs with or without local government
subsidies.

We will soon be included within a regional management system for the
Western and Central Pacific tuna stocks. A task of great importance
for the future will be how to incorporate the Okinawa’s FAD fisheries
into this international system.
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The development of the purse seine fishery
on drifting Fish Aggregating Devices
in the Eastern Pacific Ocean: 1992-1998
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Abstract

Since the early 1990s, drifting Fish Aggregating Devices, or FADs, have
rapidly become the dominant type of floating object used by the purse
seine fishery in the Eastern Pacific Ocean to capture tunas. The deve-
lopment of this fishery for larger vessels is described using data collected
by observers aboard vessels of more than 363 metric tons fish-carrying
capacity. Bamboo rafts, equipped with radio-transmitters that allow for
semi-continuous monitoring, are typically used as FADs. Old purse seine
netting is often suspended below the bamboo raft to give the FAD an
enhanced underwater profile. Similar to the fishery on flotsam between
1992-1998, most sets on FADs were made before 8am, with skipjack
and bigeye being the dominant tuna species caught, and yellowfin tuna
captured in lesser amounts. Discard ratios of skipjack and bigeye were
comparable for the two modes of fishing; however, the success rate on
FADs for bigeye was more than twice that on non-FAD floating objects
(“logs”). In addition, the fishery on logs was largely a coastal fishery,
while the fishery on FADs extended west to 150°W, into areas that had
not been significantly utilized by the purse seine fleet. The capture of tunas
per set varied most with area, season and year. Nonetheless, capture per
set for at least one of the three tuna species was also found to vary with
the depth of the purse seine net and the amount of the netting hanging
below the FAD. The effect of net depth and FAD depth on tuna capture
varied by area, season and FAD color.

Introduction

The Eastern Pacific tuna purse seine fishery replaced the baitboat fishery
in the late 1950s to more effectively exploit yellowfin (Thinus alba-
cares), skipjack (Katsiwonus pelamis), and bigeye (Thunnns obesus) tunas.
There are three main methods of detecting tuna schools that lead to three
types of sets (a set is the operation of deploying the net around a school).
A school of tunas may be detected by evidence of its presence on the
surface of the water (“school set”; Scott, 1969; Hall et «/., 1999a).
Schooling tunas, primarily yellowfin tuna, may be detected in association
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Figure 1

Total number of sets
by set type for vessels
with more than 363 mt
fish-carrying capacity,
1987-1998.
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with dolphin herds (“dolphin set”), particularly spoteed (Stenella atte-
nuata), spinner (8. longirostris) and common (Delphinus delphis) dol-
phins (Perrin, 1968; Anon., 1989; Hall ¢t /., 1999a). Schools of tunas
may also be found associated with floating objects (Greenblact, 1979;
Hall ¢z a/., 1999a). Floating objects include parts of trees, plant mate-
rial, human-originated flotsam and FADs (Greenblatt, 1979, Hall ¢
al., 1999b). We define a FAD to be any floating object thar has been
constructed or modified by fishermen.

In the late 1980s, the fishery on floating objects in the Eastern Paci-
fic Ocean (EPO) was a coastal fishery, based mostly on natural objects
(e.g., tree trunks, kelp patties) and on human-originated flotsam coming
from coastal cicies and shipping lanes (e.g., wooden pallets, cires)
(Greenblatt, 1979; Hall et al., 1999b). Between 1987 and 1990, less than
10% of the observed sets on floating objects were FAD secs (Hall ez /.,
1999b). Floating objects encountered at sea were typically modified by
fishermen and then redeployed as FADs. In contrast to FAD fisheries in
other oceans which utilize anchored FADs (Aprieto, 1991; Polovina, 1991;
Cayré, 1991), only drifting FADs have been routinely used by the fisher-
men in the EPO. Since 1992, there has been an almost three-fold
increase in the number of sets on floating objects by vessels with greater
than 363 metric tons (mt) fish-carrying capacity, whereas the number
of dolphin and school sets made by larger vessels did not show the
same overall trend (fig. 1). The composition of floating object sets
during this time period changed from approximately 30% FAD sets in
1992 to over 80% in 1998 (fig. 2).
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In this paper, we describe the FAD fishery in the EPO from 1992 through
1998 for large vessels, including tonnage of tunas captured (tonnage
of fish encircled with the purse seine net), spatial distribution of sets,
percentage discards of tuna species, tuna caprures in repeated sets on
the same FADs and length-frequency distributions of the tunas landed.
We also explore variability in capture per set of the three target species
of tunas due to area, season and characteristics of the FADs.
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Figure 2

Percentage of floating
objects sets that were FAD
sels, log sets and unknown
floating object sets

for vessels with more

than 363 mt fish-carrying
capacity, 1992-1998.
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Data sources

Most of the data presented in this paper were collected by observers of
the Inter-American Tropical Tuna Commission (IATTC) aboard vessels
of the international purse seine fleet with fish-carrying capacity of more
than 363 mt in the EPO. From 1992 to 1998, over 85% of the floating
object sets made by such vessels were observed by IATTC observers, and,
for over 95% of these sets, data were recorded about the characteristics
of the floating objects. The number of floating object sets observed by
IATTC observers aboard larger vessels, by year, were 1,542 (1992), 2,025
(1993), 2,614 (1994), 3,227 (1995), 3,908 (1996), 5,439 (1997), and
5,346 (1998). Length-frequency data were collected by IATTC staff at the
time of vessel unloading (Tomlinson ez #/., 1992). These data represent
predominantly larger vessels. Estimated length frequencies were computed
from the observed distributions of sizes by weighing the estimated catch.
The total number of sets, by set type, for larger vessels were computed
using both IATTC observer data and data collected by observers of the
Programa Nacional de Aprovechamiento del Atn y Proteccién de
Delfines of Mexico aboard Mexican-flag vessels.

Tons of tuna captured were used in all analyses of tuna catch. We have used
rons of tunas captured, as opposed to tons of tuna loaded into the vessels’
wells, because we believe that capture better reflects the effect of the
fishery on the environment. Loaded weights are not only a function of the
capture, but also matket prices, species composition, fish size and perhaps
vessel cartying capacity. The difference between capture and loaded weights
is the amount of tuna discard. Discards primarily represent tonnage of tunas
returned to the ocean; however, some “discards” can be fish that were
given to another vessel. In 1997, IATTC observers began recording the
fate of all discards. All weights were estimated by the observers and are
therefore subject to error. We use the tuna species identification made by
the observers without correction; the data presently available allow us
to vetify or correct species identifications on a per-set basis. Methods
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to improve species idencification, particularly of yellowfin and bigeye
tunas, are currently being explored.

The FAD fishery

From 1992 ro 1998, the purse seine fishery on FADs expanded from a

Figure 3 el cmaer cherv ro 150°W S S Ve AF A
Nuriber of FAD sets by year Lugcl'y cimsml fishery to 150°W longu’ucl? on both 5{c].cs of Lhe.equa
by 1° square, for 1992- tor (fig. 3), an area that had not been significantly ucilized previously

1998. Light gray: 12 sets;  (Watcers, 1999). The expansion of the FAD fishery at low laticudes and
intermediate gray: 3-5 sets;

black: = 6 sets. west of the Galapagos Islands began around 1994.
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Figure 4

Number of FAD sets and log
sets by 1° square, pooled
for 1992-1998.

Light gray: 1-5 sets;
intermediate gray. 6-20 sets;
black: = 21 sets.
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Since 1995, FAD sets have been made predominantly in two laticudinal
bands: one band extends along ~2°-7°N, the other band extends along
~4°-10°S. However, intet-annual variability in the spatial discribution
of PAD sets is evident (fig. 3), possibly influenced by the El Nifio condi-
tions present in 1997, The spatial discribution of FAD sets also varied
seasonally. Within the two latitudinal bands, most FAD sets (78%) made
notth of 0° occurred in the latcer half of che year, and most FAD secs (90%)
made south of 0° between the Galapagos and the coast occurred in the
first half of the year. FAD sets made west of the Galapagos and south
of 0° were more uniformly distributed throughout the year. Log sets
overlapped spatially wich FAD sets predominantly in the coastal areas
of the Panama Bight and offshore of Peru (fig. 4). In contrast, dolphin
sets were made predominantly notch of 5S°N, with che majoricy of sets
occurring beeween 7° and 15°N, and school sets were made predominantly
int coastal areas off Mexico, Colombia and Ecuador (fig. 5).
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Figure 5

Number of dolphin sets and
school sets by 1° square,
pooled for 1992-1998.
Light gray: 1-10 sels;
intermediate gray: 11-60 sets;
black: > 51 sets.
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The majority of sets on FADs occurred during the early morning, as was
the case with sets on logs (tab. 1). Most FAD sets (77%) occurred between
5am and 8 am, possibly because the association of tunas with floating
objects may be stronger during the night, and the schools leave the
floating objects at sunrise. In contrast, most dolphin and school sets
occurred after 7am, and the numbers of these types of sets remained
relatively high into the late afternoon.
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Figure 6

Percentage of the FAD
covered with epibiota versus
longitude, by 10° longitude
bins. White bars show

the median percentage
coverage, gray boxes

the inner-quartile range,

and the whiskers the full
range of the data.
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Table 1 - Number of sets by time of day (hour, local time) for each type
of purse seine set. Data are pooled for 1992-1998.

Hour Dolphin School Log FAD
<4 0 42 6 19
5 6 88 508 3170
6 488 648 1419 8975
7 2436 1577 514 2184
8 4088 1800 346 704
9 4457 1964 363 676
10 4097 2023 354 703
11 3630 2113 347 576
12 3704 2010 323 475
13 3790 2147 282 386
14 4064 2130 260 271
15 4390 1930 191 187
16 4696 1964 146 100
17 2603 1774 66 58
18 403 836 22 12
219 16 148 0 4

FADs can be constructed out of many types of materials, but currently
most FADs are bamboo rafts. These FADs frequently have a piece of old
netting hanging from the raft, and in many cases, a bucket containing
fish scraps is suspended below the raft. FADs frequently carry radio-
transmitters, or occasionally satellite cransmicters, that allow for moni-
toring of their location. Black (729%) and brown (18%) were the most
common FAD colors, due to the netting hanging from the FAD and the
presence of fouling organisms. For approximately 50% of FADs, epi-
biota covered 20% or less of the FAD, with the percentage coverage
generally greater for FADs drifting further offshore (fig. 6). The median
depth of necting below the raft was 16 m, with 90% of FADs extending
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Figure 7

Percentage of yellowfin tuna
captures by purse seine set
type for 1992, 1994, 1996
and 1998. Percentages

are based on IATTC observer
data, adjusted for observer
coverage. Estimates of total
yellowfin capture (mt)

per year: 214,613 (1992);
198,972 (1994); 214,148
(1996); 227,648 (1998).
“Unk. obj." refers to sets

on floating objects where

it could not be determined
if the object was a FAD

or alog.

17.9
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less than 27 m below the surface. The depth of the FAD below the sur-
face was found to be positively correlated with the longest dimension
of the FAD (Spearman’s rank cortelacion coefficient = 0.98, p-value
<0.01), suggesting thar FADs are typically constructed to emphasize
the subsurface profile.

The increase in the number of FAD sets between 1992 and 1998 had
the greatest effect on the distribution of bigeye catches among set types.
The percentage of the total capture of yellowfin tuna in sets on FADs
increased from 2% in 1992 to 9% in 1998; the majority of yellowfin
capture occurred in dolphin sets (fig. 7). For skipjack tuna, the change
was much more pronounced. Capture of skipjack went from 23% in
1992 to 73% in 1998, at the expense of skipjack captures in school and
log sets (fig. 8). Even more significant, in relative terms, was the change
in bigeye captures in FAD sets, which increased from 11% in 1992 to
92% in 1998 (fig. 9). Very litcle skipjack or bigeye tuna was captured
in dolphin sets.

FAD sets had the greatest success rate for skipjack and bigeye tunas, as
compared to other set types (tab. 2). We define a successful set for a
particular tuna species as one that captured at least one metric ton of
that species. The percentage of successful FAD sets for yellowfin ranged
from 49 to 69% between 1992 and 1998, similar, but slightly less
than that on logs sets and well below the success rate on dolphin sets. On
the other hand, the percentage of successful FAD sets for skipjack ranged
from 83 to 89%, consistently above the success rate for skipjack on log
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Figure 8

Percentage of skipjack tuna
captures by purse seine set
type for 1992, 1994, 1996
and 1998. Percentages

are based on IATTC observer
data, adjusted for observer
coverage. Estimates of total
skipjack capture {mt) per
year: 64,754 (1992);
73,333 (1994); 108,071
(1996); 140,510 (1998).
"Unk. obj." refers to sets

on floating objects where

it could not be determined
if the object was a FAD

or alog.
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sets of 66 to 76%, and more than twice the success rate for skipjack on
dolphin and school sets. The percentage of successful FAD sets for bigeye
has increased from 9% in 1992 to 64% in 1998. The percentage of suc-
cessful logs sets for bigeye shows some increase over the same time
period, but has remained less than 25 per cent.

Table 2 - Percentage of successful sets per year and set type, for yellowfin,
skipjack and bigeye tunas. The numbers of sets on which these percentages
are based are shown in parentheses in the yellowfin sub-table.

Year Dolphin School Log FAD
Yellowfin tuna

1992 83 (6,724) 42 (2,933 66 (945) 69 (522)

1994 89 (5,350) 53 (3, 66?) 60 (709) 54 (1,830)

1996 88 (5,833) 42 (2,960) 55 (484) 49 (3,404)

1998 89 (8,018) 46 (3,217) 52 (663) 55 (4,588)
Skipjack tuna

1992 3 25 76 84

1994 3 19 69 83

1996 6 31 66 87

1998 11 18 74 89
Bigeye tuna

1992 <1 5 6 9

1994 <1 1 16 46

1996 <1 4 20 66

1998 <1 2 24 64
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Figure 9

Percentage of bigeye tuna
captures by purse seine set
type for 1992, 1994, 1996
and 1998. Percentages

are based on IATTC observer
data, adjusted for observer
coverage. Estimates of total
bigeye capture {mt}

per year: 5,583 (1992);
30,843 (1994); 58,070
{1996); 41,623 (1998).
“Unk. obj." refers to sets

on floating objects where

it could not be determined
if the object was a FAD

or alog.

I
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The ratio of discards to capture for tunas caught in FAD sets was greatest
for yellowfin and skipjack (tab. 3). Approximately 10 to 23% of yellow-
fin captured on FADs were discarded, as were 15 to 29% of the skipjack
and 7 to 12% of the bigeye. The discard rates were similar to those for
log sets, but generally more than those from school and dolphin sets,
although dolphin sets capture almost no bigeye (tab. 3; fig. 9).

Table 3 - Percentage of tons of tunas discarded per year and set type
for yellowfin, skipjack and bigeye in successful sets.

Year Dolphin School Log FAD
Yellowfin tuna
1992 0.52 5.36 16.54 22.78
1994 0.57 1.33 18.83 14.44
1996 0.67 2.41 13.04 18.62
1998 0.38 1.42 19.60 10.31
Skipjack tuna
1992 5.76 11.43 17.69 15.31
1994 2.07 6.15 16.06 18.32
1996 7.19 4.45 17.65 29.02
1998 0.76 10.93 20.23 17.21
Bigeye tuna
1992 <0.01%* 4.66 10.29 12.46
1994 14.29% 7.95% 7.99 8.02
1996 <0.01* 1.12 9.22 10.28
1998 <0.01* 1.55 9.23 7.01

* indicates fewer than 50 sets.
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Capture per set in repeated sets on the same TAD showed depletion
that persisted for over 10 days. Whenever observers were able to iden-
tify a FAD or a log, they recorded all repeated sets on the object by the
particular vessel. Alchough it was not possible to know whether other
vessels were also setting on the same floating object, these data provide
some information on the frequency of repeated sets and their catches.
As compared to 1992, when over 57% of the sets on FADs were repea-
ted sets on the same FAD, most FADs since 1995 were set on only once,
with repeaced sets accounting for less than 25% of the FAD sets (tab. 4).
Most repeated FAD sets (70-80%) were made before 8 am, similar to the
distribution of all FAD sets. Although most repeated sets were made in
the early morning, they were not necessarily made one day apare (tab. 5).
Fifty per cent or less of second sets were made within one day of the first
set. Only twenty per cent or less of fifth sets were made within five days
of the first set. For FADs that were set upon at least three times, with
the first sets a successful set (= 1 mt of yellowfin or skipjack or bigeye
captured), caprure per set in repeated sets for all three species of tunas
showed a decrease with time for at least ten days after the first set
(fig. 10). During this 10-day period, 60-70% of third sets, 50-60% of
fourth sets and approximately 50% of fifth sets had been made (tab. 5).

Table 4 - Percentage of log and FAD sets that were first sets (1)
and repeated sets (2 = second set, 5 = fifth set, > 5 = sixth and greater sets)
on the same FAD, per year.

1 2 3 4 5 >5
1992
Log 80.4 11.9 4.0 1.9 0.9 .
FAD 42.9 33.7 14.0 4.8 2.1 2.5
1994
Log 80.7 13.1 3.4 2.1 0.4 0.3
FAD 62.0 23.4 9.1 3.4 1.2 0.9
1996
Log 80.0 13.6 4.3 1.2 0.4 0.4
FAD 79.2 14.9 3.4 1.2 0.5 0.7
1998
Log 83.3 9.8 4.1 1.5 0.8 0.6
FAD 76.8 16.4 4.9 1.1 0.5 0.3

Table 5 - Quantiles (0.1, 0.9) of the distribution of decimal days since the first
set on a given FAD, by repeated set number (2 = second set, 5 = fifth set).
Data were pooled for years 1992-1998. Min. = minimum, Max. = maximum.
Min. 0.10 0.20 0.30 040 050 0.60 070 0.80 0.90 Max.
0.08 0.67 088 1.0 1.0 2.0 3.05 543 8.98 1395 37
0.21 1.69 2.04 3.27 5.0 7.0 9.21 13.96 18.96 25 57
0.92 2.67 379 5 6.88 8.92 11 13.04 20.62 28.96 53.04
20 392 5 6.97 9.02 10 124 16.13 18.43 27.2 46.12

EES RSN
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Figure 10

Capture per set in repeated
sets on the same FAD.
Shown are smoothed fits

of capture per set to the
number of decimal days
since the first set. Black
lines show the smoothed
estimate, gray lines show
the point-wise 95%
confidence intervals. Data
are for FAD sets with > 3
repeat sets on the same FAD
where the first set yielded a
catch of tunas of more than
1 metric ton. Only FAD sets
made within the equatotial
band outlined by the sum
of the 8 areas shown

in figure 16 were included
in the analysis. A total of
899 "different” FADs were
available for this analysis
{see Discussion for
problems with FAD
identification). Smoothed fits
were computed using
generalized additive model
techniques (locally-weighted
moving line with a
smoothing parameter of 0.9
and assuming a gamma
distribution, log link, for
capture per set).
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The length-frequency distributions of tunas caught on floating objects
at low laticudes (areas 7, 9-12 in fig. 11) between 1994 and 1998 show
a mode between 40 and 50 cm for all three species (fig. 12). For skipjack
there is the suggestion of a second peak in length at 68 ¢m that is not
apparent for the other species. By area, these Jarger fish were caught most
often along the equator between 95°W and 110°W (fig. 13), an area that
yielded mostly small bigeye (fig. 14). School sets made at low latitudes
yielded smaller bigeye, but larger yellowfin than floating object sets
(fig. 15). The larger yellowfin (=115 cm) were caught predominancly
south of 0°, between 90°W and 110°West. However, of the three types
of purse seine sets, dolphin sets typically yield the greatest percentage
of yellowfin of more than 100 cm length (Hall ez #/., 1999a). Although,
we are currently unable to separate length-frequency data by type of
floating object, the spatial distribution of FAD sets as compared to that
for log sets between 1992 and 1998 (fig. 4) suggests that most of the
floating object sets made at low lacitudes were FAD sets.
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Figure 11

Map of the £PO showing
sampling areas for tuna
length-frequency data.

Only length-requency data
from measurement areas 7,
and 9-12 are presented.

Figure 12
Length-frequency
distributions of yellowfin,
skipjack and bigeye tunas
caught on floating-object
sets. Data were pooled
for years 1994-1998.
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Figure 15
Length-frequency
distributions of yellowfin,
skipjack and bigeye tunas
caught on school sets.
Data were pooled for years
1994-1998.
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una capture per set on FADs

The relative contribution of location, season and FAD characteristics to
variability in tuna capture per set on FADs was explored by studying
factors affecting the probability of making a successful set () and
capture per successful set (CPSS) for each species. As has been done in
other catch studies (e.g., Lo ez a/., 1992; Stefdnsson, 1996), the analysis
was done in two parts to improve our ability to identify sources of
variability. This analysis used data from 1995 to 1998 (n = 14,262 FAD
sets) when the spatial extent of the purse seine fishery on FADs was
similar (fig. 3). The variables considered in these analyses were: season
(January-March, April-June, July-September, October-December), area
(fig. 16), time of day (hour, local time), depth of che net (in fathoms,
“f") and some FAD characteristics, including shape (irregular, aggregated),
color (red or orange, yellow, green or blue, brown, black, white, gray),
underwater depth (extent of the FAD below the surface, in metres, “m”),
and percentage covered with epibiota. The depth of the purse seine net
was obtained from measurements of the amount of netting (an “out-
of-water” depth). The underwater depth of the FAD was estimated by
the observer, typically when the FAD was on deck or being deployed.
Year, season, area, shape and color were treated as categorical variables,
whereas hour, net depth, percentage coverage with epibiota and under-
water depth were treated as continuous variables.

Generalized linear model techniques (McCullagh & Nelder, 1989) were
used to assess the relative importance of the effects of the various
covariates on p and CPSS. In this analysis, we have assumed that p and
CPSS for each species were independent of the presence of the other
tuna species. We assumed a linear logistic model (Collett, 1991) for p,
analysed separately for each species. A stepwise procedure was used to

92



Figure 16
Areas used in the analysis
of capture per set.

Session 1 - Regional syntheses

select covariates based on the greatest reduction in the Akaike statis-
tic (AIC; Hastie, 1987), and covariate selection stopped when no terms
that could be added to or removed from the current model further
reduced the AIC. To study CPSS, we assumed that CPSS followed a
gamma distribution and chat the natural logarichm of the mean CPSS
was linearly related to the covariates. An identical stepwise selection
procedure was used to select influential covariates. For both analyses,
the scepwise selection procedure was performed over all main effects
and firsc-order interactions. Continuous variables were included as
linear terms. In the stepwise selection procedure, several different
starcing models were used including the null model (overall constant
only), a model with only a year effect, and a model with area and season
main effects and an area-season interaction.

The relationships between p and CPSS, and influential covariates iden-
tified in che analysis described above were explored in more detail
using generalized additive model techniques (Hastie & Tibshirani,
1991) to assess non-linearities of che relationships between influential
covariates, and p and CPSS. Smoothing was done using a locally-
weighted moving line (Cleveland, 1979; /Joess with a smoothing para-
meter of 0.9). As in the analysis described above, a linear logistic
model was assumed for p, and CPSS was assumed to be distributed
according to a gamma distribution, with the mean CPSS linearly relaced
to the covariates on the log-scale.
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Probability of a making a successful set ()

For all three tuna species, spatial effects on p dominated over seasonal
effects, the characteristics of the FAD, and the depth of the purse seine
net (tab. 6). Inclusion of a seasonal effect was closely followed by season-
area or season-year interaction terms, suggesting the importance of
spatial and temporal interactions, and inter-annual variability, on p.
Of those FAD characteristics tested, only the shape of the FAD appeared
to have relatively little effect on p for all three species. Final models that
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started from an initial model of year, area and season main effects and
first-order interactions contained fewer terms, and typically did not
contain interaction terms involving color, and area, season or year
(tab. 6). The effects of che characteristics of the TAD and the net depth
on p were often modified by interactions (tab. 6). The relationships
between p and some of these covariates are discussed below in more detail.

Table 6 - Results of stepwise selection of covariates in a linear logistic mode! for tuna capture

presence/absence data.

Yellowfin Yellowfin Skipjack Bigeye

(null 19,643) year x season x area® (19,232)  (null §,826) (null 18,085)
year® (19,623) percentage covetage (19,137) year® (8,813) year® (17,981)
area (19,465) color (19,059) area (8,617) area (15,800)

percentage coverage (19,370)

underwater depth (19,001)

hour (8,565)

year:area (15,676)

color (19,292)

colorrunderwater depth (18,940)  year:area (8,505)

color (15,564)

yeararea (19,231)

N

color:percentage coverage (18,933) season (8,471)

underwater depth (15,506)

year:color (19,157)

hour (18,927)

color (8,441)

hour (15,459)

underwater depth (19,117)

shape (18,927)

year:season (8,422)

color:underwarer depth (15,438)

area:color (19,081)

shape:underwater depth (18,918) percentage coverage (8,411)

areazunderwater depth (15,428)

color:underwater depth (19,054)

shape:percentage coverage (18,913) net depth (8,401)

net depth (15,418)

season (19,036)

shapehour (18,913)

area:net depeh (8,393)

net depth:area (15,395)

season:area (18,933

shape (8,391)

color:net depth (15,381)

year:season (18,876)

areasshape (8,378)

season (135,372)

season:color (18,864)

shape:net depth (8,374)

area:season (13,226)

seasor:percentage coverage (18,856)

underwater depth (8,371)

season:year (15,196)

hour (18,852)

season:underwater depth (8,355)

color:season (15,175)

year:hour (18,849)

year:underwater depth (8,347)

shape (15,173)

year:underwater depth (18,847)

242

hour:percentage coverage (8,343) shape:year (15,163)

season:hour (18,846)

shape:percentage coverage (8,340) shape:hour (15,159)

shape (18,845)

shape:color (8,335)

net depthyear (15,158)

year:shape (18,795)

season:area (8,330)

underwater depch:year (15,157)

shape:color (18,790)

underwater depth:season (15,155)

season:shape (18,786)

shape:area (15,154)

area:shape (18,780)

net depth:season (15,153)

shape:underwater depth (18,778)

season:underwater depth (18,776)

shape:hour (18,776)

shape:percentage coverage (18,775)

season:hour (18,775)

* indicates starting model. Value of the AIC statistic is shown in parentheses. “:” indicates an interaction term.
“year x area x season” indicates a model with year, area and season main effects and first-order interactions.
Percentage reduction in the deviance for the final model: yellowfin, 6%; skipjack, 7%; bigeye, 17%.

Area and season effects on p showed the greatest differences among

species. South of 0°, p for yellowfin was greater coastally between

(fig. 17).
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Figure 17

Approximate pointwise 95%
confidence intervals for p
for yeliowfin as a function
of longitude south of 0°,

by season for each of years
1995-1998.

Black, 1995;

dark gray, 1996;
intermediate gray, 1997,
light gray, 1998.
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Inter-annual variability in p for yellowfin was generally greater north of
0°; the best agreement between years occutred from January to March
when p for yellowfin was high coastally and reached a minimum between
95°W and 110°W (fig. 18). On the other hand, p for skipjack was largely
invariant with longitude between 110°W and 135°W/, across seasons
and years, both south (fig. 19) and north of 0° (not shown). From July
to December, p for skipjack decreased towards the coast south of 0°
(fig. 19), alchough the amount of decrease varied by year. Less of a
dectease in p towards the coast was seen north of 0°. For bigeye, p was
lowest coastally early in the year (fig. 20). South of 0°, p for bigeye
remained high offshore throughout the year, was lowest coastally from
January to March, and reached its highest values coastally between
July and December. A similar pattern was observed north of 0° with the
exception that there was greater variability between yeats.
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Figure 18

Approximate pointwise 95%
confidence intervals for p
for yellowfin as a function
of longitude north of 0°,
between January and March
for each of years
1995-1998.

Black, 1995;

dark gray, 1996;
intermediate gray, 1997;
light gray, 1998.

Figure 19

Approximate pointwise 95%
confidence intervals for p
for skipjack as a function
of longitude south of 0,

by season for each of years
1995-1998.

Black, 1995;

dark gray, 1996;
intermediate gray, 1997,
light gray, 1998,
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Figure 20

Approximale pointwise 95%
confidence intervals for p
for bigeye as a function

of longitude south of 07,

by season for each of years
1995-1998.

Black, 1995;

dark gray, 1996;
intermediate gray, 1997;
light gray, 1998.
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In general, p was greater for deeper nets, deeper FADs and FADs wich
greater percentage coverage of epibiota (fig. 21), alchough these effects
were typically less than those due to area and season (figs 17 to 20). For
yellowfin on black FADs (the most prevalent color), the rate of increase
of p with underwater depth was greatest at underwater depths of less
than 20 m; however, for other colors, the greatest rate of increase of p
for yellowfin often-occurred at underwater depths of more than 20 metres.
For yellowfin, p generally increased the most with percentage coverage
of epibiota at low percentage coverage values, although a linear rate of
increase for some colors could not be excluded.

For skipjack, p increased with net depth; however, the rate of increase
of p with net depth varied by area (fig. 21). South of 0°, p for skipjack
increased the most with net depth between 90°W and 105°W, with no
effect of net depth on p west of 120°West. North of 0°, p for skipjack
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increased slightly with net depth offshore, varied lictle with net depth
between 90°W and 120°W and increased the most wich net depth easc
of 90" West. Although p for skipjack increased with the percentage cove-
rage of epibiota, the rate of increase was minimal (< 10 percentage points
as percentage coverage with epibiota increased from 0% to 100%).
For bigeye, the rate of increase of p with both net depth and underwater
depth also varied by area (fig. 21). South of 0°, p for bigeye increased
with net depth in a manner similar to that for skipjack, with the
greatest effect occurring east of 105 West. North of 0°, p was greatest
for the shallowest and deepest nets west of 105°W and for net depths
becween about 100 to 120 fathoms east of 90°West. The greatest rate
of increase of p for bigeye with underwater depth occurred north of 0°
and at underwater depths below 20 fathoms. South of 0°, the greatest
effect of underwater depth on p for bigeye occurred between 90°W and
120°W and p increased approximately linearly with underwarer depth.
Although p for yellowfin varied little with the time of day (tab. 6), p
for both skipjack and bigeye decreased during the day, particularly for
bigeye (fig. 22). The reduction in p with time of day largely occurred
in the early morning before 10 am.

Variability in p with FAD color was largely due to gray FADs (tab. 7).
Consistent with the estimated coefficients of the linear logistic models
for p by species, gray FADs had the greatest p for skipjack and bigeye,
yet the lowest p for yellowfin. For FAD colors other than gray, p varied
little with color for yellowfin and skipjack. Slightly more variation
was seen in p for bigeye among colors; however, for the dominant FAD
colors (black and brown), p for bigeye was relatively similar.

Table 7 - Observed p by FAD color for yellowfin, skipjack and bigeye.
Data are pooled for 1995-1998.

Red Green  Yellow Black  White Brown Gray
Yellowfin  0.45 0.49 0.49 0.51 0.47 0.47 0.33
Skipjack  0.81 0.84 0.82 0.88 0.87 0.86 0.95
Bigeye 0.57 0.51 0.5 0.66 0.46 0.6 0.88

Capture per successful set (CPSS)

Similar to the results of the analysis of p, spatial effects dominated the
variability in the CPSS of all three species of tunas (tab. 8). Seasonal
effects (and interactions involving season and atea) were often included
earlier in the stepwise selection process than for the analysis of p (tab. 6).
In the case of yellowfin, seasonal effects only entered into the stepwise
selection process as a result of an area-season interaction. Of secondary
importance for at least one of the three species was the time of day, the
net depth, and the percentage coverage with epibiota. As with the
analysis of , color tended not to be included in models that started with
area and season main effects and an area-season interaction (tab. 8).
The relationships between p and some of these covariates are discussed
below in more detail.
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Figure 21

Approximate pointwise 95%
confidence intervals for p by
tuna species as a function
of selected FAD
characteristics and net
depth, pooled for 1995-
1998. Panels from upper
left to lower right: p for
yeltowfin versus underwater
depth by FAD color {dark
gray, black FADs; light gray,
brown FADs); p for yellowfin
versus percentage coverage
with epibiota by FAD color
{black, black FaDs; dark
gray, brown FADs; light gray,
yellow FADs); p for skipjack
versus net depth, by area
(dark gray, area 5; light
gray, area 2); p for bigeye
as a function of net depth,
by area (dark gray, area 2;
light gray, area 8); p for
bigeye as a function of
underwater depth by area
(dark gray, area 6; light
gray, area 2). See figure 16
for description of areas.

Figure 22

Estimated p for skipjack
{black solid line) and bigeye
{gray solid line),

and approximate pointwise
95% confidence intervals
{dashed lines), versus time
of day. Data have been
pooled for years 1995-
1998.
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Table 8 - Results of stepwise selection of covariates in model for CPSS by tuna species.

Yellowfin

Yellowfin Skipjack Bigeye

(null* 8,775)

{arca x season® 8,542) (null* 15,995) (null* 12,398)

year (8,570)

season (13,648) year (11,839)

area {8,379)

year (8,290) area (15,477) area (11,538)

net depth (8,233)

net depth (8,166) hour (15,257) hour (11,407

yeariarea (8,179)

year:season (8,054) seasonzarea {15,104)

percentage coverage (8,136)

17)
yearzarea {11,322)
5

year (14,969) season (11,225)

percentage coverage (8,012)

year:percentage coverage (8,109)

season:net depth (7,979) year:season ( 14,787) season: area (11,113)

year:net depth (8,095) yeariarea (7,950) yearzarea (14,703) year:season (11,052)
area: percentage coverage (8,078) year:net depth (7,944) net depth (14,690) net depth (11,010)
underwater depth (8,071) year:percent coverage (7,933)  areaznet depth (14,681) season:net depth (11,001)

areazunderwacer depth (8,020)

area:percentage coverage (7,928) shape (14,671) percencage coverage (l(),99 1)

underwater depth:percent
coverage (8,005)

area:shape (14,657) ArEPEICENtAgE coverage

(10,980

season:percentage coverage

(1,924)

yearunderwater depth (7,992)

underwater depth (7,919) percentage coverage (14,649)  area:nec depeh (10,979)

color (7,991)

area:underwater depth (7,875)  season:percentage coverage underwater depth (10,978)

(14,637)

color:net depth (7,984)

hour:underwater depth

(10.971)

underwater depch: underwater depth (14,630)

percentage coverage (7,961)

color:underwater depth (7,977)

underater depch:

year:underwater depth (7,852)
percentage coverage (10,970)

year:percentage coverage
(14,624)

hour (7,850) percentage coverage:

net depth (14,619)

year:hour (7,834) shape:underwater depth (14,616)

year:area (7,333) area:underwater depth (14,612)

season:hour (7,832) hour:percentage coverage (14,610)

underwater depth: net depch  shape:net depth (14,609)

(7,851)

hour:underwater depth (14,607)

season:shape (14,606)

year:hour (14,606)

* indicates starting model. Value of the AIC statistic is shown in parentheses. Percentage reduction in the deviance for the

final model: yellowfin, 13.5%; skipjack, 10.4%; and bigeye, 13.5%. " indicates a first-order interaction term;

g

indicates

main effects and first-order interactions.

In contrast to the results of che analysis of p (figs 17-20), spatial and
seasonal effects on CPSS were similar among species, although there
was considerable variability between years (fig. 23). North of 0°, CPSS
of yellowfin was often greater offshore in the latter pare of the year;
however, in the latter part of the year south of 0°, the greatest values
were often found coastally. North of 0°, CPSS of skipjack and bigeye
increased with distance offshore in the latter pare of the year and were
highly variable amongst years between January and June (not shown).
CPss peaked offshore for skipjack from July to September and for bigeye
from October to December. South of 0°, variability in CPSS of skip-
jack between and within years led to no remarkable patterns; CPSS of
bigeye showed a slight increase between approximately 95°W and
115°W in the first part of the year (not shown).
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Figure 23

Approximate pointwise 95%
confidence intervals for
CPSS versus longitude, by
selected seasons, for each
year from 1995 to 1998:
upper row - yellowfin;

lower left - skipjack;

lower right - bigeye.

Black, 1995;

dark gray, 1996;
intermediate gray, 1997,
light gray, 1998.
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The effects of time of day and net depth on CPSS were also similar
among species (fig. 24). CPSS by time of day decreased for both skip-
jack and bigeye, with the greatest values of CPSS occurring in the early
morning. CPSS generally increased for all three species with net depth.
However, the effect of net depth on CPSS varied by area and season.
For most seasons and areas, there appears to be limited benefit in
deepening the net below 120 fathoms. The greatest increases in CPSS
with net depth occurred in January to March for both bigeye and
yellowfin, and between 90°W and 120°W north of 0° for skipjack. CPSS
of skipjack actually decreased with net depth south of 0° west of 120" West.
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Figure 24

CPSS by time of day and
FAD characteristics, pooled
over years 1995-1998.
Upper left: estimated CPSS
for skipjack (black line) and
bigeye (light gray line), and
approximate 95% pointwise
confidence intervals {dashed
lines) as a function

of time of day; upper.right:
approximate 95% pointwise
confidence intervals for
CPsS of yellowfin as a
function of net depth,
January to March (black
lines), April to June (dark
gray lines} and October to
December (light gray lines);
lower left: approximate 95%
pointwise confidence

for cPSS of skipjack as a
function of net depth, area 7
{black lines), area 6 (dark
gray lines) and area 4 (light
gray lines); lower right:
approximate 95% pointwise
confidence intervals for
CPSS of bigeye as a function
of net depth, January to
March (black lines), April to
June (dark gray lines) and
October to December (light
gray lines). See figure 16
for description of areas.
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Summary and discussion
pooco s e |

In this paper we have presented fishery statistics and a description of
factors affecting capture per set for the purse seine fishery on drifting
FADs in the EPO from 1992 to 1998. Although the fishery on FADs has
replaced the fishery on flotsam as the dominant purse seine mode of
capturing skipjack and bigeye tunas, the two fisheries were similar in
several respects: the majority of the sets were made in the early morning,
and skipjack and bigeye dominated the tuna capture, with comparable
discard ratios. However, the success rate for bigeye on FADs was more
than twice that on logs. In addition, FAD sets were made predomi-
nantly in latitudinal bands norch and south of the equator, extending
offshore to 150°W/, whereas log sets were coastal. The probability of
making a successful set and the capture per successful set for each of the
three species varied most with area, season and year. More successful sets
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for yellow(in were generally made coastally in the early part of the year
and offshore becween July and September. More successful sets were
made for skipjack and bigeye offshore than coastally; however, more suc-
cessful sets were made for skipjack coastally in che firse half of che year,
whereas more successful sets were made for bigeye coastally in the lacter
part of the year. Capture per successful set was highly variable spatially
and temporally, but showed a tendency to be greatest offshore in che
latter half of the year north of 0° for all three species. Of secondary impor-
tance were time of day, underwater depth of the FAD and net depth.
More successful sets and greater captures of bigeye and skipjack were
made eatly in the morning and with deeper nets, although the effect of
net depeh varied by area. In addition, more successful sets for yellowfin
and bigeye were made on FADs with deeper netting, although these effects
varied with area and FAD color. Capture per successful set for all three
species increased with net depth, although the rate of increase varied
seasonally and spatially.

Although our results suggest that capture per set of tunas varied with
the area, season and some FAD characteristics, inter-annual variation, and
spatial and temporal variability in the importance of FAD characteristics,
indicate that the processes that lead to successful sets and large captures
of fish are complex. In general, interaction terms appeared to be as
important as main effects, and even the largest generalized linear model
explained at most 17% of the variability in the data. The use of different
link functions, different distributional assumptions, additional covariates
and higher-order interactions may improve the fit of the models to the
data and could be explored. In addition, analysis of these data is com-
plicated by spatial and temporal variation in FAD characteristics. In
fact, the effects of FAD characteristics such as color on the probability
of making a successful set or capture per successful set may reflect a non-
linear response of tuna capture to spatial and temporal variability in
the environment not accounted for by the models fitted.

We have used sets that captured less than one metric ton of tunas as
representative of “unsuccessful” sets. These unsuccessful sets may be an
indication of the presence of only a few fish at the FAD or of a large school
of fish that escaped capture. An additional source of information would
be FAD observations that did not lead to sets (“sightings”). For the
depth of the purse seine net to be meaningful in our analysis of the
probability of making a successful set, we did not use sighting data.
However, the use of sightings as an indicator of the absence of fish
could be explored with regard to other factors (e.g., area and season).

Both small (£ 363 mt fish-carrying capacity) and large vessels partici-
pate in the purse seine fishery on floating objects in the EPO. Between
1992 and 1998, an estimated 67-84% of all floating object sets were
macdle by larger vessels (Anon., 2000). Observers generally are not pla-
ced aboard small vessels, and thus thete is almost no information avai-
lable on the characteristics of the FAD fishery of smaller purse seine ves-
sels. Conclusions drawn from analysis of FAD data for larger vessels may
not be applicable to these smaller vessels.
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Our analyses suggest that the location and the time of year of FAD sets
had more of an effect on capture per set of tunas than the characte-
ristics of the FAD or the depth of the purse seine net. The probabilicy
of making a successful set varied by as much 0.6 with longitude by
season, and capture per successful set often varied by as much as 50%
with longitude by season. On the other hand, che effects of net depth and
FAD depth were typically 0.2 or less for the probability of a successful
set, and typically less than 50% for capture in successful sets. These results
suggest that the benefits of modifications to FAD and purse seine net
characteristics may be potentially less than changing fishing areas and
seasons. Variation in the effect of net depth and FAD depth on capture
per set by area or season may reflect spatial or temporal changes in the
thermocline depth or other variation in the physical environment.
We found that capture per set of bigeye and skipjack tunas on FADs
varied with time of day, whereas capture per set of yellowfin did not.
More successful sets and higher catches in successful sets for bigeye
and skipjack tunas occurred in the morning. It is unknown why catches
of yellowfin would not vary in a similar manner. In general, captures
per set of yellowfin in FAD sets were much less than captures of bigeye
and skipjack, and perhaps we were unable to detect changes in capture
of yellowfin with time of day because the effect, if it existed, was small
and obscured by variability due to other factors. Alternatively, there may
be species-specific differences in the associarion of runas with floaring
objects. Skipjack and bigeye cunas may be strongly “attraceed” to floating
objects at night, whereas yellowfin are weakly “attracted” to floating
objects throughout the day.

Concerns that the rapid increase in fishing effort on FADs could cause
significant impacts to yellowfin, but especially to bigeye tunas, led to
the adoption of a series on management actions to try to contain, and
eventually reduce these impacts (Anon., 1999). Since 1992, the cap-
tures of bigeye tuna have increased considerably as a result of the pur-
se seine fishery on FADs. In addition, discards of yellowfin and bigeye
tunas tend to be greater for FAD (and log) sets than for school or dol-
phin sets. The discarded fish that are captured in FAD sets are usual-
ly small, and mostly likely immature. Since 1998, actions to reduce
the ecological impact of this mode of fishing have included a ban on
setting on floating objects and area closures. In 1998, all fishing for
yellowfin tuna inside the IATTC regulatory area was banned after a quo-
ta of 225,000 mt of yellowfin was reached on November 26. In 1999,
all setting on floating objects was prohibited after November 8. In
addition, catches of yellowfin tuna were restricted in some areas after
October 14, with a complete restriction effective on November 23
inside the IATTC regulatory area. For 2000, limits have been established
for the catches of both yellowfin and bigeye tunas.

104



Session 1 - Regional syntheses

There are several reasons why some yellowfin, skipjack or bigeye tunas
may be discarded during a set, including size (fish too small), storage
space Llimitations (vessel wells full with only a partial catch loaded), and
fish qualicy (fish may spoil during very long sets). By far, che size is the
prevailing reason for discarding of fish. However, economic conditions
(price, labor costs, demand), the availability of fish, regulations, and
company policies, may affect the discarding decisions of a particular crip.
These conditions may also change over time, following price changes
and other flucruations. Besides the main commercial tuna species for
this fishery, individuals of many other species are also captured in sets
on FADs (IATTC, 2000). These include sharks, rays, billfishes, dol-
phinfish, wahoo, yellowtail, rainbow runners, as well as tunas of other
species such as Awxis and black skipjack. Most of these species are dis-
carded; however, catches of some species ate kept for consumption on board,
or kept in small freezers for later sale. By-catches of tunas and of other
species are typically much higher in sets on FADs and logs than in sets
on school ot dolphin-associated cunas (Hall, 1998; IATTC, 2000). Sets
on dolphins have the lowest by-catches, probably because the average
cruising speed of the tunas and dolphins involved, and the speed during
the chase that precedes the set, prevent small individuals or slow-
moving species from keeping up with the tunas and dolphins.

The areas developed by the purse seine fishery on FADs in the 1990s
include two westward extensions, south and north of the equator, mainly
within the general regions of the South Equartorial Current and the
Equatorial Countercurrent (Wyrtki, 1965). Historically, these areas
have been regions with high levels of productivity (Berger ¢ «/., 1988).
Thus, differences in che spatial distribution of FAD sets between years
may reflect differences in current scructure, as well as changes in pro-
ductivity. For example, the presence of higher numbers of FAD sets
along the equator during 1997 (fig. 3) may reflect changes in the phy-
sical and biological characteristics of the Eastern Tropical Pacific that
accompany El Nifio events. A study of spatial and temporal variation
in the distribution of FAD sets, and associated catches, in connection
with physical and biological data for the Eastern Tropical Pacific would
undoubtedly provide useful insights into the influence of the envi-
ronment on the FAD fishery.

Acknowledgements

The authors wish to acknowledge Marco Garefa for his contribution to previous
work on tunas and FADs, Mark Maunder, Pat Tomlinson and George Watters for
making available the tuna length-frequency estimaces, Marcela Campa, Marta
Gomez and Jenny Suter for help with figures, William Bayliff and Michael Scott
for their comments on the manuscript, and Rick Lindsay and Marlon Roman for
expertise in FAD characteristics. Guillermo Compean and Michel Dreyfus of the
Programa Nacional de Aprovechamiento del Atdn y Proteccién de Delfines kindly
provided data on the number of purse seine sets by set type for Mexican-flag vessels.

105



Session 1 - Synthéses régionales

Bibliographic references

IATTC, 1989. Annual report of che Inter-American Tropical Tuna
Commission for 1988, 288 p.

IATTC, 1999. Quarterly report of the Inter-American Tropical Tuna
Commission, Fourth Quarter, 1999, 53 p.

IATTC, 2000. Annual report of the Inter-American Tropical Tuna
Commission for 1998.

Aprieto V.L. 1991. Payao, tuna aggregating device in the Philippines.
In: Symposium on Artificial reefs and Fish Aggregating Devices as
tools for the Management and Enhancement of Marine Fishery
Resources, Colombo, Sri Lanka, 14-17 May 1990. RAPA Reporrt,
1991/11, 1-15.

Berger W.H., Fisher K., Lai C.,Wu G., 1988. Ocean carbon flux: global
maps of primary production and export production. In: Biogeo-
chemical cycling and fluxes between the deep euphotic zone and
other oceanic realms. C. Agegian (ed.). Seties for Undersea Res. NOAA,
Undersea Research Programme. Res. Rep., 3(2), 131-176.

Cayré P., 1991. Arcisanal fishery of tuna around Fish Aggregating
Devices (FADs) in Comoros Islands. In: Symposium on Artificial
reefs and Fish Aggregating Devices as tools for the Management and
Enhancement of Marine Fishery Resources, Colombo, Sri Lanka,
14-17 May 1990. RAPA Report, 1991/11, 61-74.

Cleveland W.S., 1979. Robust locally weighted regression and smoo-
thing scaccerplots. J. Amer. Stat. Assoc., 74, 829-836.

Collece D., 1991. Modelling binary data. Chapman & Hall, London,
369 p.

Greenblatt P.R., 1979. Association of tuna with flotsam in the Eastern
Tropical Pacific. Fish. Bull., 77, 147-155.

Hall M.A., 1998. An ecological view of the tuna-dolphin problem:
impacts and trade-offs. Rev. Fish. Biol. Fish., 8, 1-34.

Hall M.A., Garcia M., Lennert-Cody C.E., Arenas P, Miller F., 1999a.
The association of tunas with floating objects and dolphins in
the Eastern Pacific Ocean: a review of the current purse seine
fishery. In: Proceedings of the international workshop on the eco-
logy and fisheries for tuna associated with floating objects. Scoct M.D.
Bayliff W.R., Lennert-Cody C.E. & Schaefer K.M. (comp.). Spec.
Rep. I-ATTC, 11, 87-194.

Hall M.A., Lennert-Cody C.E., Garcia M., Arenas P., 1999b. Charac-
teristics of floating objects and their attractiveness for tunas. In:
Proceedings of the international workshop on the ecology and fishe-
ries for tuna associated with floating objects. Scott M.D. Bay-
liff W.R., Lennert-Cody C.E. & Schaefer K.M. (comp.). Spec. Rep.
I-ATTC, 11, 396-446.

106



Session 1 - Regional syntheses

Hastie T., 1987. A closer look at the deviance. J. Amer. Stat. Assoc.,
41, 16-20.

Hastie T.J., Tibshirani R.J., 1991. Generalized additive models. Mono-
graphs in statistics and applied probability, 43. Chapman & Hall,
London, 355 p.

Lo N.C.H., Jacobson L.D., Squire J.L., 1992, Indices of relative abun-
dance for fish spotter data based on delta-log normal models. Can.
J. Fish. Aquat. Sci., 49, 2515-2526.

McCullagh P., Nelder J.A., 1989. Generalized linear models (2nd ed.).
Monographs in statistics and applied probability, 37. Chapman &
Hall, London. 511 p.

Perrin W.F,, 1968. The porpoise and the tuna. Sea Frontiers, 14(3),
166-174.

Polovina J., 1991. A global perspective on artificial reefs and Fish
Aggregating Devices. In; Symposium on Artificial reefs and Fish
Aggregating Devices as tools for the Management and Enhancement
of Marine Fishery Resources, Colombo, Sri Lanka, 14-17 May 1990.
RAPA Report, 1991/11, 251-257.

Scott J.M., 1969. Tuna schooling terminology. Calif. Fish Game, 55,
136-140.

Stefdnsson G., 1996. Analysis of groundfish survey abundance data:
combining the GLM and delta approaches. ICES J. Mar. Sci., 53,
577-588.

Tomlinson P.K., Tsuji S., Calkins T.P., 1992. Length-frequency esti-
mation for yellowfin tuna (Thunnus albacares) caught by commer-
cial fishing gear in the Eastern Pacific Ocean. Bull. I-ATTC, 20(6),
357-398.

Watters G.M., 1999. Geographical distributions of effort and catches
of tunas by purse seine vessels in the Eastetn Pacific Ocean during
1965-1998. Data Rep. I-ATTC, 10.

Wyrtki K., 1965. Sutface currents of the Eastern Tropical Pacific Ocean.
Bull. I-ATTC, 9(5), 271-304.

107



Session 1 - Synthéses régionales

The use of anchored FADs in the area
served by the Secretariat of the Pacific
Community (SPC): regional synthesis

Aymeric Désurmont, Lindsay Chapman

Secretariat of the Pacific Community, BP D5, 98848 Noumea Cedex, New Caledonia
AymericD@spc.int

Abstrac

In the area served by the Secretariat of the Pacific Community (SPC),
which includes 22 Pacific Island countries and territories, anchored
FADs have been used since the late 1970s. First introduced from the
Philippines, viz Hawaii, they were quickly adopted by both industrial
and artisanal fisheries sectors: in 1984 more than 600 anchored FADs
had been deployed in the region. Since these early days, the develop-
ment of the technique by the industrial and the artisanal sectors have
followed parallel paths with litcle interaction. In the industrial private
sector, companies are funding, deploying and monitoring their own FADs.
For some purse seining companies from the Solomon Islands or Papua
New Guinea, these FADs have become a necessity. FAD programmes for
small-scale fisheries have been almost exclusively run by the public
sector, with technical support from regional and international develop-
ment agencies and financial assistance from overseas funding agencies.
These programmes have had mixed successes: becoming an on-going
and essential tool in some places like French Polynesia or Guam; or being
momentarily suspended, like in Vanuatu or Nauru, because of the lack
of funds, partly due to the lack of proven economic return to the fishing
communities. This document is an attempt to synthesize the cutrent
information on these very diverse situations, including technical, eco-
nomical and social considerations.

Itrouction

The authors of this regional synthesis have endeavoured to pull together
as much of the available information on anchored FADs and their use
in the Pacific region. This has been a large task as there are 22 Pacific
Island countries and territories in the region, and trying to summarise
the current status has been difficult due to the great variation in
approaches and the availability of documented information. In some
cases, anecdotal informacion has been collected, or the hands-on experiences
of the authors and other SPC staff have been drawn upon to present the
most up-to-date “picture” of the Pacific situation.
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Context and original conditions

The geographical zone concerned

This document is related co the geographical zone served by the Secre-
tariat of the Pacific Community (SPC, formerly the South Pacific Com-
mission) as shown in figure 1. It extends between 23°N and 32°S in
laticude and 130°E and 120°W in longitude.
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Figure 1

Countries and territories
served by SPC (grey areas
represent the approximate
Exclusive Economic Zones).

It includes 22 States and Territories (tab. 1) spread over more than
30 million square kilometres, of which two per cent only are emerged
land. It comprises more than 7,500 islands, but only 500 of them are
inhabited. This isolation complicates administration, communication
and the provision of basic services. The Pacific Islands are separated into
the three sub-regions of Melanesia (west), Polynesia (south-east) and
Micronesia (north), based on their ethnic, linguistic and culcural dif-
ferences. The islands themselves feature great geographical diversity.
Papua New Guinea accounts for 83 per cent of the land area, while
Nauru, Piccairn, Tokelau and Tuvalu are each smaller chan 30 square
kilometres. Some countries or territories, such as Nauru and Niue, are
compact and consist of only one island; others, such as French Polynesia
and Federated States of Micronesia, include more than a hundred islands,
which are distributed over enormous distances. In terms of physical geo-
graphy and natural resources, the Melanesian countries tend to be large,
mountainous and volcanic (with rich soils and exploitable mineral
deposits), while the Polynesian and Micronesian islands are smaller: Kiri-
bati, Marshall Islands, Tokelau and Tuvalu consist of low-lying atolls,
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only one or two metres above sea level. The smaller volcanic islands such
as the Cook Islands, parts of the Federated States of Micronesia and
French Polynesia, Tonga and Samoa, have some fertile land, but both living
and non-living natural resources are mainly confined to the ocean.

Table 1 - Countries and territories served by SPC (population estimate prepared by SPC
Demography-Population Programme).

Country/territory Population estimate Land area Pop. density EEZ area
(mid-1999) (km?) (people/km?) (km?)
Melanesia 6317102 539712 12 8§ 170000
Fiji 801543 18333 44 1290000
New Caledonia 212807 18576 11 1740000
Papua New Guinea 4692437 462243 10 3120000
Solomon Islands 421011 28370 L5 1340000
Vanuacu 189304 12190 16 680000
Micronesia 521158 3214 162 10405 000
Federated States of Micronesia 116414 701 166 2780000
Guam 149643 541 277 218000
Kiribati 88558 811 109 3550000
Marshall Islands 63226 181 349 2131000
Nauru 11346 21 540 320000
Northern Mariana Islands 72776 471 155 777000
Palau 19195 488 39 629000
Polynesia 604121 8133 74 10750000
American Samoa 63329 200 317 390000
Cook Islands 16769 237 71 1830000
French Polynesia 228786 3521 65 5030000
Niue 2040 259 8 390000
Pitcairn Islands 40 39 1 800000
Samoa 167988 2935 57 120000
Tokelau 1500 12 125 290000
Tonga 99657 649 154 700000
Tuvalu 9637 26 371 900000
Wallis and Furuna 14375 255 56 300000
All Pacific Islands 7442381 551059 14 29325000

Development status of fisheries and constraints

Fishing activities in the region cover the whole range from very low-
technology coastal subsistence activities to the high-technology oceanic
fisheries such as offshore purse seining for tunas. They can be split in
three main categories (Adams, 1996):

Oceanic fisheries: fisheries for tropical tuna, which are carried out
mainly by distant-water fishing vessels of non-Pacific Island nations,
within the Economic Exclusive Zones (EEZs) and of high seas adjacent
to Pacific Island nations;

Coastal fisheries for domestic consumption: multi-species, mainly reef
and lagoon, fisheries carried out mainly by Pacific Island nationals in
the small-scale commercial and artisanal sectors, using hook-and-line,
net, speat, traditional trap or weir and hand-collection;
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Figure 2

Tuna catch trend

in the Pacific Islands region
{data source: SPC Oceanic
Fisheries Programme;
1998 value is provisional).
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Coastal fisheries for export: a more limited range of species, gene-
rally those which ate not consumed locally and/or which obtain a high
price overseas, are exported, mainly to Chinese-speaking areas of the
world.

Oceanic fisheries

Wichin the SPC area (see fig. 1), this fishery currently catches around
one million tons per year whole weight of skipjack tuna (Kazswwonus
pelamis), yellowfin cuna (Thunnus albacares), bigeye tuna (Thunnus
obesns) and albacore tuna (Thunnus alalunga) (see tig. 2 for tuna catch
trends since 1970) worth around US$ 1.5 billion landed value. Apart
from bigeye tuna, for which recent scudies have raised some concerns
(Hampton ¢t af., 1998; Bigelow ez a/., 1999), this level of tropical tuna
tishing appears to be sustainable. However, Pacific Island vessels are
only landing a small portion of this fish (12% in 1997, source: Regional
Tuna Fisheries Database maintained by SPC), and these vessels are

mainly owned by Governments or foreign investors.
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Since the early nineties, several Pacific Island countries and territories,
(Fiji, Federated States of Micronesia, French Polynesia, New Caledonia,
Tonga and Papua New Guinea), have developed domestic fleets of small
longliners (16 to 25 m), mostly targeting the fresh sashimi market. One
country, Samoa, has developed an incredible fleet of over 250 small
longliners (8.5-12 m alia catamarans, fig. 9) targeting albacore tunas
for their local market and nearby American Samoa canneries (Mulipola
& Fa'asili, 1999). These fleets appear as an intermediate level of deve-
lopment between artisanal and industrial fisheries in the region.
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Coastal fisheries for domestic consumption

These fisheties rake around 100,000 tons per year, of several hundred
species of fish and invertebrates, within the territorial waters of SPC
Island member countries and territories (Dalzell et #/., 1996). It is very
difficule to separate domestic fishery production into commercial and
subsistence components, since most Pacific Island fishing communities
both consume and sell part of their catch. However, it is estimated that
eighty per cent of all coastal fisheries production is used for subsistence
(tab. 2). It is important to note that, unlike oceanic fisheries in the region,
all of the coastal fisheries production is by Pacific Islanders (Adams ez 4/.,
1996) and mainly by poor people. It is thus coastal fisheries that provide
the majority of the current benefit derived by Pacific Islanders from
fisheries. Most importantly, this benefit is obtained particularly in the
smaller islands and rural areas. Fishing is a traditional activity, and is some-
thing that is still carried out by the great majority of Pacific Islanders.
Unlike people in most developed countries, the majority of Pacific
Islanders have a direct stake in coastal fisheries.

Table 2 - Rough estimate of total Pacific Islands coastal annual production
(non-tuna) (from Dalzell et al., 1996).

Subsistence Commercial Total
Catch (mt) 80048 24610 104658
Value (USS) 160323927 83353790% 243 677 346%

* Nominal values.

Coastal fisheries for export

Pacific Island nations do not export many fishery products from their
coastal zones, probably less than 10,000 tonnes per year exported
weight, within the territorial waters of SPC Island member countries
and territories (Dalzell & Adams, 1996). Those that are exported are
primarily commodities aimed at specific niche markets. In volume, the
most important exports are those of dried sea-cucumbers, (still known
as “beche-de-mer” in Melanesia and “#repang” in Micronesia) which are
mainly consumed by Chinese-speaking people, and of top and mother-
of-pearl-shells (Trochus niloticus, Pinctada margaritifera, Turbo marmoratus,
in decreasing order of volume) used for buttons.

Since the mid-1990s, a live reef fish fishery for food, mostly exporting
to the Hong Kong market, has developed in the region (Johannes &
Lam, 1999; Sommerville & Pendle, 1999; Yeeting, 1999). However,
considering the very high prices offered for live reef food fish and the
fragility of the resource, this fishery combines most of the elements
leading to overexploitation and will need to be very tightly managed
to be sustainable.

The export-oriented deep reef-slope commercial fishery for eteline snap-
pers that starced in several countries during the 1980s has given way,
in most cases, to small-scale tuna longlining, not because of stock
depletion but because of better economic returns.
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Although more related to aquaculeure than to fishing, black pearls
from the blacklip peatl-shell Pinctada margaritifera, resulting from che
culcivation of primarily wild stocks, are another valuable export product.
French Polynesia and the Cook Islands, where dense populations of
wild broodstock can be found, have established a very successful black
pearl industry (value of black pearl exports from French Polynesia
exceeded US$ 140 millions in 1996, see SPC Pear! Oyster Bullerin, 12,
p. 11), and several other countries in the region are in the process of

developing their own.

Where FADs originated: the first types

Anchored FADs were first recorded in Malta, Mediterranean Sea, during
the 17th century (de San & Pages, 1998). In Indonesia and the Phi-
lippines, fishermen started to use FADs in the early 1900s (Anderson
& Gates, 1996). In the Pacific region, anchored FADs have been used
since the late 1970s by both industrial and artisanal sectors. Despite a
probable common origin, the development of the technique within
the two sectors has followed parallel buc differenc paths, wich lictle inter-
action. Because of this evolution, the information provided in this
synthesis will in many cases be presented under che headings of Indus-
trial sector and Artisanal sector, to show the differences that have
occurred over the years.

Industrial sector

Anchored FADs used by industrial cuna fishing fleets in the Western
Pacific originated from the payao model (fig. 3) used in the mid-1970s
by purse seiners in the Philippines (Chikuni, 1978). It consists of a
single or double-layered bamboo raft, 2.5 m at one end, tapered at the
other and 12 m or more in length, linked to the bottom by a 16 mm,
3 strands, polypropylene rope. Anchors were made of 200 | drums filled
with cement and linked to the mooring line by a 16 mm wire cable.
To keep the floating polypropylene rope from coming to the surface,
counterweights made of cement, chain links or stones were added along
the mooring line.

Artisanal sector

Most Pacific Islands countries and territories first heard about FADs
during the 1979 SPC Regional Technical Meeting on Fisheries (RTMF),
with the presentation of experimencs carried out in Hawaii becween 1977
and 1979 (Matsumoto ¢t a/., 1979). Encouraging results obtained in
Hawaii convinced many SPC member countries and territories to start
their own experiments. They all used the Hawaiian model (fig. 4) to
develop their own systems. Four years later, more than 600 FADs had
been deployed in the region, of which 150 were used by the artisanal
sector (Boy & Smith, 1984).
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Figure 3

The FAD model {payao)
introduced from

the Philippines

in the micd-seventies.
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Figure 4

The FAD model developed

in Hawaii {from Matsumoto

et al., 1979). ; Raft made

with 2 oil drums .‘&
o
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Key events relating to innovation and adaptation in the zone

Industrial sector

The first countries to adopt the FADs in the region were Fiji and the Solo-
mon Islands where locally based industrial fishing companies, with fleets
of purse seine and pole-and-line vessels, were operating. A few minor
changes were made by each company to the original model imported from
the Philippines according to the availability of materials (Solomon Taiyo
Led, in Solomon Islands, is now using stainless-steel cable to link the raft
to the mooring line (Sibisopere, 2000). In Papua New Guinea (PNG),
where three companies are managing around 700 anchored FADs (Kumo-
ru, in prep.), rafts are made of steel to which bamboos and coconut fronds
are actached. In recent years, to prevent other fishing boats from cutting
the line, a 100-m steel cable, protected by a PVC tube filled with grease,
has been inserted at the top of the mooring.

Artisanal sector

From 1979 to 1984, most SPC countries and territories developed their
own systems based on the Hawaiian system. According to availability
of materials and engineering possibilities within each country, many
different types of rafts and anchors were built with very variable success
(Boy & Smith, 1984). However, all used the same type of mooring line,
i.e. 13-20 mm polypropylene rope with a counterweight to keep it under-
water. In mid-1983 the average lifespan of FAD systems was only six
months, and concerns were raised on their costs versus benefits.

In 1983, this situation prompted SPC to undertake a region-wide FAD
research and development project which culminated in the publication,
in 1984, of the handbook: Design inprovements to Fish Aggregating Devices
(FADs) mooring systems in general use in Pacific Island countries. The authors,
Richard Boy and Barney Smith, reviewed the systems used in the region
and made recommendations on ways to improve them. The FAD model
(tig. 5) they recommended was based on three design criteria:

- working-life expectancy of more than two years;

- unit cost within US$ 3000-4000 range;

- capable of deployment from small vessels (9-18 m).

Main improvements recommended included the use of:

- a catenary-curve mooring line (using sinking Nylon rope in the upper
part and floating polypropylene rope in the lower part) to get rid of the
counterweight which was a probable cause of line tangling (Preston,
1982);

- non-torque ropes (8 or 12-strand plaited ropes) to avoid kinks when
ropes are submitted to extreme loads;

- all hardware made of hoc-dip galvanized mild-steel to avoid electrolysis;
- special rope connectors made of plastic (Samson Nylite™) instead of
the wire rope thimbles considered to be unsuitable for synthetic ropes.
The new design was progressively adopted throughout che region and by 1989,
most countries and territories were reporting longer FAD life expectancy.
However, the two-year average lifespan goal was still not achieved and costs
in some countries had increased well beyond the limits set.
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Figure 5

The FAD model developed
for SPC by Boy & Smith
(1984).
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These events led to another phase of FAD development for SPC, which
started in 1990. It was aimed at: further improving FAD technology
through practical research; establishing standard procedures for all
aspects of FAD programmes, from the preliminary planning to the
maintenance; and training regional FAD technicians. The programme
was finalized between 1996 and 1998 with the publication of the three
volumes of the SPC FAD Manual (Planning FAD programmes (Anderson
& Gates, 1996), Rigging degp-water FAD nworings (Gates e al., 1996), and
Deploying and maintaining FAD systems (Gates er al., 1998).
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Dynamc deployents

Original and revised objectives

Three objectives are common to all FAD programmes, regardless of
whether they are for the induscrial or the artisanal sector: 1) increase
production, 2) reduce operational costs and 3) achieve more consistency
in the landings over time.

For the artisanal sector, some of the other objectives sec by Fisheries
Departments when they develop FAD programmes include: reducing
pressure on reef resources, increasing safety at sea and supporting or
developing sports fishing activities!.

Meeting these objectives also implies that the costs of FAD programmes
do not exceed the benefits they bring. Therefore, extending life expectancy
and limiting costs of PADs can also be considered as two important
objectives when setting FAD programmes. However, these objectives
have very different values for che industrial and artisanal sectors. For
industrial fishing operations, the availability of FAD materials is not a
problem and replacing lost FADs is done easily by the companies’ boats.
Therefore inexpensive FADs which last a single season are acceptable.
In contrast, for the artisanal sector, FADs are almost always paid for, built
and deployed by the public sector. Every action has to be planned well
in advance: budgets, if any, have limited flexibility, materials may be
hard to obtain, boats used to set and maintain FADs are not always
available, so FAD lifespan is the paramount objective. As stated earlier,
an average lifespan of more than two years is an objective that has been
set by most Pacific Island FAD programmes.

Achievements, adaptations, constraints and difficulties

Industrial sector

The use of anchored FADs in the industrial sector is limited to the two
countries that have active home-based industrial fishing companies: Papua
New Guinea (~700 FADs) and Solomon Islands (~200 FADs). Little data
is available to assess the exact benefits brought by anchored FADs to
these fishing companies, but all are recognized to be heavily dependant
on these FADs to survive. Solomon Taiyo Ltd, a private company based
in the Solomon Islands, estimates that 90% of its purse seiners’ catch
and 60 to 70% of its pole-and-liners’ catch come from fishing around
anchored FADs (Sibisopere, 2000).

The companies place anchored FADs in relative proximity to their base.
In Solomon Islands, FADs can be placed in territorial waters (within 12 miles
of land), in Papua New Guinea, they must be anchored outsice of the
12-mile zone, but within archipelagic waters. Until now, the number
of FADs set and the distance between FADs are more related to economic

1. The “political” objective is another important one when studying reasons for FAD deployments
in the Pacific. Setting a FAD close to a village is a good way to show that something is done for
the village. It would probably be interesting to analyse the number of FADs put in place in rela-
tion to the proximity of elections; however, it would be hard to put an exact figure on the bene-
fits obtained.
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constraints than government regulations, even if there are plans, both
in PNG and the Solomon Islands, to put such regulations in place. Dis-
tance between FADs varies [rom 4 to 20 miles. When FADs are placed
close together, boats have less distance to travel and are able to check
more FADs in one day. But, schools from different FADs can easily mix,
which could be a problem if undersized fish from one FAD mix with
bigger-sized fish from another FAD. On the other hand, some purse
seiners are now associated with several light-boats chat gacher fish from
different selected FADs with appropriate sized fish, to create one school
big enough for a set. This is only possible when FADs are not too far
apart.

In PNG, three other criteria are used to choose FAD locations: “shallow”
depths (to minimize the cost of the mooring line), lictle current (strong
currents put strain on the FAD, are believed to decrease its fish retention
rate and malee it difficult to set the net) and “low” (<30°C) sea surface
temperature, (which means shallow thermocline and easier cacches;
Kumoru, in prep.).

Another constraint comes from other fishing boats cutting the FAD
mooring lines or setting around the FADs with no care, since they are
not the owners of the FADs. Some companies in PNG are now using 100 m
of cable at the top of the mooring line as prevention.

Artisanal sector

FADs have been deployed in all Pacific Island countries and territories
served by SPC, except Pitcairn. If increasing production is the only
benchmark used to measure success, it can be considered that all FAD
programmes have been successful, as there is no report of a place where
FADs “did not work”. However, three categories can be set to evalua-
te, in more detail, achievements in the region:

- places where FADs have contributed significantly and consistently to
fish landings from the artisanal sector (e.g. French Polynesia, Guam,
Cook Islands or Niue);

- places where FADs have contributed intermittently to fish landings
(e.g. Samoa, Nauru or Vanuatu).

~ places where the contribution of FADs to fish landings has been mini-
mal (e.g. New Caledonia, Solomon Islands, Papua New Guinea, Kiri-
bati or the Marshall Islands).

Some constraints and difficulties are common to all FAD programmes
in the Pacific. The main one, that has hampered FAD programmes
since the beginning despite progress made in design and construction,
is the premature loss of FADs due to: adverse weather (cyclones), human
intervention (deep fishing lines tangling and severing the mooring,
vandalism), fishbite, line break by vessels, etc. Considerable efforts
have been deployed to address these problems, but the two-year lifespan
set as an objective by most FAD programmes in the region has never
been reached. It is interesting to note here that, until very recently, FAD
programmes in the region have used exclusively “heavy” FADs (with moo-
ring lines in the 16-24 mm range), following the rather expensive path
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set by SPC: “make it strong so it will last”. The other path, followed in
patt by the industrial sector, “make it cheap, because it won't last”, has
almost never been followed in the artisanal sector.

Some examples of achievements, constraints and difficulties encountered
in each of the three categories are given below.

Places where FADs have contributed significantly and consistently
to fish landings

These are limited to four places in the Pacific, French Polynesia (mainly
in the Society Islands), Guam, Cook Islands (mainly in Rarotonga) and
Niue, where coastal resources are limited and artisanal fishermen have
to rely on oceanic resources.

In French Polynesia, 236 FADs have been set berween 1981 and 1997,
but most of the programme (70% of FADs set) has been concentrated on
the Leeward and Windward Islands where 20 FADs are now permanently
kept on station (Leproux, 1998). Interestingly, the main difficulty
encountered by this FAD programme is somehow related to its success,
since the number of premature FAD losses has been directly correlated
with the number of fishermen visiting the FADs. The main fishing
technique used around FADs is the midwater drop-stone technique and
damage by fishing lines has been reported as the main cause of premature
FAD losses. To try to solve this problem, costly protective sheeting has
been added to the top 200 m of the FAD mooring line but the effective-
ness of this measure is still questioned. This problem is common to all places
where midwater fishing techniques have been developed.

In Guam, after experimental trials in the early 1980s, the FAD pro-
gramme really starced in the early 1990s. Following the Coast Guards
regulating che authorized number of FAD locations, it has grown from
maintaining 4 to 16 FADs on station (DAWR, 1998). Apart from this
limitation on the number of FADs that can be maintained on station,
the programme has also been constrained to use expensive steel buoys
able to carry a radar-reflector and a flashing light for safety of navigation
purposes.

On the island of Rarotonga, Cook Islands, the Ministry of Marine
Resources has maintained almost permanently a minimum of two FADs
on station despite the difficulties encountered in securing overseas aid
funds for its FAD programme.

On the tiny island of Niue, there is no lagoon and the fringing reef is
extremely narrow. During the last ten years, four to eight “inshore”
FADs (+ 300 m from shore) have been kept on station for canoe fisher-
men. The fish caught around these FADs (mostly baitfish but also tuna
and “mahi-mahi”) is used for home-consumption. One “offshore” FAD
+ 2 miles from shore) is also set for a few professional fishermen and

the two game fishing operators.

Places where FADS have contributed intermittently to fish landings
Several other places in the Pacific also rely on oceanic resources to com-
plement relatively limited coastal resources. But several constraints,

120



Session 1 - Regional syntheses

including availability of funds and limited markets, have affected their
FAD programmes. When the local economies are not strong enough to
support a FAD programme, funding has to be found overseas through
aid agencies or bilateral agreemencs. This type of funding is almost
always associated with projects well defined in time (usually 3-5 year
projects) and many FAD projects have been interrupted while new funds
were looked for.

In Samoa, for example, FAD programmes have been funded through over-
seas aid funds and were interrupted several times. Nevertheless, FADs
have contributed to the development of an important artisanal fishery.
Using small, outboard-powered aluminium catamarans (“alias”), Samoan
fishermen have gone from deep-bottom fishing for snapper, to FAD
fishing for skipjack and small yellowfin tuna, and finally to tuna hori-
zontal longlining, using manually powered longline drums. In 1998, a
fleet of 250 of these small-scale longliners have landed more than 7,000 ¢
of tuna Mulipola & Fa’asili, 1999). Since 1995, the FAD programme
has stopped, mainly because of the lack of funds, but also because the
fishermen using horizontal runa longlines did not need FADs anymore.
In 1999, the Samoan Fisheries Department has started a new FAD pro-
gramme aimed at smaller-scale fishermen who are not able to make the
initial investment needed to enter the longline fishery.

In Port-Vila, Vanuatu, small-scale fishing operations, using trolling
techniques, rely on the FADs set by the Fisheries Department. When the
programme was interrupted in 1997, partly because of the lack of funds,
most operations stopped, but one was kept active by its manager who
decided to finance and set his own FADs (a light model developed from
the Martinique-type FAD; Chapman, 1997, René Laurent, pers. comm.).
In addition, the charter and sport fishing operators in Port-Vila are now
also assisting with financing FADs for their fishing operations.

In the small island of Nauru, FADs, when in place, have contributed
significantly to fish landings; prices of fish climb when no FADs are on
station. However, FAD programmes, partly because of inconstant funding,
have not really contributed to the development of the artisanal sector.
When no FADs are on station, artisanal fishermen switch to other
techniques.

Places where the contribution of FADS to fish landings

has been minimal

In some places like New Caledonia, Papua New Guinea or Solomon
Islands, coastal resoutces are still plenciful. Fishing in coastal waters is
easier and usually requires less initial invescment than (ishing around
FADs. Therefore, the need for FADs is marginal and FAD programmes
have been run, when funds were available, more on an experimental basis.
However, close to urban centres where too many fishermen may be
competing for the same coastal resources, FADs have sometimes contri-
buted to the development of small fisheries. In the eatly 1990s, a FAD
was set to the west of Port Moresby, Papua New Guinea, specifically
to assist the fishermen of Daugo Island (Fisherman'’s Island; Beverly &
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Cusack, 1993). At this location, around 50 small boats and canoes
tished the lagoon, reel and offshore waters. The secting of chis FAD
greatly assisted the fishermen of this island to increase their catches,
with much of the catch landed at Port Moresby’s Koki Market for sale.

Appraisal of operations

Use, ecological impact, fishing operation and species composition

The Pacific experience with the effectiveness of FADs has been very
positive. All countries and territories in the region have reported that
the FADs they have deployed atcract fish, although the level of use
changes from location to location.

Industrial sector

As has already been stated, the two industrial fishing methods used in
the Pacific around FADs are purse seining and pole-and-line. Both methods
target surface schools of skipjack tuna and mainly juvenile yellowfin
tuna, which often swim together in mixed schools. Some juvenile bigeye
tuna are also mixed in the schools at times, plus a range of other by-catch
species.

When purse seining a tuna school associated with a moored FAD, a light-
dinghy (small vessel with underwater light and generator) is attached
to the FAD raft during the late afternoon or night. Before dawn, the raft
is detached from the FAD mooring so that the raft and lighe-dinghy drift
away from the mooring, taking the attracted fish with them. Before day-
break, the purse seine net is set around the raft and light dinghy
encircling the tuna school. As soon as the net is set and the purse seiner
has retrieved the first end of the net, the purse line is hauled to close
off the bottom of the net, thus closing off any escape for the encircled
tuna school.

Many pusse seine skippers believe that the baitfish that have congre-
gated around the FAD raft assist in the attraction of tunas, so they make
an effort to release as many of these species as possible. In many cases,
when pursing is complete and before the net hauling commences, the
main boom is lowered on the net side, so that a gap forms between
the vessel and the end of the net through which the FAD raft can be
slowly towed, allowing the bait, at least in part, to escape (Bailey ¢t a/.,
1996). The FAD raft is then slowly towed back to the mooring where
it is re-atrached.

This method takes all fish that have been attracted under the FAD and
enciccled in the net, including larger yellowfin tuna and a range of by-
catch species, including sharks (several species), marlins (several spe-
cies), rainbow runner (Elagatis bipinnulata), “mahi-mahi” (Coryphaena
hippurns), wahoo (Acanthocybinm solandri), mackerel scad (Decaprerns
macarellus), and oceanic triggerfish (Canthidermis maculatus).

There is limited data available for the complete species composition list
or the numbers and weights of each species taken from moored FAD sets
by purse seining. Therefore the following information is provided from
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Lawson (1997) as a guide or indication of what could be expected from
moored FADs sets, based on purse seine log sets (drifting FADs) in the
Western and Central Pacific (WCP) tuna fishery. Overall che by-catch,
as identified by observer data, is estimated at 3.0 to 7.3 per cent of the
total catch by weight for log sets. A summary of the preliminary estimates
of annual catch taken by the American, Japanese, Korean and Taiwanese
purse seine fleets is provided in table 3.

Table 3 - Preliminary estimates of annual catches (metric tons)
by the American, Japanese, Korean and Taiwanese purse seine fleets
in the SPC statistical area for log sets (adapted from Lawson, 1997).

Species : Catch Percentage
(mt) of catch
Skipjack tuna (Katsuwonis pelami) 228048 64,32
Yellowfin tuna (Thunnus albacares) 103472 29,19
Bigeye tuna (Thinnns obesus) 19800 5,58
Rainbow runner (Elagatis bipinniulata) 1118 0,32
Sharks (mainly Carcharbinns species) 548 0,15
Mackerel scad (Decapterns spp.) 325 0,09
Oceanic triggerfish (Canthidermis maculatus) 296 0,08
Other mackerels (unidentified, possibly Decapterus spp.) 284 0,08
Mahi-mahi (Coryphaena bippurus) 183 0,05
Black marlin (Makaira indica) 145 0,04
Blue marlin (Makaiva mazara) 99 0,03
Bullec tuna (Awxis rochei) 72 0,02
Barracudas (Sphyraena spp.) 50 0,01
Wahoo (Acanthocybinm solandri) 25 0,01
Pacific radderfish (Psenopsis anomala) 17 0,00
Fish (unidentified species) 15 0,00
Whale shark (Rbincodon typus) 9 0,00
Manta rays (Mobula japoiica, Manta spp.) 5 0,00
Ocean sunfish (Mola mola) 4 0,00
Frigate tuna (Awxis thazard) 2 0,00
Suilfish (Istiophorus platypterus) 2 0,00
Broadbill swordfish (Xiphias gladins) 2 0,00
Trevallies (unidentified Caranx spp.) 2 0,00
Pelagic stingray (Dasyatis sp.) 1 0,00
Total 354524 99,97

Bailey et a/. (1996) indicate that there is a slightly higher by-catch rate
for purse seining catches from moored FADs compared to log sets. This
is attributed to the fact that mootred FADs are located close to islands
and land masses, where by-catch species may be more abundant. In
addition, moored FADs are not fished as consistently as logs, thus
allowing a possible build-up of by-catch species.

There is strong evidence of stratification of the baitfish and tunas, with
the baitfish staying in the upper water column closely associated to the
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FAD and the tunas aggregated below. Skipjack tuna tend to aggregate
in the upper 20-40 m, with yellowfin tuna furcher below and bigeye
below 110 m (Bailey et a/., 1996).

For pole-and-line fishing around moored FADs, the target species are
the same as for purse seining (skipjack tuna, juvenile yellowfin tuna
with small numbers of bigeye tuna). The fishing operation is simple,
the pole vessel approaches the FAD and throws small live baitfish o attract
the surface-schooling tunas to the boat. Water is sprayed from the side
of che vessel into the water to break the visual outline of the vessel and
to simulate baitfish on the surface. Fishermen then use a pole with a
short line (less than the length of the pole) and a barbless lure to attract
and catch che fish, swinging or “poling” them on board.

By-catch from poling is restriceed to latger fish (> 1.0 kg) and not bait
species, that can be caught on the barbless lures used in this fishing
operacion. Poling is also a very selective mechod so that if unwanted
by-catch species are caught, they can be released alive or the fishing ope-
ration can be ceased to restrict the numbers caught. In the Solomon
Islands for instance, only rainbow runner and island bonito (Aznxis the-
zard) ate retained as by-catch by the pole-fleet for local sale.

Artisanal sector

The artisanal fishery around moored FADs is very different to the indus-
trial fishery. Artisanal fishing methods include trolling, handlining,
midwater handlining, vertical longlines and single-hook drift lines.
These fishing techniques are employed from a range of vessel types, from
traditional canoes to outboard-powered dinghies and catamarans to
diesel-powered dories and skiffs. The main species targeted by these
methods are skipjack tuna, yellowfin tuna and “mahi-mahi”, although
other species like rainbow runner and albacore tuna (Thunnus alalunga)
are also raken.

The placement of FADs for artisanal fishing influences the species that
are actracted. For example, inshore FADs may be set to attract mainly
bait species (mackerel scad and bigeye scad, Selar crumenophthalns)
that can be caught for eating or for use as bait for other fishing methods.
Inshore FADs are generally located within 500 m of the coast or reef,
which is the case in Niue where chese FADs are specifically set for canoe
fishermen (around 300 m offshore), so they can paddle out and fish
relatively close to the island. Canoe fishing around these inshore FADs
is mainly done wich light handlines near the surface, heavier handlines
in midwater, with some surface trolling. Similarly in Nauru, the large
ocean mooring buoys for the phosphate vessels act as FADs close to
shore with many fishermen working around them for bait species as
well as tunas in midwater (Chapman ef /., 1998).

The more offshore FADs tend to concentrate some baitfish, although the
main aggregations are tunas and other larger pelagics (“mahi-mahi”,
wahoo, tainbow runner, etc.). Trolling the surface schools of tunas is the
most common fishing method employed throughout the Pacific, especially
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ac first and last light (believed to be the main feeding and aggregating
cime around che FADs). The size of the tunas caught is generally less
than 10 kilogrammes. Traditional trolling or Polynesian pole-trolling
use pearl-shell lures attached to a long bamboo pole iz a length on line.
This has given way to the more modern rod-and-reel or rigid crolling
lines using monofilament Nylon, synthetic or vynal lures and metal
hooks. A description of different trolling techniques used in the Paci-
fic, including FAD trolling, can be found in Prescon er al. (1987).
Midwater fishing techniques as described in Moarii & Leproux (1996),
Preston et 2/, (1998), or Chapman (2000) are mainly used in the Poly-
nesian countries in the region (French Polynesia, Cook Islands, Tuvalu,
Kiribati, Niue and Tokelau). These methods target the larger tunas
(over 10 kg) that aggregate at depth around many moored FADs and
traditional “tuna holes”. The traditional drop-stone method uses a
monofilament handline and baited hook. The baited hook and some
chum are bound to a flat stone with the monofilament handline and
secured wich a slipknot. The stone is then dropped over and allowed to
sink to the desired depth where the line is held and jerked to release the
slipknot. The stone then unwraps from the line and sinks to the bot-
tom, leaving the baited hook and chum at the desired fishing depch.
A Hawaiian version of this method called “palu-ahi” is also used. This
method replaces the stone with a lead weight and cloth which remains
attached to the line, with the gear used in a similar manner to the
drop-stene method (Chapman, 2000).

Vertical longlining is also used around moored FADs to fish for the larger
tunas in the water column by presenting baited hooks at a range of depths
(usually 10-20 m apart) from the surface to depths of over 400 metres.
Using this and other midwater techniques does not result in large
numbers of fish being caught, although the weight per fish usually
makes up for che lower numbers taken. Again, these mechods are very
selective and apart from sharks, all fish taken can be sold or eaten locally.
These fishing methods, especially trolling, are also used by recreational
fishermen, sport fishermen and charter fishing operations around moored
FADs. These sectors are growing as more people have money to purchase
vessels for fishing, and FADs provide a logical place to go to maximize
the chance of catching fish.

Boat type, fleet size, technology impact, and vessel operation

Industrial sector

The purse seine fleet that operared in the statistical area of cthe SPC in 1998
consisted of 152 distant water vessels from five countries (America,
Taiwan, Japan, Korea and cthe Philippines), with an additional 30 vessels
locally-based from five (Papua New Guinea, Federated States of Micro-
nesia, Vanuatu, Solomon Islands and Kiribati) of the 16 member
countries of the Forum Fisheries Agency (FFA). It is estimated that the
total purse seine catch of tuna landed from the WCP was 886,500 mt
in 1998 (Cartwright, 1999). From the purse seine catch in 1998,
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provisional estimate show that 363,390 t came [rom log sets, 120,051 ¢
from drifting FAD sets, and 33,259 t came from moored FAD sets.
Figure 6 presents the estimated annual purse seine catch in the WCP
for log, drifting FAD, and moored FAD sets (source: SPC database).
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Estimated annual purse
seine catch for log, drifting
FAD, and moored FAD sets
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Fisheries Programme; 1998
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The purse seine fleet is mainly made up of vessels in the 60-70 m range
with a gross registered tonnage (GRT) of 1,000-1,550 t (carrying capa-
city of 800-1,200 ¢t of frozen tuna). Only a couple of vessels are over
70 m in length, while the smallest purse seiner on the FFA regional
register in 1998 was 36 m with a GRT of 443 rons. These vessels usually
stay at sea until che fish hold is full and then they may travel to a can-
nery to unload, tranship through shore facilities to a cannery of their
choice or tranship to a carrier vessel in the region they are fishing. In
many cases, the purse seiners will stay at sea for months at a time,
fishing and transhipping the catch as they follow the fish across the WCP.
Many of the larger purse seiners have helicopters to assist in locating
free-swimming schools of tunas, and to a lesser extent, logs and FADs.
Table 4 summarises the percentage of sets by set type for the purse seine
fleet in the WCP. This table shows that the fishing practice has changed
dramatically in 1999 for the US purse seine fleet (the largest users of
helicopters) as this fleet has moved away from fishing free-swimming
schools (46.9% in 1998 down to 5.8% in 1999) and concentrated more
of drifting TAD sets (23.2% in 1998 up to 86.1% in 1999). The changes
in fishing practice for other fleets do not appear to be as marked,
although the Japanese fleet has changed in a similar fashion to the US
fleet (source: SPC database).

When fishing drifting FADs, a purse seiner will usually drift by it in the
afternoon and use both echo-sounder and sonar to locate the aggregated
fish to assess the size of the aggregation (tonnage). If the aggregation
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is small, the vessel may move to another FAD. If the aggregation is
considered large enough, then the vessel makes ready as described in
the previous section for a pre-dawn set.

Table 4 - Percentage of sets by set type for purse seine operations in the WCP (source: SPC database).
“Others” comprises purse seiners from Korea, Taiwan and Pacific Island countries.

Japan USA Others

Year Free ' Log : Drift.- Aach: - Free  Log:" Drift, Anch. Free Log Drift. Anch.

swim. FAD . FAD swim. FAD . FAD - swim. FAD -~ FAD
1988 35,3 59,6 0,3 0,0 78,1 21,0 0,4 0,0 14,9 52,3 125 115
1989 41,4 54,2 0,8 0,0 79,2 20,1 0,1 0,0 20,9 54,4 12,5 9,3
1990 38,9 54,2 0,4 0,0 81,4 18,1 0,1 0,0 13,9 624 133 9,0
1991 53,7 37,1 0,8 0,0 91,7 7,7 0,0 0,0 18,3 57,9 133 7,7
1992 48,8 422 2,5 0,0 76,8 22,5 0,1 0,0 33,5 51,4 6,7 6,3
1993 54,5 38,1 0,5 0,0 71,5 27,9 0,0 0,0 49,2 40,8 5,0 2,3
1994 42,8 50,7 0,8 0,0 84,5 14,6 0,0 0,0 45,2 48,6 29 1,4
1995 50,7 40,6 1,6 0,0 77,9 21,1 0,5 0,0 54,5 37,4 3,3 3,6

)

1996 43,6 47,8 1,4 0,0 55,7 12,9 30,4 0,0 51,0 39,0 5,9 36

1997 36,7 33,5 4,6 0,0 43,6 27,1 292 0,0 474 3453 78 96
1998 42,1 404 9,1 0,0 46,9 295 232 0,0 57,8 24,1 94 8,0
1999 28,4 30,7 34,1 0,0 5,8 7,9 861 0,0 46,7 254 180 9.2

Very little of the purse seine catch in the WCP comes from moored FADs
(tab. 4). Only two countries in the Pacific region have purse seining
operations using moored FADs at present, Papua New Guinea (joint
venture between PNG and Filipino companies, with Filipino vessels)
and the Solomon Islands. In these two countries, the government has left
FAD development and deployment to the industrial sector. These fishing
operations rely almost entirely on the moored FADs to aggregate and hold
fish close to the bases where the catch will be unloaded, rather than
having the catching vessels to follow the tunas as they move across the
WCP. In addition, during the mid-1980s, two New Zealand purse seinets
fished in the EEZ of Fiji almost exclusively secting on a large necwork
of anchored FADs (Bailey er #/., 1996). In each of these cases, the fish has
been landed in-country to local tuna canneries for processing.
Pole-and-line fishing operations have reduced over the last two decades
as a result of high operating cost compared to the value of the landed
catch. Japan in 1998 had a total of 44 pole-and-line vessels on the FFA
regional register as vessels working in the WCP. These vessels ranged
from 25-66 m in length (76-721 GRT), with most vessels in the 50-
55 m range (350-499 GRT). In 1997, the Japanese poling catch of tuna
from the WCP was around 40,000 t (Carcwright, 1999).

The Solomon Islands are the only Pacific country with a significant pole-
and-line fleet. There are 27 pole-vessels, owned and operated by two
companies. The vessels range from 21-29 m length (50-80 GRT) wich
two vessels around 36 metres. The pole fishery relies heavily on the
moored FADs set by the two companies for their catch. In 1998, around
22,200 t of tuna were taken by this pole fleet (Cartwright, 1999) and
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Figure 7

“Poti-marara”; type of vessel
used in French Polynesia
and the Cook Islands.

Session 1 - Synthéses régionales

it is estimated that 60-70 per cent of this catch came (rom moored
FADs (Sibisopere, 2000), wich the rest coming from free-swimming
schools and schools associated with drifting logs.

Pole-and-line operations are very intensive labour and require daily
access to baiting grounds (baiting done at night using light actraction and
a “bouke-ami” net) to catch the live bait needed for the fishing operation.
Fishing operations commence before dawn, when the pole vessels head
from the baiting ground to the FADs. Good navigational equipment is
required for locating the more offshore FADs, especially in the morning
cwilighe. When not fishing FADs, some pole vessels are ficted with
“bird radat” to locate small patches of seabirds that may be associated
with feeding tuna schools.

Artisanal sector

It is difficult to place a value on vessel numbers and vessel types when
looking at the artisanal fisheries in the region that work around moored
FADs, due to their diversity by location. The main common factor is
that trolling activities are undertaken mainly at daybreak and late after-
noon. The vessels normally return to port midmorning or in the evening
to unload the catch for sale. Alcernatively, midwater fishing activities
can be undertaken at any time during daylight hours, with some trolling
vessels conducting midwater fishing activities around the FADs before
they return to port. Vessels involved in this fishery are generally low-
technology vessels, equipped with a compass, possibly a GPS, and a radio.
This also holds true for many recreational fishermen, sport fishermen
and charter operators.

It is difficult to come up with any specific vessel designs and numbers
for the region as a whole. Therefore, a few examples of specific vessels

and possible locations are provided as a sample of the large variety of
craft used.

In Tahiti, French Polynesia, Leproux (1998) estimated that in 1996
there were around 900 small-scale vessels that worked the 21 moored
FADs for varying amounts of time. The 900 vessels were split into three
groups with 200 commercial “poti-marara” (5-7 m outboard-powered
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Figure 8
Canoe from Kiribati fitted
with a small outboard.

Figure 9

Samoan “alia” catamaran
used for trolling around
FADs.
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boats built locally; fig. 7), 200 recreational and semi-commercial “poti-
marara”, and 500 recreational vessels of varying construction. The Cook
Islands also use the “poti-marara”-style vessel, although the numbers
are much less than in French Polynesia.

Traditional and modified canoes are used in many locations (Niue,
Nauru, Kiribati, Tuvalu, Tokelau) for tuna fishing around FADs. These
canoe designs vary considerably from country to country, although
most incorporate an outrigger for stability. Some of these canoes now
have small outboard engines fitted, so that the fisherman does not have
to paddle (fig. 8). These canoes range from 4 t0 9.5 m length, with many
made from sawn timber and plywood.

=2

A range of 4 to 8.5 m fibreglass, aluminium and timber (including ply-
wood) skiffs, dinghies and dories are also used throughout the region
in varying numbers by location. In some locations, larger fibreglass
vessels (8.5-14 m) are found, mainly associated with sport fishing and
charter fishing operations. The “alia” catamaran developed in Samoa
(fig. 9) has also been used for FAD fishing in several countries in the
region, although most of its work has been in Samoa and American
Samoa.
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Impact in terms of catches, markets and supply

The vast majority of the tuna catch in the WCP region is taken by the
industrial sector, mainly purse seining, wich very licele of this catch
coming from moored FADs, Therefore, the overall picture of tuna cacches
in cthe region is presented here, with more specific information on
catches from moored FADs presented where available.

Industrial sector

The catch from the industrial putse seine and pole-and-line fisheries is
primarily frozen on board the catching vessels, wich the vast majority
of it sold to canneries around the world. The price paid is a “world price”
and it fluctuates greatly based on supply and demand. For instance, good
fishing in the WCP, Indian and Atlantic Oceans at the end of 1998
pushed prices down from a nine-month average of around US§$ 1,050/t
to around US$ 550/t (Carcwright, 1999). Such fluctuations place the
burden back on the fishermen who have to make ends meet. This has
also actributed to the ageing of the purse seine fleets in che Pacific as
people or companies are reluctant to increase investments in a fishery
that may cost them if prices are low. In the case of pole-and-line vessels,
fluctuating purchase price for tuna greatly contributed to the reduction
in vessel numbers and the ageing of the fleet that remains.

Many canneries have a minimum size for tunas of around 1.8 kg (4.01b),
as fish below this size increase the cost per kilogramme in the canning
process. As a disincentive to fishermen, the canneries usually pay a much
lower price for fish below this size, which in some cases leads to sorting
and discarding of these fish at sea by the operators.

By-catch taken in purse seine fishing operations is usually discarded
at sea with some retained by the crew for their own consumption, as
many canneries do not want to purchase many of the by-catch species
and the purchase price is generally low as a disincentive. Additional-
ly, in many countries where industrial vessels unload their catch, either
to canneries or for transhipment, local regulations forbid the sale of fish
by these vessels on the local market (as protection for local operators in
many cases).

At the tuna cannery in the Solomon Islands, the annual throughput of
raw material is around 20,000 ¢, with 60 or 70 per cent of this fish coming
from FAD fishing. Of this, 75 per cent are used in canning whilst che
other 25 per cent are cooked and hot-smoked to make arabushi (heavily
smoked tuna loins) for export to Japan. Mainly pole-caught tuna are
used to make arabushi in the Solomon Islands, with other pole-caught
tuna shipped frozen to Japan for processing to arabushi and then kat-
subushi. The market for arabushi seems to be stable although any large
increase in production may affect chis.

Artisanal sector

Just about all tunas caught by artisanal fishermen from moored FADs
are sold locally on domestic markets as fresh fish. In most cases, the fish
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is sold directly to the public by the fisherman or family members.
Supply is generally seasonal and therefore supply and demand during
the main fishing season may force the price down. Most fishermen will
drop their price to sell the catch when chere is a lot of fish for sale, or
it is the end of the day, as they do not have the facilities to freeze and
store excess catch for marketing ac ocher times of the year.

In more specific situations, like in Rarotonga in the Cool Islands, the
demand for fish far exceeds the supply, even during the main tuna
season. This means chat the price of fish is high compared to other
imported protein sources. In Niue, a different situation exists as most
people catch their own fish and there is only a small local market for
fish sales.

Economic impact

Industrial sector

In the industrial sector, the cost of FADs has been included in the
overall cost of fishing operations. Anecdotal information indicates that
the value of the catch from only one good set on a FAD by a purse seiner
(after operating and marketing costs ate deducted), is enough to cover
the cost of the FAD. Therefore, additional sets on the same FAD over
time should increase the profitability of the operation, or may cover the
cost of FADs, which are lost before being fished. For pole-and-line
operations, the main cost savings are in the lower operating costs (do
not have to search for fish, just go from one FAD to another), and the
greater chance of locating and catching fish (and good catches). The
bottom line in the industrial sector is that if the use of FADs was not
cost effective they would stop using them.

Artisanal sector

There is plenty of anecdotal information around to support the benefits
of FADs to artisanal fishing operations. However, it is difficult to measure
the economic impact of FADs in the artisanal sector in real terms, as
limited hard data has been collected.

In the Cook Islands, Sims (1988) conducted a one-year creel census of
the artisanal offshore fishery off Rarotonga, in an effort to investigate
the cost-benefit of FADs. Catches were recorded with volume and value
of landings for different categories of fishing including FAD fishing.
Trolling around FADs was found to be US$ 0.48 per line-hour more
productive chan trolling elsewhere, with increased landing valued at
US$ 5,460. Landings from midwater fishing around FADs were worth
US$ 13,780. The three FADs off Rarotonga were only in operation for
46 per cent of the survey year, yet still produced a 312 per cent return
on expenditure (Sims, 1988).

Research in American Samoa in the early 1980s produced a slightly
different result to that of the Cook Islands. Tn this case, trolling catches
from FADs were compared to catches from open water and to catches
from offshore banks. Buckley e /. (1988) reported that the best catches
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were achieved from the offshore banks at 31.0 kg per hour, followed
by FADs with a catch rate of 21.0 kg per hour, with crolling in open
water producing a catch rate of 5.8 kg per hour. It was also noted in
Buckley er «l. (1988) that the size of the yellowfin tuna and skipjack
tuna caughe around FADs was smaller chan ia che other locacions.
Data was collected from the Daugo Island fishermen off Port Moresby,
following che deployment of a FAD in August 1992, approximately
5.5 nautical miles off the island. For the period January to March 1993,
the average fishing time per day around the FAD was 6.4 hours, resulting
in an average catch of 56 fish for a weight of 119 kg (Beverly & Cusack,
1993). This catch had a value of US$ 184.00 wich the fuel usage of
40 litres (estimated cost of US$ 17.00). The total catch in this three-
month period was 2,622 kg, with a value of US$ 6,610 (Beverly &
Cusack, 1993). The handful of fishermen involved in this fishery were
reporting a good profit from their FAD fishing activities.

In French Polynesia, Depoutot (1987) looked at the domestic surface
pole-and-line “bonitier” fishery and the catch difference between FAD
and non-FAD fishing activities. The results indicaced that FAD fishing
provided a 33 per cent increase in catch. Another study conducted in
French Polynesia by Josse (1992), compared catch rates from “poti-
marara” vessels when FAD and non-FAD fishing activities were under-
taken. The results showed that for non-FAD fishing, the catch rates
were 5.0 kg/hour for surface fishing (65% “mahi-mahi”, 25% tunas,
10% others) and 2.7 kg/hour for drop-stone fishing (midwater hand-
lining) in tuna holes (98% albacore and yellowfin tuna). FAD fishing
produced a catch rate of 9.2 kg/hour (95% albacore and yellowfin tuna),
much higher that the non-FAD fishing catch rates.

Some analysis of fishing around two FADs off Suva in Fiji has been
reported in Anderson & Gates (1996). Prior to the deployment of the
two FADs in late 1991, the average annual catch of tunas was 154 ¢
from 1983 to 1991. In 1992 and 1993, this catch increased to 240 and
260 ¢ respectively. Good catches of larger runas, up to 80 kg, were also
reported from these FADs by five small-scale vessels. After changes in
handling practices and the use of ice, the value of these large fish to the
fishermen increased from US$ 2.00/kg to US§ 5.00/kg as they were
exported. In the Suva fish market, the FAD fishery contributed a signi-
ficant quantity of fish to the overall total, especially early in the week
when there were more FAD-caught fish for sale than reef fish (Anderson
& Gates, 1996).

A study by Cillauren (1990) was conducted off Efate, Vanuatu, on the
economic viability of fishing around FADs. The results indicated a croll
fishery around the FADs was not viable due mainly to the high running
costs through travel time to and from the FADs (two hours in each
direction), with only a very small profit made per trip. If parameters
like a reduction in fuel cost or an increase in efficiency of fishing effort
were to occur, then this would change the economics of fishing operations,
and profits increased.
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More recently, SPC assisted the Nauru Fisheries and Marine Resources
Authority (NFMRA) to deploy several FADs in 2,600 m of water (around
3.5 nautical miles off the coast). NFMRA as part of their programme
implements a daca collection system and during che first three months
of data collection, over 24,500 kg of tuna was taken from the three FADs,
with most of the cacch from one FAD (Capture Section, 1997). If the
fish were sold for an average price of US$ 2.60/kg, then the landed
value of the catch would be just under US$ 65,000. Just prior to the
*AD deployments there was a fish shortage on Nauru, which was allevia-
ted by deployment of the FADs. Unfortunately, the most productive
FAD was lost after four months and the landings greatly reduced.

Review of capacities and activities

Catch monitoring
Monitoring of the industrial catch of tunas by purse seine and pole-

and-line is mainly done through log books, which vessel skippers ate
required to complete under different fishing agreements or government
regulations. This data is collected by the member countries and terri-
tories of the SPC, with SPC itself being the repository for this data. SPC
has all of this data keyed into a database and uses the data in regional
stock assessments for skipjack, yellowfin and bigeye tunas.

In addition to the log book data, both regional and national (some coun-
tries) observer programmes have been established to validate the log
book data, provide information on changing fishing practices and col-
lect other additional data and biological samples as needed. Also, a
vessel monitoring system (VMS) is currently being implemented in the
region to better validate the actual fishing location of vessels.
Wherever possible, fishermen from the industrial sector are being
encouraged to divide their fishing operation into fishing locations.
That means for purse seine sets, whether the set was on a log, drifting
FAD, moored FAD, free-swimming school, etc. Observer data is already
split in this fashion, however, this is only a small fraction of the actual
data for the tuna fishery in the Pacific at present. It is hoped that fisher-
men will soon supply more specific data to assist in dividing the catch
by situation.

Unfortunately, monitoring of the cacch from artisanal fishermen fishing
around FADs has been minimal to non-exiscent throughout the region.
In New Caledonia, a log book system is in place; however, the infor-
mation is not specific enough. In Vanuartu, a catch return system was
introduced to qualify fishermen for duty-free fuel. In this case, there was
no validation of the data and it was fele that people were completing
catch recurns with erroneous data just to get the duty-free fuel. In the
Cook Islands a different approach is used, with anecdotal information
collected from fishermen on Friday afternoons in a social situation. In
most other countries and territories in the region, no formal recording
of data is required.
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FAD maintenance

The industrial sector tends to use basic low-cost materials wherever
possible in che construction of their mooted FADs. This approach allows
the companies to recoup costs quickly (one set by a purse seiner), which
makes the FADs an “expendable” item. The one part chat is maintai-
ned or changed from time to time is the FAD raflt and its appendages
(if used). This is usually a very low-cost component that is attached to
the FAD mooring buoy.

Artisanal sector FADs are generally set by the Fisheries Department in
the country, as in most cases they are considered as a “community”
item. Some countries do regularly maintain the FAD buoy, appendages
if used, and upper hardware (Guam, French Polynesia, Niue, Cook
Islands, New Caledonia), although the time between maintenance visits
fluctuates (2 weeks to 2 months). FADs are usually inspected visually,
through diving. Quite often weather and sea conditions greatly influence
when maintenance trips are undertaken.

Institutional integration, regulations and arrangements, fishery policy,
monitoring of access and dispute management

The setting of FADs by the industrial sector only occurs in two countries
in the region at present, Papua New Guinea and the Solomon Islands.
In both cases, new government requirements are being implemented
to better manage where FADs are set and the procedures. In Papua New
Guinea, the government has moved towards managing the numbers of
FADs being set, with additional requitements covering identification
markings, the use of radar-reflectors and the provision of positions to
the Fisheries Department. There is concetn over the possible interaction
of FADs on the expanding domestic tuna longline fleet’s operation,
although it is unclear at present how this will be addressed.

Under the new Solomon Islands National Tuna Management and Deve-
lopment Plan (the Plan; Solomon Islands Government, 1999), a register
is being established to record all FAD deployments (moored and drifting)
and losses. Operators need to let the Fisheries Division and Marine
Division know of intent to deploy FADs, and once deployed, the number
and position of each device. The Marine Division then publishes the
position of all FADs for maritime safety. Companies are required to
report evety three months with an updated list of FADs and their positions
plus any FAD losses.

In the case of the Solomon Islands, moored FADs need to be clearly
marked with the owner’s identification and be fitted with a radar-
reflector or reflecting tape. The Plan covers who can set FADs and any
restrictions that apply based on the fishing licenses being held by a com-
pany. The Plan also looks at the possibility of future restrictions on
the number of FADs to be set and the distance between FADs, although
no restrictions apply at present. In addition, the Plan specifies an
exclusion zone of five nautical miles around inshore FADs, where only
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the company who deployed che FAD can operate. It is unclear if this
exclusion zone applies to artisanal operators. Areas that the Plan does not
address include the monitoring of access around FADs and a mechanism
to resolve disputes.

The requirements for setting FADs for the arcisanal sector, and the
Government Departments involved, change from country co country.
The Fisheries Department in most cases takes the primary role, although
it may choose, or be required, to consult with local fishermen or other
departments. In countries like Guam and American Samoa, the Fisheries
Department works wich the Coast Guards to select suitable sites and
these are generally restricted in number. In other locations, the Fisheties
Department may consult with the Marine Department to ensure that
FADs are located outside shipping lanes, or with local fishermen to
gain advice on areas where tuna tend to congregate.

Some countries have regulations in place to prevent fishermen from tying
fishing gear ot their vessel to FADs. Other countries have “gentlemen’s agree-
ments” between the fishermen regarding the fishing operations around
FADs. In some locations like the Cook Islands, troll fishermen feel that mid-
water fishing takes the fish away from the surface, which chey believe
affects their trolling catch. Vandalism has also been a problem in some
countries in the past, and regulations are in place to cover this. The pro-
blem here is that there is no monitoring or policing, which makes it
almost impossible to detect and prosecute offenders. Likewise, there is no
mechanism in place to resolve disputes should they arise.

FADs, cost recovery and fostering ownership

In the industrial sector, all costs for the FADs are covered by the sector,
although it is unclear about actual ownership or exclusive fishing rights.
As stated in the previous section, the Solomon Islands have imple-
mented a five-nautical-mile exclusion zone around company FADs.
However, how is this to be monitored and enforced and does this apply
to just the industrial sector or does it include che artisanal sector?
Fisheries Departments around the region have looked at cost recovery
from the users of FADs as a way to assist in the funding of ongoing FAD
programmes for the artisanal sector. In two countries, Vanuatu and the
Cook Islands, this approach has been taken on board informally, with
a portion of the cost of FADs being borne by the users. In Vanuatu, one
commercial operator and the charter fishing operators have contributed
financially to the cost of several FADs, plus they have assisted with
the construction and deployment. In the Cook Islands, the Fisheries
Department is recovering around 15 per cent of the cost of FADs from
the commercial fishermen in the first instance.

In all cases, the FADs deployed by Fisheries Department for the artisanal
sector remain community propercy, that is, there is no ownership and
all people have equal rights to fish around them. The question here is
whether or not vessels from the industrial sector can fish around FADs
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deployed for the artisanal sector, which was the case in Fiji for pole-
and-line fishing operations in the 1980s. Apare from the Solomon
Islands where it is not clear, no private citizen can set their own moored
FADs. Some countries have considered allowing fishermen to deploy FADs
to cut costs for the government, although in these considerations it
has been clear that they would not have exclusive fishing rights, they
would have to allow everyone access to the FAD.

Overall chere is an ongoing debate regarding the allocation of exclu-
sive fishing rights based on having a FAD. If applied in the case of the
Solomon Islands, a company could set a large number of FADs spacing
them 10 nautical miles apart and effectively annex off a large section
of fishing area for there exclusive use. From the induserial sectot’s point
of view, this is probably preferable as it keeps other companies out.
However, from an artisanal fisherman’s point of view, such an approach
could be devastating to small-scale fishing operations.

Conclusion

There are many conclusions that can be drawn from this synchesis. The
most important of these is that FADs do work in regard to attracting
tuna and other species, both in the industrial and artisanal sectors.
However, much of the information regarding the artisanal sector, in
support of FADs and their success, is anecdotal. There is a real shortage
of accurate, documented evidence or data, not just on catches, but also
on the economic benefits of FADs.

Success of anchored FADs in the artisanal sector is also very hard to
determine due to the diverse nature of the programmes run in the
region by different countries. In some countries where there would
appear to be a real need for moored FADs, programmes are intermittent
due to funding constraints, while in other countries the opposite may
apply.

In the industrial sector, data is much more available and it is being
refined all the time to break down cacches by area and type of fishing
operation. In regard to the success of FADs in this sector, companies would
not continue using them unless they were economically viable. One
important fact for the operations in Papua New Guinea and the Solo-
mon Islands is that the use of FADs has allowed the companies to fish
year-round in specific locations close to their fishing base (or marketing
base) so that vessels do not have to follow tunas as they move around
the WCP. This has greatly reduced operating costs for the vessels,
especially pole-and-line fishing operations, thus adding to the viability
of this fishing style in the Solomon Islands. It also assists the shore
facilities to have a steady supply of raw materials year-round.

Some of the issues that are yet to be resolved include: increasing the
lifespan of PADs whilst keeping costs to a minimum; ownership of
FADs and who can fish around them; ongoing funding for artisanal
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BAD programmes including cost recovery from the users (or the user
pays principle); dispute resolution; how to monitor fishing activity;
and how to collect better catch data and data for cost-benefit analysis.
Addressing chese issues will allow a better understanding of che true value
of these devices to fishing operations, both industrial and artisanal.
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Absrat

Payao is a traditional concept, which has been successfully commercialized
ro increase the landings of several species valuable to the country's
export and local industries. It has become one of the most important
developments in pelagic fishing that significantly contributed to
incteased tuna production and expansion of purse seine and other fishing
gears. The introduction of the payao in tuna fishing in 1975 triggered
the rapid development of the tuna and small pelagic fishery. With
limited management schemes and strategies, however, unstable tuna
and tuna-like species production was experienced in the 1980s and
1990s.

In this paper, the evolution and development of the payao with emphasis
on the technological aspect are reviewed. The present practices and
techniques of payao in various parts of the country, including its
structure, ownership, distribution, and fishing operations are discussed.
Monitoring results of purse seine/ringnet operations including handline
using payao in Celebes Sea and Western Luzon are presented to compare
fishing styles and techniques, payao designs and species caught. The
fishing gears in various regions of the country for harvesting payao are
enumerated and discussed. The inshore and offshore payaos in terms
of sea depth, location, designs, fishing methods and catch composi-
tion are also compared. Fishing companies and fisherfolk associations
involved in payao operation are presented to determine extent of uti-
lization and involvement in the municipal and commercial sectors of
the fishing industry. The issues and problems concerning the use of payao,
and its biological, economic impact as well as management aspect are
presented. Recommendations are given for future research and actions.

Introduction

Location

The Philippines are an archipelago composed of more than 7,000 islands
bounded on the east by the Pacific Ocean, on the west by the South
China Sea, in the south by the Celebes Sea and Bornean waters and in the
north by Taiwan (fig. 1). The territorial waters as defined in the 1898
Treaty of Paris had an area of about 1,666,000 squate kilometres (sq. km).

141


mailto:bfarnmfd@info.com.ph

Figure 1
Philippine territorial waters.
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With the promulgation of the Exclusive Economic Zone and the Unclos,
the territorial marine area increased to 2,200,000 square kilometres.
The coastal and oceanic areas are 266,000 sq. km and 1,934,000 sq. km,
respectively. The coastline is 17,460 km while the shelf area (up to
200 m deep) is 184,600 sq. km (BFAR, 1998).
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Fisheries sector

The fisheries industry is classified into commercial, municipal and aqua-
culture fisheries. Commercial fisheries include capture fishing operations
using vessels of over 3 gross tons while municipal fisheries include
capture using boats of 3 gross tons or less including other forms of
fishing not involving the use of water craft. Aquaculture involves fish
culture activities in matine and inland waters.

Out of the 940,533 mt commercial production in 1998, the major
species caught were roundscad and Indian sardines contributing 22.2%
and 17.4%, respectively. West Palawan waters, South Sulu Sea and
Visayan Sea produced about 54.69% of the total commercial production.
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There were 3,216 registerecd commercial boats with Regions [V, XI, VI
and IX having the most number. The major species caught by the
marine municipal sector are frigate tuna and fimbriated sardines concri-
buting 12.8% of the 891,146 mt catch in 1998. Visayan Sea, Moro Gulf
and Bast Sulu Sea shared respectively 11.28%, 9.41% and 9.10% of
the catch. In the latest census of 1983, there were 464,395 log sets with
Regions IX, IV, V, and VII having the most registered number.

Fish production

In 1998, the total fish production was 2,791,163 me, of which 33.7%
came from the commercial fisheries, 31.9% from the municipal fisheries,
and 34.4% from the aquaculture sector (tab. 1).

Table 1 - Total fish production by sector, 1998.

Sector Quantity (int) % Value in %
billion pesos
Aquaculture 959484 34.4 25.9 30.6
Municipal fisheries 891146 31.9 29.0 34.3
Commercial fisheries 940533 33.7 29.7 35.1
Tocal 2791163 100.0 84.6 100.0

Source: BFAR, 1998.

The Philippines’ fish production comes from fifteen different regions.
(tab. 2). The highest productions are found in Regions IV, IX, XI, VI,
and ARMM. However, in Region IV, the production is not based totally
from various fishing grounds productivity but on fish landed in che
biggest fishport in Navotas, Rizal.

Table 2 - Fish production, by sector and region, 1998 (in tons).

Region Total = Commercial:* Municipal Aquaculture = % share

to total
CAR 1145 0 258 887 0,04
I 43892 1963 23553 18376 1,57
T 23870 8413 13473 1984 0,86
I 112732 10383 11656 90693 4,04
v 811924 330405 262091 219428 29,09
v 113317 23883 73058 16376 4,06
VI 308840 112824 127284 68732 11,06
VII 135506 62446 41273 31787 4,85
VIII 69058 28733 36026 4299 2,47
IX 418974 188289 113670 117015 15,01
X 37960 19590 16220 2150 1,36
XI 167182 104581 47101 15500 5,99
XII 27583 9637 9976 7970 0,99
X1 69199 4669 61359 3171 2,48
ARMM 449981 34717 54148 361116 16,12
Total 2791163 940533 891146 959484 100,00

Source: BFAR, 1998.
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Tuna resources

The tuna fishery is one of the most important marine fisheries in terms
of volume and value of landings. In 1997, tuna contributed about
121,090 ¢ from the municipal sector and 191,416 ¢ from the com-
mercial sector. In 1998, tuna in fresh/chilled/frozen, smoked and canned
forms topped the fish exports to 99,461 ¢ for about US$ 204,703,000.00
(FOB value) or 7.9 billion pesos. The major destinations were Japan,
Thailand, USA, South Africa, etc. (BFAR, 1998).

The local tuna fishery consists of six major species, namely; the yellowfin
(Thunnus albacares), skipjack (Katsmwonns pelamis), bigeye cuna (Thun-
nus obesus), bullet tuna (Awxis rocher), eastern little tuna or “kawa-kawa”
(Euthynnus affinis), and frigate cuana (Awxis thazard). It is also classified
into inshore or limited-range species and oceanic-highly migracory
species. Most of the tuna catch is detrived from small-scale fishing using
handlines and gillnecs and commercial scale ringnetting and purse
seining in conjunction with payaos. Tuna are found throughout the
archipelago at different sizes but fishing activities are concentrated in Moro
Gulf, Davao Gulf, Celebes Sea, Sulu Sea, east coast of Samar and Western
Luzon. One of the traditional fishing ground is the “Dangerous Grounds”
of the Central South China Sea where purse seiners operate during the
summer months.

Under the Philippine Tuna Research Project (1992-1995), catches by
gears used for tuna fishing from 18 landing sites were monitored for a
period of 18 months. It indicates a total of 14 tuna and tuna-like species
of the family Scombridae (tab. 3).

There are 21 tuna species recorded in the Philippines, four belong to
the large tunas (yellowfin, bigeye, albacore and skipjack): six species
to the small cunas (frigate, bullet, “kawa-kawa”, longtail, bonito and
Indian mackerel) and three to the seerfishes (Spanish mackerel, dog-
tooth tuna and shark mackerel). Other catches include the families;
Istiophoridae (billfishes such as marlins), Coryphaenidae (dolphin-
fishes), Carangidae (jacks and travalles), Balistidae (criggerfishes), Car-
charhinidae (sharks), Clupeidae (sardines), Engraulidae (anchovies) and
the Loligo spp. (squid). Fishing gears monitored include at least ten dif-
ferent types which have been classified as major gears (purse seine, rin-
gnet and handline) and minor gears (bagnet, gillnet, mini-longline, troll
line, multiple handline and fish corral (tab. 4).

144



Table 3 - Catch composition of tuna fishing gears.

Session 1 - Regional syntheses

Scientific narme Common name Local name Code
A. Scombridae Tunas and Mackerels Tangigue and Bariles
1. Tunas and Bonitos Tuna and tuna-like
Thunnus albacerres Yellowfin Bariles YFT
Thunius obesus Bigeye Buldog BET
Thunnus tongo! Longtail LOT
Thunnus alalinga Albacore Albakora ALB
Sattsiwonus pelcimis Skipjack Tambakol SKJ
Enthynuns affinis Kawa-kawa Katchorita KAW
Auxis rochei Bullet tuna Tulingan BLT
Aunxis thazard Frigace tuna Tulingan FRI
Sarda orientalis Striped bonito
Rastrelliger brachysoma Short mackerel Hasa-hasa RAS
Rastrelliger kanaguria Indian mackerel Alumahan RAS
2. Seerfishes
Scomberonorus conmerson Barred Spanish mackerel Tanguigui SEE
Gymnosarda unicolor Dog-tooth tuna Tanguigui COM
Grammatorcynus bicarinatis Shark mackerel Tanguigui bato
B. Istiophoridae Billfishes BIL
Makaira mazara Indo-Pacific blue marlin Malasugui BLE
M, indica Black marlin Malasugui BLK
C. Coryphaenidae Dolphinfishes
Coryphaena bippurus Dolphinfish Dorado DLE
D. Carangidae Jacks and Travalles Talakitok/kabalyas
Decapterus spp. Roundscad Galunggong RSC
Elagatis bipimnula Rainbow runner Salmon RRU
E. Others OTH
Carcharhinidae Shark Pating SHK
Dasyatidae Stingray Pagi STR
Mobulidae Manta ray Salanga MAN
Sphyraenidae Barracuda Torsillo BAR
Balistidae Triggerfish Papakol TRI
Carangidae Jack Talakitok CAR
Clupeidae Sardine/Herring Tamban SAR
Engraulidae Anchovy Dilis ANC
Loligo spp. Squid Pusit SQD

Source: Philippine Tuna Research Project {1992-1994).
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Table 4 - Landing (t) of different gears used for tuna fishing at the 19 landing sites monitored
by PTRP* in 1993,

Major Gears

Minor Gears

Landing Handline Putse Ringner Bagner  Drife - Mini Troll  Multiple Gillnee Fish: -~ Total
Sites seine gillner longline line  handline corral
Zambales
Matalvis 1468.5 389.0 1857.5
Masinloc 538.7 538.7
Matain 87.7 0.8 88.5
Subic 504.7 7.6 33.5 0.1 545.9
Quezon 0.2 0.2
Atimonan 231.0 9.7 78.4 775 9,8 406.4
Palawan
Pier 354.9 354.9
Liberty 87.6 87.6
Quito 0.3 15.7 16.0
Tandag, Surigao
Kalipayan 3223 3223
Santan 353.4 3534
Zamboanga City
Labuan 29 223.0 253.2 11.3 6.6 497.0
Baliwasan 634.3 634.3
Rio Hondo 119.5 119.5
Lig Marine 7328.9 7328.9
Permex 4041.2 4041.2
Pagadian City
Sta. Lucia 702.4 16.2 27.0 745.6
Tukuran 243 42217 4.4 42504
Gen. Santos City
Lion Beach 6456.5 6456.5
Calumpang 11615.2 14813.1 26428.3
Total 97859 28692.8 16193.0 1045 2532 157 113 6.6 9.8 03 55073.1
* PTRP: Pilippine Tuna Research Project.

The payao

Features

Payao is a Fish Aggregating Device being used by the artisanal/small-
scale and industrial Filipino fishermen. It is used mainly to attract
free-schooling tunas and small pelagics (sardines, scad, mackerel, etc.).
It consists of four functional parts: the floating, anchoring, mooring and
the attractant sections. It is distinguished from one another through
the materials being used in the floating section and distance of instal-
lation. The selection for cheir use depends upon the preference of the
fishermen, price and availability of the materials in the locality.
Inshore municipal payaos are installed within the 15-km area which
is the jurisdiction of the municipal or local government units while off-
shore payaos are installed beyond the 15-km from the shoreline and in
deeper waters. In 1981, about 2,000 payaos were deployed in Western
Luzon, Sibuyan Sea, Western Antique, Sulu Sea, Bohol Sea, Davao Gulf
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Figure 2
Bundled horizontalvertical
bamboo payao.
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and Moro Gulf. At present, Philippine payaos ate estimated to be around
4,000 to 5,000 units both in inshore, offshore, high seas, and waters of
other countries where Philippine fishing boats are allowed to operate.

Types

The “arong” evolved from the shallow fish shelter locally termed “tang-
kal” and “bonbon”. Figure 2 shows a vertical and horizontal bundled
bamboos tied together by rattan or interior rubber of tyres. It is anchored
in the sea floor by means of boulders or big stones covered with nets,
sacks and woven rattan baskets. The original anchor line is made of
rattan or sliced exterior of rubber tyres twisted and joined together
but nowadays by polyethylene rope while the mooring section is
concrete cement. It is mostly installed in shallow areas (20 to 200 m)
where pelagic fishes are known to be abundant. During daytime, fishes
are harvested by handlines. At night-time, it is lighted with gas lamps
and harvested by handline, gillnet, liftnet and surrounding net. The
“arong” is estimated to cost from US$ 50 to US$ 500 depending on sea
depth and materials.

The payao which is set in deeper waters has many variations depending
on the type of the float. Figure 3 describes the types and parts of
bamboo, rectangular-steel, galvanized-drum and bamboo-pontoon
combination payaos. The anchor line section usually consists of wire

Shelter line
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— Anchor line
— Swivel
1 ?ocgnut
— Ton!
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cable near the floater and the mooring drums, swivels, suspension
weight and the polypropylene or polyethylene rope. The suspension
weight prevents the floating of the slack rope during low cide since the
anchor line sea depth ratio is 1.2:1. The mooring section is macle of one
to eight concrete 200 | capacity cemented drum depending on sea
depth. The attractant section is made of coconut/palm leaves tied to a
rope and hung to the float. The depth of the sea ranges from 300 m to
5,000 m. The price is estimated from US$ 700 to US$ 3,000 depending
on the diameter, length and material of the anchor line. In most deep-
sea payaos, a galvanized chain, wire cable, or iron rod is connected to the
upper portion of the anchor line near the floater to prevent other fisher-
men in cutting the line.
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Ownership

Municipal payaos ate usually owned by small-scale fishermen or group
of fishermen who formed cooperative or association. They are installed
near the seashore, adjacent to cheir villages or nearby waters for easy
monitoring and provide safeguarding from vandals. In some regions,
the payaos owned by associations are harvested by the big companies
at sharing of 25:75% of the catch. However, in offshore waters payao
are owned by the ringnetters and purse seiners companies. Depending
on the number of catchers, they can operate 30 to 50 units. The fishing
companies allow that small-scale fishermen operate their fishing lines,
and in return, monitor the payao for the presence of school and prevent
other fishermen in destroying the units.

Regional distribution

Figure 4 shows the distribution of payaos by region. In region I, the
galvanized-drum payao is the most commonly installed off north-western
Luzon at 20 to 50 nautical miles away from the shore. However, some
companies are using the bamboo and pontoon payaos. In Region II1,
galvanized-drum payao is also installed on the western part of Zam-
bales at about 20 to 40 nautical miles from the shore. The distance is
becoming farther offshore due to unscrupulous fishermen. In Region
IV, payaos are distributed off western Bataan and Palawan while arongs
are set off western Batangas and Mindoro Strait. In the Visayas or Central
Philippines, (Regions VI, and VII), arongs are found in Negros Strait,
Cebu Strait, Camotes Sea, Bohol Sea, Samar Sea, Visayan Sea, Carigara
Bay, Leyte Gulf and Sulu Sea. They are set in shallow waters from
50 m to 300 m deep. Eastern Visayas (Region VIII) has also raft-type
and galvanized-drum payaos with peak season of harvest during the
southwest monsoon (June-October). The eastern Samar and Leyte waters
provide a good fishing activity. In Mindanao (Regions IX, X, XTI, XII
and ARMM), the major payao areas are Davao Gulf, Moro Gulf, Celebes
Sea and South Sulu Sea using the cylindrical-drum payao.

Harvesting methods and techniques

Commercial tuna fishing started in the Philippines as early as the 1930s
but it was only in 1974 when the United Nations Food and Agricul-
ture Organization brought in two experimental purse seining vessels to
test the viability of tuna fishing in Philippine waters that a break-
through was made. It was during this period that the effectiveness of
payao for aggregating tuna and small pelagics was discovered by the
Filipinos. Figure 5 presents the fishing gears for harvesting tuna asso-
ciated with payao. The handline is used extensively in Regions I, III,
IV, VII, VIII, IX, XTI and XII while troll line is used solely in Regions
[ and VII. Bagnet using payao is traditionally found in Region XI while
ringnet and purse seine ate widely used in all Regions.
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Figure 5
Tuna fishing gears

associated with payao. The techniques for ringnet/purse seine in Zambales waters, Celebes

Sea, and international waters vary with the operation of the payao.
Handline fishing in Celebes Sea is unique compared to other areas.

Ringnet/purse seine operation in Zambales-llocos coast

The 2.5 pc galvanized drum of about 2.5 metres long is mostly used
with the bamboo type as alternate floater. Peak fishing is seasonal and
occuring during the northeast monsoon from November to May. Payaos
are set about 20 to 50 pautical miles from the shore at 500 to 3,000
fathoms deep. Two whole drums are welded together with the third drum
cut into two pc. to shape like a torpedo. The torpedo-shaped drum
reduces the effect of wind and waves. Payaos are patrolled by “ranger
bancas” and the unit wich fish schools are lighted during the night. At
midnight, the mother boat or catcher boat is called and arrives in the
designated position before dawn.
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Divers, often called “human echosounders” dive underneath cthe payao
and estimate the volume of the school. With a good estimation, the light
boat detached the floater with the habong towing to a distance where
it is surrounded by the mother boat. Shooting of the net starts with two
fishermen jumping overboard with one end of the net. As soon as the
fishermen and the mother boat meet, the fishermen throw the floatline
and purse line on board ready for pursing. At chis junccure, a tom
weight or “lingote” is dropped along the purse line. The fishing ope-
ration lasts until 6am or 7 am and the boat reaches the homeport at
noon, ready for the fish delivery to the market by means of insulated
rrucks or vans.

The “floater” technique

Before the payao is surrounded by the catcher boat, the whole drum or
floater is detached from the anchor line where its end is provided by a
float or buoy. The drum float together with the “habong” or attractant
is towed away by che lightboat. Simultaneously, the catcher boat tows
the buoy with the anchor line to a distance to avoid entanglement.
Finally, the catcher boat surrounds the lightboat together with the
floater. Surrounding takes about 3 to 5 min, pursing another 30 min,
and hauling the net from 40 min to one hour depending on the sea condi-
tions. Brailing of the catch takes about 30 min to one hour.

The “habong” technique

The “habong” or the attractant only is being.detached and towed by
the “ranger boat” or light boat away from the floater. At a designated
area, the light boat with the “habong” is surrounded by the catcher boat
until operation is completed. The “habong™ is returned to the floater
after the operation.

Purse seine operation in Celebes Sea

Majority of the purse seiners in General Santos and Davao, southern
Mindanao operate in Celebes Sea, Moro Gulf, and adjacent waters. One
fleet usually consists of a catcher boat, three lightboats, two carriers
and 40 to 50 payao units.

The “single payao” technique

During the time when fish schools are abundant both inside the Phi-
lippines’ territory and adjacent waters, the single-payao operation is
being applied. A single payao is lighted for the night. At dawn, it is
surrounded by the catcher boat until tuna and other small pelagics are
hauled on board. The average catch rate ranges from 10 to 15 tons per
night operation.

The "terminal” technique
With the declining catch, the fishermen devise a technique where seven
to nine payaos’ attractants (habongs) are combined during the day.



Figure 6
Terminal technique in purse
seining.
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Usually, the payaos are three or four nautical miles distant. The expe-
rience of other companies for the inscallation of payaos is from 8 to 10
nautical miles. After assigning the position of the terminal payao, the
lightboats proceed to the adjacent payaos and firstly combine two payaos’
“habong” and tow them to the terminal payao. The “habong” of other
payaos ate also brought to the terminal. Before leaving che floater, a new
set of “habong” is tied. It was observed cthat the schools follow the
“habong”, hence increasing che catch per unit effort. The terminal is
lighted at night to maximize the ateracting efficiency (fig. 6). At dawn,
it is surrounded by the catcher boat. The new technique in harvesting
several payaos is already being done in Celebes Sea by the General
Santos fishing companies and in adjacent waters frequented by
Navotas/Malabon companies.
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Purse seine fishing in international waters

International waters include other countries territorial waters where
fishing agreements exist. Presently, there are about five fishing com-
panies from Navotas/Malabon, Metro Manila, Zamboanga City and
General Santos City which are operating in internacional waters. These
are mostly tuna purse seiners using payaos, floating logs and setting
their nets in open waters. The cylindrical-steel payao is the type of
floater being used with their depth ranges from 1,000 to 4,000 fachoms.
The purse seiners go fishing farcher to seek for beteer fishing grounds
in order to harvest enough volume to sustain their operations.

Hook-and-line fishing in Celebes Sea

Hook-and-line fishermen are the source of “sashimi” tuna in General
Santos City and Davao City. The tuna caught are distributed to ocher
parts of the country particularly Metro Manila. A large portion of the
catch are exported to Hong Kong, Taiwan and Japan. Tuna handlining
is one of the important fishing methods for capturing big tunas and is
very popular in southern Mindanao. The outriggered banca measures
17 m by 1.5 m by 1.4 m (LBD) with about 3 to 10 gross tonnage. At
the fishing ground where payaos are present, the fishermen release cheir
small handlines baiced with silk cloth to catch small-sized fish such as
salmonettes, roundscad, tuna and squid to serve as baits.

The “stone weight” technique

Figure 7 shows the major innovation introduced by the local fishermen.
It is che coiling together of the baited hook in a stone weighing 1 to
3 kg using a 2-metre secondary main line. It is then dropped near the
payao until it reaches the swimming layer of the tuna while the line is
suddenly pulled to release the stone. At this depth, fishermen jerk cheir
lines frequently to attract tuna bites. The observed swimming layer of
tuna under payao ranges from 80 m to 200 m depth and fishermen must
adjust their lines to this depth. Although, the stone acts as additional
weight and increases the sinking speed of the hool, the effect to the
fishing ground might have a negative impact to the tuna fishery in
particular and the fishing area in general.

The “squid-ink” technique

Another baiting technique is putting a squid or octopus ink (“shabu-
shabu”) inside a small plastic bag together with the bait. The position
of the plastic bag is located at the tipmost portion of the hoolbarb for
easy bursting upon jerking of the line. Tuna species are attracted to the
black clouds of water as they think there is abundance of squids.
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Impact on tuna fisheries
e nmannssnanins |

The introduction of “arong” and payao did not provide all positive
effect to the fishery resources and sustainable profit to the fishermen.
In relation to the gears used, the devices attracted juvenile tunas and
small pelagics. The harvesting led to the uncontrolled catches of juve-
niles which affect the recruitment patterns of the various species.

The Philippine waters are known as spawning areas of tuna; hence, the
juveniles stayed in the fishery, actracted by the “arong” and payao, and
finally caughe by various fishing gears. Most of the mesh sizes are consi-
dered fine-meshed nets (less than 3 centimetres). The distribution of
the tuna fisheries shows that small tunas dominate the catch. About
90% of the skipjack landed are at size 16 cm (juvenile migrates at
about 30 cm and left Philippine waters at 60 centimetres). Yellowfin
in the 60-110 cm range are not abundantly found in the country. The
“arong” and payao truly increase the total catch of tunas and small
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pelagics due to the attracting efficiency of the payao. However, the
introduction of payaos had some negative economic impact to the tuna
fishing industry and small-scale fisherfolk after years of good harvest.
Tuna production increased from less than 10,000 ¢ in 1972 to0 125,000 t
in 1976 when the payao was introduced to tuna fishing. In 1997, the
total tuna production was 312,506 t comprising of frigace/bullet,
yellowfin/bigeye, skipjack and “kawa-kawa” (tab. 5). However, the
positive impact resulted for the arcisanal or small-scale fishermen to
sustain their catch, and the handline fishermen in General Santos City
establish an export market of tuna “sashimi” while the purse seiners
contributed to the sustained operation of tuna canneries and processing
plants as well as the boom of related industries in southern Mindanao.

Table 5 - Annual total landings (t) of tunas in the Philippines (1970-1997).

Year/Species FRI/BLT YFT/BET SKJ KAW Total
1970 1685 122 7247 9054
1971 3775 225 4246 8246
1972 1856 131 7253 9240
1975 3201 6865 1463 11071 22600
1974 2247 11415 2761 8915 25338
1975 3396 9694 3181 5288 21559
1976 28328 44478 29714 23004 125524
1977 43007 63059 55090 54744 215900
1978 45937 37225 32586 21953 137701
1979 79909 49224 45084 23094 197311
1980 96874 48023 31180 24733 200810
1981 78248 56176 38439 30891 203754
1982 67363 51922 50795 46524 216604
1983 74219 62036 57151 48880 242286
1984 80305 58924 44671 41899 225799
1985 95726 64293 60536 41060 261615
1986 87225 59510 77031 42445 266211
1987 98032 51809 73751 46934 270526
1988 107498 57650 58156 56337 279641
1989 117545 62146 64654 57 899 302244
1990 88801 81103 99705 43762 313371
1991 93236 95594 102394 47850 339074
1992 125655 45026 83179 31943 285803
1993 110266 38083 68065 21714 238128
1994 109866 63179 84560 29669 287274
1995 88426 60957 110111 27308 286802
1996 88969 61280 110004 24345 284598
1997 108494 67342 110097 26573 312506
Total 1922773 1314329 1494836 857581 5589519
Average 76910.92 46940.32 53387.00 30627.89

Source; Bureau of Agriculture Statistics (BAS), Fisheries Statistics, 1970-1997.
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Management

The increasing and continuous use of “arong” and payao in the terri-
rorial waters should be an area of concern for both the Philippines and
other countries using the technology. The uncontrolled capeure of juve-
nile tunas should be provided with proper solution to make cuna fishing
sustainable in the region. It has been recognized that international
cooperation through a regional agreement should be done for the effec-
tive utilization of the highly migratory species. The mulci-high level
conference relating to straddling and migratory stocks should be concre-
tized and the creation of a regional body is recommended. The use of
payaos is contributory to the removal of juveniles of tuna from the
stocks. With chis situation, the government must regulate the tuna
fishery by looking at the effect of payaos and other harvest methods in
order to ensure the sustainable productivity of the tuna fishery.

Recommendations

o A system of monitoring catch, effort, size composition, oceanogra-
phic and biological data should be implemented on fishery resources
associated with payao to improve understanding of the population and
fishery dynamics involving the device and management of tuna stocks.
e The potential impact of payao and the fishing gears to the fishery
resources and environment should be given priority in research. The
results of the studies will serve as basis in the formulation of policies
for the sustainable viability of the tuna resource and continuous utili-
zation of the payao for both inshore and offshore waters.

e At the same time, since many countries are using FADs, concerted
and effective monitoring is necessary to check or counteract reported
detrimental effect of payao on juvenile tuna catch. Among the suggested
measures are the use of big mesh-size nets and proper spacing of FADs.
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Abstrt

The first FAD's in the islands of the South West Indian Ocean were
moored in the fifties. The area under study forms part of the Indian
Ocean Commission which include Comoros, Madagascar, Mauritius,
Seychelles, Réunion and the island of Mayotte. After a few isolated trials
that turned to be inconclusive, especially for lack of reliability of the
devices moored, trials were pursued under the auspices of Internatio-
nal Organizations. A new type of FAD was successfully designed and
implemented in Mauritius. This model was then applied in the Como-
ros in 1987, in la Réunion and Madagascar in 1988 and in Mayotte
in 1989.

The various programmes have had various results. In some cases such as
la Réunion and Mauritius, they have played a key role in the development
of the inshore fishery. In other cases they have been less significant.
Finally in other cases although a significant impact on artisanal fishery,
the experience was halted due to financial constraints.

Beyond the history of the various programmes and the results obtained,
the authors have attempted to underline the social and economic fac-
tors that have characterized the various trials in the different regional
countries.

Itroduction

Les ressources de thonidés et grands pélagiques occupent une place
stratégique pour les pays de 'océan Indien qui, en tant qu'Etats insu-
laires, possédent des ZEE importantes et riches en ressources thoniéres.
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Celles-ci sont tradicionnellement exploitées dans le cadre d’accords de
péche avec I'Union européenne et certains pays asiatiques' (Japon, Tai-
wan et Corée), accords qui permettent la présence de floccilles indus-
trielles de senneurs et de palangriers, done les prises atteignent 810000 ¢
en 1993 (zone 51 de la FAO), soit 17 % des prises mondiales (Pianet,
1998). Les premiéres implantations de dispositifs de concentration de
poissons destinées 4 permettre une exploitarion artisanale de ces stocks
ont été effectuées dans les années cinquante, mais il faut actendre les
années quatre-vingt pour que, sous 'égide de plusieurs projets de
développement (FAO et FED), ces implantations permettent, avec des
trajectoires et des résultacs divers selon les pays et les contextes, 'amorce
d’un développement de ces pécheries.

Lobjectif ici est d’effectuer une syncheése-diagnostic de ces expérimen-
tations pour la partie sud-ouest de l'océan Indien. Cette délimitation
permet ainsi de satisfaire des contraintes d’homogénéicé géographique
et de s'inscrire dans le champ de la dynamique politique et économique
régionale correspondant a la Commission de 'océan Indien®. Néanmoins,
un tel bilan se heurte du point de vue méthodologique au caractére
souvent parcellaire des données, aux systémes de collecte d’information
non standardisés ainsi qu'aux différences structurelles importantes des
économies et des pécheries concernées.

Dynamique des implantations

Contexte

La figure 1 présente la zone d’étude, qui regroupe cing pays de la
Commission de 'océan Indien (Comores, Madagascar, Maurice, Réunion,
Seychelles) et I'ile de Mayotte, pays ou territoires qui offrent des
contextes variés et souvent hécérogénes du point de vue des principaux
indicateurs, physiques, démographiques et macro-économiques (tab. 1).

1. Ces accords sont a l'origine de recettes en devises importantes pour les pays de la COl ainsi
que pour la collectivité territoriale de Mayotte {accords privés avec les armements espagnols).

2. Ceite institution {(C0l) émane de la volonté politique des pays membres de la zone, y compris
la France au travers de la Réunion, de renforcer la coopération et lintégration régionale comme
impératif pour leur développement économicue et social (Sweenarain, 1998). C'est dans le cadre
de cette commission qu'ont été menés deux projets régionaux de développement de la péche tho-
niere : les projets thoniers phase [ (1987-1991) et phase Il (1992-1996). Outre cette institution,
on note aussi 'existence de la Commission thoniére de 'océan Indien, qui regroupe les Etats rive-
rains de 'océan Indien et les Etats pécheurs de la zone, c'est-a-dire essentiellement 'Espagne et
la France dont les armements thoniers y ont un poids économique important. L'objectif de cette
commission, a limage des grandes institutions internationales de gestion (ICCAT, CEM...), est de
promouvoir la coopération parmi ses membres en vue d'assurer, a travers une gestion appro-
priée, la conservation et l'utilisation optimale des stocks de thonidés et espéces voisines et
d'encourager le développement durable des pécheries exploitant ces stocks.
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Figure 1
Localisation géographique
de la zone étudiée.

Tableau 1 - Données d'ordre général et principaux indicateurs macro-économiques

Comores Madagascar  Maurice Mayotte Réunion Seychelles
Superficie (km?) 2200 587000 2000 374 2250 410
Surface ZEE (km?) 160000 1000000 1900000 74000 310000 1300000
Population en million
’habitants 0,5 13,7 1,1 0,13 0,66 0,08
PNB/hab en $US 400 239 3446 10609 5629
Source : Banque Mondiale ; adapté de col InfoNet, cité dans Anon., 1998,
Pécheurs artisans 8000 61000 3400 2120 500 1700
(54 % de
femmes)(a)
Consommation appatente de poissons per capita (kglan)
Moyenne 1982-1984 12,3 5,2 14,3 23 11(c) 47,5
Moyenne 1991-1993 21,0 7.2 18 9(b) 13(c) 71,3
Source : Friedrichs, 1998; COl InfoNet; Borel et Herry, 1994 cités dans Anon., 1998.
Année 1995 1995 1995 1998 1998 1996
Production
des produits de la mer 12000 85000 15000 2000 6000 5000
(en tonnes)
Exportation
des produits de la mer 54 26665 13570 3024 1365

(en tonnes)

{a) En raison du nombre important de pécheurs en situation irréguliére, ce chiffre est sous-estimé.

(b) Chiffres 1988-1989 et 1992-1993 (d'aprés 0. Thébaud, 1996). (c) chiffre 1989 (Biais & Taquet, 1992).
Source : secrétariat général de la Commission de 'océan Indien. Programme cadre de coopération technique.
Etude de faisabilité d'un projet régional de développement de la péche. Rapport provisoire, aciit 1998.
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Lasituation des pécheries artisanales de ces pays témoigne la encore de
fortes différences (Aboudou ez l., 1996). Pour ne rappeler que quelques
points forts, on peut ainsi souligner : la faiblesse des ressources pout
les Comores (étendue limitée du plateau continental et des récifs coral-
liens) tandis qu'au contraire les ressources exploitables de 'importante
ZEE malgache® sont estimées 2 450 000 ¢ (Aboudou ¢f #/., 1996), dont
des espéces fortement valorisées telles que les crevettes, les langoustes
et les thons. Dans le cas de Mayotte, de Maurice et des Seychelles, les
pécheries artisanales sont principalement orientées vers l'exploitation
des bancs coralliens avec des productions qui sont respectivement esti-
mées & 2000 t pour Mayotte (1999), 8000 t pour Maurice (1995) et
2000 t aux Seychelles (1995). Enfin, du fait de 'absence de plateau
continental, la pécherie artisanale réunionnaise? est centrée sur I'exploi-
tation des pélagiques avec une production qui s'est fortement redressée
depuis la mise en place des DCP et qui atteint 1 156 t en 1997 (source :
direction des Affaires maritimes).

Les modéles de DCP et I'évolution technologique

Les premiéres expérimentations de DCP dans I'océan Indien reprenaient
des matériaux naturels (feuilles de cocotiers) imitant les payaos philippins.
Les expérimentations menées par la suite ont poursuivi deux objectifs
principaux : augmenter la durée de vie des dispositifs par des essais de
DCP robustes (DCP lourds) ou diminuer les cofits par la fabrication de
DCP dits « légers ». Ces deux objectifs se sont avérés contradictoires et
c’est un compromis de DCP mi-lourds articulés qui est apparu comme
la solution la plus efficace (Roullot ¢f a/., 1988a,b).

Lobjet n'est pas ici de dresser un bilan exhaustif des différents modeles
de DCP testés dans la zone sud-ouest de 'océan Indien tant ils ont été
diversifiés, mais de présenter les types qui ont écé éprouvés. Diverses
expériences d’implantation de DCP ont été menées dés 1982 pour les
Comores, Maurice et les Seychelles. C'est & Mayotte que 'implantation
des premiers DCP en 1989 a été la plus tardive. Cependant, en raison
du manque de moyens ou de défauts de conception, de nombreuses
expériences ont tourné coutt.

C'est dans le cadre d'un projet mixte FAO-PNUD qu’a été mis en place
en 1986 a Maurice, apres plusieurs améliorations successives, un modele
de DCP mi-lourd de faible coit, de durée de vie satisfaisante et adapcé
aux conditions océanographiques de la zone (Roullot ¢r /., 1988a,b).
Ce modéle, communément appelé « modeéle océan Indien » (Anderson
& Gates, 1997), a ensuite été transféré aux Comores (1986), a la Réunion
(1988) et & Madagascar et Mayotte en 1989. Si a la Réunion ce modele
a été adopté sans grande modification a 'exception du remplacement
des cibles d'acier par du cordage du fait de la réduction des risques de
vandalisme [ié & un incérét croissant pour les DCP (Biais & Taquet,

3. Au 4@ rang mondial des fles en termes de superficie.

4. On note aussi I'exploitation des ressources démersales péri-antarctiques et I'existence d'une
pécherie de palangriers depuis 1991,
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Figure 2

Champa traditionnel

des Comores (in: Le Touze
et al.,, 1989).
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1990), par contre & Mayotee ce modéle s’est avéré inadapté (tant en
1989 qu’en 1991). Un nouveau type de DCP de forme « soucoupe » a
donc écé mis en place en 1998.

Au total dong, trois modeles de référence peuvent ainsi étre identifiés.
¢ Les DCP en matériaux naturels (fig. 2)

On trouve dans cette catégorie les champas implantés aux Comores (Le
Touze ¢t al., 1989) ou les DCP des Seychelles (Marsac & Stequert, 1987).
Ces modeles assez fragiles adaptés & des zones 2 faibles contraintes océa-
nographiques ont le plus souvent mal résisté aux courants.

Palme de cocotier

—

Radeau bambou

Hamecon
Appat Cordage en sisal

6034100 m
de fond

Lest en pierres

e Le modele de base dit « modéle océan Indien »

Il s’agit d'un DCP mis au point a I'fle Maurice (Roullot ez 2/, 1988a,b)
(fig. 3). La partie supérieure est constituée d’un chapelet de bouées de
chalut résistantes a la pression permettant son immersion lors d’épi-
sodes de fort courant, diminuant la tension sur 'ancrage (De San &
Pages, 1998). Quelques légéres modifications ont été apportées a ce
modele lors du transfert dans les différentes Tles. Au niveau des DCP
implantés a la Réunion, apres quelques années de programme et devant
un nombre annuel de pertes estimé a 10, une analyse de la fiabilité des
dispositifs a écé réalisée.
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Figure 3
DCP mi-lourd
(Tessier & Poisson, 1997).
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Les principaux facteurs de perte idencifiés sont de deux ordres : les fac-
teurs intrinséques liés & la conception méme du DCP et les facteurs
externes liés 4 I'environnement du DCP.

La conception des DCP a été améliorée par des modifications successives
qui visent la réduction des phénomenes d'usure et la simplification du
montage des dispositifs. La durée de vie est passée de 12 a 19 mois
entre 1988 et 1996 (Detolle et aL., 1996).

Parmi les facteuts externes influengant la durée de vie des DCP ont été
identifiés :

- la fréquentation du DCP et l'utilisation de certaines techniques de
péche;

- la houle qui semble écre un facteur plus important que les courants;
- les cargos;

- la fréquence de 'entretien;

- le développement de la péche 2 la palangre. La ligne horizontale déri-
vant au gré des courants s’accroche au DCP et le cisaille;

- les dégradations volontaires (malveillance ou récupération de matériel).

o Le DCP type « soucoupe » (fig. 4)

Enfin, 2 Mayotte, un nouveau modele de DCP appelé DCP « soucoupe »
a été testé en 1998. Sa conception est basée sur le modeéle utilisé en Poly-
nésie. 1] offre plusieurs avantages : une bonne résistance aux contraintes
mécaniques, une bonne flottabilité, une facilicé de pose et d’approvi-
sionnement et, de plus, il peut servir d’abri en cas de naufrage (non
immergeable).
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Figure 4

Partie supérieure du DCP
« soucoupe »

(Wendiing, 1999).
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Historique des programmes DCP

Afin de retranscrire la succession des programmes dans les différents
pays, les principales expériences d’implantation de DCP sont résumées
dans les tableaux situés en annexe (De San, 1999 pour les pays de la COI,
Ah-Niegme, 1997 pour la Réunion et Wendling, 1999 pour Mayotte)i.
Lanalyse comparative de ces expériences dans les différents pays de
l'océan Indien permet de faire ressortir deux aspects majeurs quant a
la logique et les cadres institutionnels dans lesquels ces programmes
ont été mis en place.

Ainsi, a I'exception de la Réunion et de Mayotte ol I'initiative revient
a un organisme de recherche, I'Ifremer (avec des financements des col-
lectivités territoriales), les programmes ont été mis en ceuvre par des
organismes internationaux (FAO, 1991 ; FED UE/COI) dans le cadre de
projets de développement. Ceux-ci concernaient la mise au point de la
technologie et son transfert mais aussi le développement des échanges
d’expérience entre les pays a partir d'actions de formation et de rencontres
entre pécheurs.

5. Signalons que, pendant le PTR | {projet thonier régional), des DCP ancrés destinés a la péche
industrielle @ la senne ont été posés aux Comores, aux Seychelles et a Madagascar mais le

résultat n'a pas été convaincant. Les senneurs se sont ensuite tournés vers des Objet Artificiels
Dérivants {0AD) mieux adaptés a leur technigue de péche.
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Hormis les Seychelles, dans leur majorité, ces programmes écaient des-
tinds au développement de la péche artisanale®. Cet objectif est expri-
mé soit en termes d’approvisionnement du marché local (Comores,
Maurice), soit en termes d’emploi (Réunion), soit en termes de rentabi-
lité des exploitations (Mayotte, Maurice, Réunion) en recherchant une
diminution des frais d’exploitation ou une diversification des techniques
de péche. A la Réunion, une fois I'activité professionnelle de péche
redynamisée, I'objectif du programme DCP fut de maintenir et d’accroitre
la rentabilité du secteur de la petite péche. Dans plusieurs cas, cet
objectif est assorti, simultanément ou consécutivement, d’autres objec-
tifs parmi lesquels on peut cicer :

- permettre un report de effort de péche en raison de la surexploitation
des ressources démersales (Comores, fle Maurice, Réunion, Mayotte);

- mettre en place une gestion intégrée de la zone cdtiére (répartition
spatiale péche-tourisme);

- diminuer le risque ciguatérique li¢ a la consommation d’especes
démersales (Mayotte7).

Situation actuelle et contraintes

La configuration des les et de la composition des flottilles déterminent
les zones d’implantation des DCP qui, dans la zone, ont écé installés encre
2 et 10 milles des cores®. Toutefois, la distinction doit &cre faite entre
les DCP destinés 4 la péche des grands pélagiques et ceux destinés &
celle des petits pélagiques. Aux Seychelles et, dans certaines régions de
Madagascar, I'extension du plateau continental n'a pas permis I'instal-
lation de DCP accessibles & la plupart des embarcations. Aux Comores
comme 4 Mayotte, U'implantation des champas (De San & Rotsaert,
1989) ou de DCP dans le lagon (Wendling, 1999) permet d’améliorer
la disponibilité des appits et est associée a celle des DCP profonds plus
au large.

Deux tableaux tentent de résumer les principales caractéristiques et
la situation & laquelle ont abouti les programmes DCP dans la zone.
Le cableau 2 présente les institutions responsables des programmes,
Pampleur des réalisations et leur poids relatif par rapport aux flot-
tilles et aux prises de la péche artisanale des pays. Le tableau 3 pré-
sente le bilan que l'on peut faire 2 ce jour des réalisations et tente d’en
évaluer le cofit.

6. Avec toutefois quelques expérimentations au profit de la péche industrielle 8 Madagascar
dés 1985 et plus récemment (1987 a 1992} & Maurice, aux Seychelles et aux Comores.

7. Ainsi, a Mayotte, l'augmentation de la population et du risque ciguatérique ont amené a définir
en 1998 un troisiéme objectif pour le programme DCP, qui répondait déja a un essai de diver-
sification de la péche artisanale (1989) et devait aussi compenser la diminution des ressources
lagonaires.

8. Dans certains cas, quand le type d'embarcation le permettait, ils ont été installés jusqu'a 17
milles des sites de débarquement.
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Tableau 2 - Principales caractéristiques des programmes DCP.

Comores - Madagascar Maurice : Mayotte Réunion  Seychelles
Insticutions Projet TED, Projet thonier  FAO, Direction de  Ifremer, Pas de
concernées projet régional, Orstom, I"Agriculture  comicé programme
par le programme thonier projet centre de et de la Forét, régional DCP, péche
DCP régional,  régional recherche  Ifremer des péches  artisanale (a)
Orstom environnement  d'Albion
Année de référence 1994 1993 1998 1998 1998 1995
Nombre de sites
d’immersion 54 (b) 9 26 15 36 0
dont cbtiers 27 5
Parc des DCP 10 (¢) 9 26 15 30 0
existants
DCP mis en place ND ND 9 9 16 0
au cours de I'année
de référence
Nombre 3938 21682 1274 1022 dont 322 380
d'embarcations 230 barques
péche artisanale 781 pirogues
Nombre de bateaux  Aucun ND 50 443 195 () 0
concernés par les DCP exclusif (personnes)
de fagon exclusive
ou réguliere
Prises sur DCP ND ND ND (e) 0
en tonnes 250 ¢ 708 ¢
en % du total
prises péche artisanale 10 % 60 %

(a) les derniers DCP pour la péche artisanale datent de 1987.

{b) estimation, Rey-Valette, 1998.

(c) Aboudou comm. pers., données 1999, données sur la Grande Comore, pas d'information sur les autres fles.

Plusieurs problémes conjoncturels (rupture de stock, arrét projet FED) ont empéché la poursuite du projet entrainant une forte
diminution du parc de DCP.

(d) données 1995 dont 115 exclusifs (>75% des prises) et 80 réguliers. On dénombre aussi 702 embarcations plaisanciéres
qui peuvent fréquenter occasionnellement les DCP.

{e) données 1999, en cours de traitement.

Tableau 3 - Etat actuel des programmes DCP et colit (en euros).

Comores:  Madagascar Maurice .~ Mayotte Réunion Seychelles
Année de référence 1999 1999 1999 1999 1999 1984-1987
Zones DCP Tuléar Hors Dans le lagon : 5 Cétiers : 17 Plateau de
d’implantation profonds : 10 lagon : 20 Hors lagon : 10 Large : 30 Mahé : 30
Situation 10 ND 20 15 30 0
actuelle
Colit moyen 3295 € (a) 2500 € (b) 323243506€(c) 3049 €

(matériel,

montage et pose)

Montant Plus de budget ? ? 35000 € 70000 €
annuel du

programime
(a) Le Touze et al., 1989; (b) Rouliot et al., 1988a,b; (c) Wendling, 1999.
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L’évaluation du parc de DCP dans la zone

Au niveau global de la zone, ces tableaux permettent d’évaluer le « parc »
de DCP implantés. Celui-ci peut écre escimé actuellement a 75 disposi-
tifs (cab. 3) concre 90 pour les données antérieures (tab. 2), voire 104
(sans Mayotte) dans le cadre d'une évaluation similaire faite en 1996 (Rey-
Valette, 1998). On observe donc globalement un déclin des implancations
avec cependant des situations différenciées selon les pays. Si pour cer-
tains il semble y avoir échec, on note une stabilisation des parcs de DCP
a la Réunion et 2 Mayotte, voire aux Comores, méme si Uécat effectif des
DCP est difficile & évaluer. Dans tous les cas, ces comparaisons dans le
cemps des situations selon les pays témoignent d’érapes de développe-
ment plus ou moins longues liées a la fois a la durée et a 'histoire des
implantations ainsi qu'aux contextes économiques des pays concernés.
Il convient de rappeler ici que, si l'impact biologique des DCP (concen-
tration et augmentation du temps de passage des poissons autour d'un
point fixe les rendant plus vulnérables aux engins de péche) est un fac-
teur indispensable de la réussite d’un programme DCP, il n’est pas le seul.
En effet, dés lors que les expériences d'implantation de DCP s’effectuent
dans le cadre de projets de développement, c’est-a-dire selon une logique
extérieure au secteur, Ces programmes se trouvent par conséquent expo-
sés aux mémes contraintes que les projets de développement. Ainsi,
des analyses générales des projets DCP dans les pays en voie de déve-
loppement font apparaitre de mulciples causes de dysfonctionnements,
voire d’échecs, qui peuvent étre classées selon neuf grandes catégories
(Pooley & Boggs 1990 ; Cayré ¢t al., 1991) : la construction et la main-
tenance des dispositifs, 'environnement économique et social, la péche
et les pécheries, I'absence de bénéfices économiques, la direction et le
contrdle des projets, l'environnement biologique, 'environnement océa-
nographique, l'infrastructure et enfin la réglementation. Dans le cas des
programmes étudiés au niveau de l'océan Indien, on peut identifier selon
les pays et selon les périodes, les contraintes suivantes :

- l'environnement océanographique hostile a été une contraince forte
lors des premieéres implantations;

- la nécessité d'une régularité de 'approvisionnement en matériel. L'uti-
lisation de matériaux synchétiques pour la construction des DCP a per-
mis un accroissement important de la durée de vie des dispositifs, mais
le passage des bambous & des matériaux de synthese accroit la dépen-
dance de l'extérieur. Ainsi, le manque de moyens financiers peut abou-
tir 4 la disparition du stock de matériel remettant en cause le pro-
gramme. Aux Comores, il n’a pas écé possible de sécuriser les appro-
visionnements d’intrants pour construire les DCP hors des projets de
développement (De San, comm. pers.);

- le faible attrait des populations locales des Comores, Mayotte, Mada-
gascar et des Seychelles pour les poissons pélagiques. Ainsi, aux Sey-
chelles er 2 Mayotte, c’est la faible valeur commerciale des especes
péchées sur DCP, par opposition aux espeéces démersales, qui explique
pour partie la faiblesse de la fréquentation des dispositifs;

168



Session 1 - Regional syntheses

- le manque d’intérée des DCP peu profonds aupres des pécheurs spot-
tifs professionnels des Seychelles en raison de la forte instabilicé des agré-
gations;

- la largeur du plateau continental et le faible taux de mocorisation des
embarcations : inadéquation flotcille/distance de péche pour Mada-
gascar (De San & Razafimbelo, 1992);

- les techniques de péche craditionnelles qui éraient inadaptées a la
péche sur DCP aux Comores, 2 Maurice et Mayotte;

- la compétition avec une floctille palangriere en développement a la
Réunion;

- la disponibilité d'un bateau pour la pose des DCP a la Réunion;

- Pinadaptation de la flottille & Uexploitation des DCP en raison de
configuration des sites de débarquement a la Réunion au début du pro-
gramme;

- I'inadaptation de la réglementation en matiere de navigation a la
Réunion, et en matiére d’appét vivant 2 Maurice ou la réglementation
interdisait aux pécheurs professionnels d’étre en possession d'appits
vivants et d'utiliser des techniques pour les caprurer (Venkatasamy &
Sheik Mamode, 1995).

Analyse des résultats et des effets

Attractivité et impact halieutique

Des efforts de recherche biologique conséquents ont été déployés pendant
le PTR II (projet thonier régional) pour évaluer les effets des DCP. Les études
menées ont concerné :

- I'échosondage pour décerminer la biomasse présente sous les DCP
(Conand, 1997);

- les marquages acoustiques qui ont été utilisés pour mettre en évi-
dence le comportement des thons albacores (Thunnus albacares) dans un
réseau de dispositifs de concentration de poissons (Marsac & Cayré,
1998). Les marquages ont notamment permis de préciser le rayon d’ac-
tion d’un DCP (5 milles ; Cayré & Chabanne, 1986), le relichement de
I'association thon-DCP pendant la nuit ainsi que la profondeur de nage
du poisson.

La revue bibliographique des captures journaliéres par bateau obtenues
dans 'océan Indien autour des DCP montre qu'elles sont similaires 2
celles de l'océan Pacifique et comprises entre 50 et 85 kg pour des embar-
cations utilisant les lignes 2 main. La production annuelle estimée par
DCP est trés variable. Les chiffres suivants sont donnés a titre indicatif
mais ne peuvent pas étre compatés les uns aux autres tant les méchodes
d'évaluation, les efforts de péche développés et les techniques de péche
sont différents d’une expérience a l'autre. Les chiffres mentionnés vont
de 10 t/an & Maurice (Venkatasami & Sheik Mamode, 1995), 30 t/an
4 la Réunion (Biais & Taquet, 1990), 47,5 t/an & Maurice (Roullot ez
al., 1988a,bya 75 t/an a Tuléar (De San, 1999). Méme si I'impact précis
des DCP sur les prises des pécheries artisanales n'a pu étre précisément
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estimé, l'analyse de I'évolution des prises semble montrer que, dans le
cas des Comores et de la Réunion, ils ont sans doute contribué a la crois-
sance des débarquements. En effet, aux Comores, la production est pas-
sée de 5000 2 6000 t en 1983 a environ 12000 t en 1991 tandis qu’a
la Réunion les prises sont passées de 735 t en 1987 (Biais & Taquet, 1988)
a 1305 ten 1994 (Tessier, 1996). Néanmoins, il faut &cre trés prudent
sur le rapprochement de ces évolutions, en soulignant le fait que la mise
en place des DCP s'accompagne en général, en particulier aux Comores,
de la mise en place ou de 'amélioration du suivi des débarquements qui
peut expliquer aussi pour partie 'accroissement des prises.

Au niveau des espéces présentes sous les DCP, bien qu'aucune liste n’ait
été établie au niveau de I'ensemble de la zone ouest de I'océan Indien,
il semble probable que la compilation des listes d’especes capturées a
Maurice (Roullot ¢ /., 1988a,b ; Venkatasamy & Sheik Mamode, 1995)
et 4 la Réunion (Biais & Taquet, 1988) puisse écre étendue  tous les
pays de la zone, & 'exception du germon dont la distribution est plus
tempérée et qui est peu présent dans la partie nord de la zone. Au total,
une vingraine d'espéces peuvent ainsi éctre recensées, dont certaines
quantitativement plus importantes, comme le thon albacote et la dorade
coryphene 2 la Réunion et & Maurice (tab. 4).

Tableau 4 - Principales espéces capturées sous les DCP de la zone ouest de I'océan Indien.

Thon albacore Thinnns albacares™ Espadon Xiphias gladins
Thon obese Thitnnus obesns™ Barracuda Sphyraena barracida
Thon germon Thimnits alalunga™ Prodigalson Elagatis bipinnnlata

Listao

Katsmwonus pelamis

Requin tigre

Galeocerdo cuvieri

Bonite a dos rayé

Eutlynnus affinis

Requin océanique

Carcharhinus longimanus

Wahoo

Acanthocybium solandyi

Requin peau bleue

Prionace glauca

Thon dents de chien

Gyninosarda miicolor

Requin taupe bleu

Lsuvus oxyrbincus

Dorade corypheéne

Coryphaena bippurus®

Requin marteau halicorne

Sphyrna lewini

Marlin blen

Makaira mazara

Marlin noir

Makaira indica

Lancier

Tetvapterus angustirostyis

Voilier

Lstiophorus platypterns

* Les thons majeurs {du genre Thunnus) et la dorade coryphéne représentent de 60 % a plus de 90 % des prises (Roullot et al.,
1988a; Tessier & Poisson, 1997},

Cependant, la disponibilité saisonniére des especes n'est pas constante.
A I'tle Maurice et 2 la Réunion, si le thon albacore reste présent A toutes
saisons, plusieurs auteurs (Roullot e 2/, 1988a; Tessier & Poisson,
1997) mectent en évidence deux périodes optimales de captures de la
dorade coryphene centrées sur les mois de juin et novembre. Le thon
germon est lui surtout présent du mois d’octobre au mois de février (Ven-
katasami & Sheik Mamode, 1995).

De San (1999) mentionne qu’a Tuléar (sud-ouest de Madagascar),
150 t/an sont capturées sur deux DCP dont la moitié sont des requins
exploités pour les ailerons.

Enfin, peu d’écudes ont précisé la répartition des caprures par classe de
taille. Elles ont été essentiellement menées 2 Maurice pour les quatre
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especes principales : dorade coryphéne, thon albacore, listao et wahoo,
Roullot er /., 1988a.b; Venkatasami & Sheik Mamode, 1995).

Attractivité économique

Les résultats économiques peuvent étre évalués, soit au nivean des pécheurs
i partir de leur fréquentation des DCP, signe de I'intérér qu’ils leur accor-
dent et de I'impact sur la rentabilité des unicés, soit a I'échelle des consom-
mateuts. Ce sont les effets sur les marchés qui permettent d'évaluer
I'impact sur la demande, voire sur I'équilibre alimentaire du pays.

Fréquentation des pécheurs et évolution des techniques et des pratiques

Les résultats en termes de fréquentation varient fortement selon les
pays en fonction de multiples paramétres. On peut classer les pays en
deux groupes :

e Les Seychelles, Tamatave (cOte est de Madagascar) et Maurice ot la
fréquentation des dispositifs est restée peu importante en raison de la
faible valeur commerciale du listao (principale espéce péchée), des dif-
ficultés d’acces et de I'éloignement pour les Seychelles et 2 Tamatave.
» Les Comores, Réunion et Mayotte, olt 'on note au contraire une fré-
quentation significative, voire importante. Ainsi, aux Comores, de 30 %
4 40 % des pécheurs sont intéressés par les DCP (Rey-Valette, 1998),
tandis qu'a Mayotte 54 % déclarent pécher occasionnellement et 20 %
régulierement autour des DCP. A la Réunion, les DCP sont utilisés par
les pécheurs professionnels et plaisanciers. L'activité de péche sur DCP
représentait, en 1994, 33 % des sorties en mer des professionnels et 7,5 %
des non professionnels (Tessier & Poisson, 1997)°.

Dans le cas de la Réunion, 'analyse des stratégies des pécheurs montre
que le choix de péche autour des DCP s’effectue en fonction d’un arbi-
trage entre les risques et l'espérance de gain, qui sont appréciés par les
pécheurs en fonction d’informations sur la présence ou non de poissons,
sur le niveau de fréquentation et, enfin, selon I'éloignement du port.
Si la pratique quasi exclusive des DCP a été une stratégie d’exploitation
qui a perduré de 1990 a 1994, la normalisation des DCP a amené cer-
tains pécheurs a diversifier leur activité (quatre métiers différents iden-
tifiés par Roos et @/., 1997). La capture de I'appét vivant avant de se
rendre sur le DCP a entrainé un allongement des sorties en mer. Cer-
tains pécheurs fréquentent un ou deux DCP durant une journée de
péche, d'autres peuvent aller pécher sur trois ou quatre dispositifs.
D’autres encore se regroupent et disposent alors d’une embarcation
dans chacun des deux sites artétés; U'embarcation la plus proche du
meilleur site potentiel sera retenue pour la journée de travail.

Enfin, pour les embarcations adaptées, une érude de 'impact sur la
rentabilité des unités de péche atteste d'une progression de l'excédent
brut d’exploitation de plus de 157 % (Detolle et af., 1996).

9. Une estimation de la fréquentation potentielle par DCP a été réalisée en fonction du nombre
de bateaux par port et du rayon d'action des bateaux. Ainsi, en fonction de leur emplacement,
les DCP sont visités par 8 a plus de 100 bateaux (Detolle et al., 1996).
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Les caractéristiques des populations de pécheurs fréquentant les DCP
sont présentées au tableau 5.

Tableau 5 - Ensemble des flottilles de péche artisanale et types de pécheurs travaillant sur DCP.

Pays Comores. Madagascar Maurice Mayotte Réunion

Floctille artisanale 3938 21682 1274 1022 (a) 322

dont motorisée 924 182 236 230 322

Pécheurs cravaillant Artisans Artisans (b) Artisans Artisans Artisans

sur DCP Péche au gros (¢)  Péche au gros  Plaisanciers (d)  Péche au gros, plaisanciers

(a) dont 230 barques (97 % motorisées) et 792 pirogues (30,2 % motorisées); (b) un statut juridique de pécheur professionnel
existe & Maurice et & la Réunion et dans une moindre mesure a Mayotte (pluriactifs), donnant droit & des aides structurelles,
notamment pour I'acquisition de moyens de production; (c) péche sportive professionnelle touristique ; (d) péche de loisir.

Concernant les techniques utilisées, leur adaptation au DCP et 'accep-
ration du DCP sont d'autant plus rapides que les pécheurs maftrisent
les techniques et connaissent les espéces, pour lesquelles des marchés
existent donc déja. Clest essentiellement le cas a la Réunion et aux
Comores on, du fait de I'absence de plateau et de lagon, l'exploitation
des poissons pélagiques était déja pratiquée. Ailleurs, la péche artisa-
nale concernait surtout Uexploitacion des ressources démersales. Les
techniques de péche pratiquées autour des DCP varient selon les pays,
méme si de nombreux transferts et échanges ont été pratiqués dans le
cadre des projets régionaux (cf. supra). A la Réunion et 2 Maurice, la
traine, technique principale des pécheurs sportifs, a été remplacée par
des techniques de dérive et de palangre verticale, plus économes et plus
efficaces. Pour ces techniques, l'efficacité maximale est obtenue avec un
appat vivant. Aux Comores, au contraire, la traine reste la technique
la plus pratiquée, sachant que la péche a 'appdt est refusée dans cer-
tains villages car, pour des raisons culturelles, les pécheurs refusent de
sacrifier le premier poisson capturé (Rey-Valette, 1998).

Impact sur les marchés et 'approvisionnement alimentaire

Limpact des DCP sur I'aval de la filiére et les marchés n'est observable
que lorsque la fréquentation des DCP est significative et qu’elle se tra-
duit par une progression des débarquements ou une modification de la
composition ou de la taille des capeures. On ne peut donc observer de
tels effets que pour la Réunion et les Comores, et plus marginalement
pour I'tle Maurice.

Aux Comores, les DCP ont permis d’accroftre sensiblement les débat-
quements de poissons pélagiques. Cependant, cette augmentation de
production n’a pas aplani les variations saisonniéres des débarquements
mais, au contraire, a renforcé les pics de production saisonniers, entrafnant
une saturation locale des circuits de commercialisation a certaines
périodes (Rey-Valette, 1998).

A la Réunion, I'augmentation importante des débarquements et la
mauvaise structuration du marché local ont contribué i faire baisser les
prix de vente du thon de 35 F/kg a 25, voire 20 F/kg (Detolle, 1996).
En 1994, I'importante progression de la production a conduit & un
effondrement des prix et & un désintérée relatif pour les DCP. Cette crise
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commerciale a débouché sur divers conflits au sein de la filiere qui ont
€té résolus par le transfert de la gestion des DCP au comité régional de
péches au sein d’une commission pluripartite (pécheurs, gestionnaires
et scientifiques) (Ah-Niegme, 1997). Enfin, 4 la fois la progression des
prises et les modifications d'horaires résultant de la modification des
rechniques de péche ont conduit i la mise en place de scruccures de com-
mercialisation garancissant les critéres sanitaires de conservation (conti-
nuité de la chafne du froid). C'est ainsi qu'ont été créés des GIE (grou-
pements d'intérét économique, regroupant de 5 & 8 pécheurs) bénéfi-
ciant d'aides pour ['acquisition de chambres froides et de machines a
glace, afin de permettre une meilleure valorisation des produits.

De méme, on peut noter la création de comités villageois des pécheurs
et éleveurs marins de Mayotte (Covipemnm) pour stocker les excédents
qui sont ensuice revendus par une structure centrale, la Copemay ',
Enfin, & Maurice, du fait d’une forte demande intérieure en poisson
frais, I'installation des DCP n’a eu aucun effet sur les prix de vente (Ven-
katasami & Sheik Mamode, 1995).

Intégration et pérennisation des DCP :
les conditions de réussite a moyen terme des DCP
T

Dans la zone, la Réunion présente I'expérience DCP la plus stable et la
plus avancée du point de vue de son intégration sociale et halieutique.
Ah-Nig¢me (1997) identifie six facteurs qui ont semblé déterminants
dans la durabilité de 'expérience DCP a la Réunion :

° Prise en compte des réalités de la petite péche dans la conception, la
pose et la gestion des premiers DCP;

° Gestion efficace du parc DCP (fabrication et pose des DCP non disso-
ciées de leur entretien);

e Implication progressive des pécheurs dans la gestion des DCP (de la
construction des dispositifs @ la gestion du programme DCP);

e Consensus entre les différents acteurs de la péche pour dégager des
intéréts communs;

° Présence d’un environnement financier favorable ayant permis la
pérennisation du programme (adaptation des flottilles, des infrastruc-
tures portuaires, développement d’outils de commercialisation);

e Apparition de nouvelles espéces en quantité abondante et relative-
ment stable d’'une année a 'autre.

Plus généralement, la réussite des programmes DCP & moyen terme
suppose une bonne intégration dans la filiere, c’est-a-dire leur adoption
par les pécheurs avec les adaptations nécessaires pour que leur exploi-
tation s’effectue dans des conditions économiquement efficaces au
niveau du secteur, des intrants et du marché. Par ailleurs, a 'échelle ins-
titutionnelle du systéme de gestion, il convient que les DCP puissent
bénéficier de conditions sociales favorables, que des adaptations des
mesures, voire de la logique de la gestion des péches puissent tre prises

10. Coopérative des pécheurs de Mayotte.
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de fagon non seulement a éviter les conflits et préserver les ressources,
mais aussi & mettre en place les bases d'une gestion intégrée & I'échelle
du lictoral et de la bande cotigre pour laquelle une structuration forte
de la profession devient indispensable.

Conditions financiéres

En premier lieu, rappelons que, a l'exception de la Réunion et de Mayotte,
les programmes DCP ont été menés dans le cadre de programmes inter-
nacionaux. Des lors, la pérennisation des DCP a la fin de ces programmes
dépend dans un premier temps des budgets alloués par les gouvernements
et, a plus long terme, de la capacité d’autofinancement des communautés
de pécheurs. Si, a Maurice et a la Réunion, des budgets récurrents sont
alloués, aux Comores et 2 Madagascar, les ressources financiéres limicées
et 'ampleur des problemes économiques ne permettent pas une pout-
suite du programme, malgré son caractére stratégique pour 'lle, en
particulier en matiére d'équilibre nutritionnel.

Suivi, gestion opérationnelle et appropriation des structures

par les pécheurs

La mise en place d'un systeme de suivi des captures sur DCP est une condi-
tion a la fois pour l'adaptation des mesures de gestion et pour pet-
mettre une meilleure connaissance des tactiques et stratégies des pécheurs
ainsi que des comportements de la ressource autour des DCP. Cepen-
dant, la mise en place d'un suivi a I'échelle des programmes dans leur
ensemble (et non des suivis scientifiques ponctuels) reste une question
problématique, pour laquelle il existe peu d’exemples pérennes. En
effet, dans les pécheries artisanales, la dispersion des sites de débar-
quement et le nombre important d'unités de production rendent le
suivi des prises & la fois lourd et coliteux. Lutilisation de carnets de péche
distribués aux utilisateurs est délicat dans le cas de la péche artisanale
et il a donné des résultats décevants aussi bien 2 Maurice qu'a la Réunion
(Tessier & Poisson, 1997). Des enquétes au débarquement sont effec-
tuées a Mayotte depuis 1997, et ont eu lieu & la Réunion en 1987-
1988 et 1993-1994, aux Comores en 1996 et & Maurice en 1995. A
Mayotte et a la Réunion, une des solutions envisagées pour obtenit un
meilleur rendement cofic-fiabilité des données est de passer par des
structures de centralisation des captures (Covipemm, GIE).

1l est également nécessaire de mettre en place un suivi technique de l'en-
tretien et du renouvellement des DCP et des procédures de prise en
charge du colit et des actions dans lesquelles les professionnels sont
écroitement associés. En effet, on a pu montrer que la régularité de
U'entretien assurait la longévité des dispositifs en diminuant les risques
de perte, ce qui permet par 1a une réduction des cofits unitaires (une
réparation colite moins chére qu’une pose) et une économie de maté-
riel. Ces conditions supposent des transformations dans I'organisation
de la profession et des institutions publiques chargées de la gestion des
péches. Clest & ces niveaux que se joue la réussite a long terme des DCP.
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Dans le cas des programmes mis en place dans la zone, différences
formes et scructutes exiscent pour la prise en charge de la mise en ceuvre
opérationnelle (tab. 6),

Tableau 6 - Organisation de la gestion opérationnelle des DCP dans la zone.

Comores

Maurice Mayotte Réunion

Financement

PTR I +

projet FED

Collectivité locale
(conseil général)

Collecrivicé
territoriale

Ministére
des péches

Gestion financiére  PTR II + projet FED Service des péches Service des péches Ticole
+ participation des i cravers le et de l'environnement d'apprentissage
pécheurs aux frais centre de recherche marin de la direction Apropéche
d’ancrage (carburant) de péche de I'Agriculeure puis comité
ec d’entretien d’Albion (AFRC) et de la Forét régional
des péches
Mise en place Matériel mis a la AFRC Service des péches Commission DCP

et geseion
opérationnelle
des DCP

disposition des chefs
de villages et chefs des

et de 'environnement
marin de la direction
de I'Agriculrure

réunissant tous
les professionnels,
des gestionnaires

pécheurs avec le soutien
de la direction des Péches

et de la Forét et des scientifiques

(immersions)

Les conflits d'usage autour des DCP

Les conflits peuvent intervenir soit entre pécheurs, soit entre pécheurs
et plaisanciers ou péche sportive lorsque les deux populations utilisent
les DCP (tab. 5). Dans tous les cas, les conflits sont fonction de I'im-
portance de la fréquentation des DCP.

Les conflits au sein de la communauté des pécheurs

Les conflits entre pécheurs interviennent le plus souvent lorsque plu-
sieurs techniques de péche sont pratiquées autour du DCP en occasion-
nant des génes mutuelles entre pécheurs, ou lorsque la fréquentation
autour d’un méme DCP est trop importante. A la Réunion, certains DCP
sont fréquentés par une centaine d’embarcations (Detolle ez a/., 1996) et
la solution choisie devant le développement de l'activité a été d'aug-
menter le nombre de DCP, celui-ci passant de 10 en 1988 4 30 en 1998.
Dans le cas de la Réunion, les conflits d’espace entre métiers existent & deux
niveaux. Pour les DCP du large, ils ont surtout lieu avec la flottille de
palangriers. Inversement, en se rapprochant des cbtes, la mise en place de
DCP cétiers a entrainé des conflits entre la péche a la senne de plage et la
péche & la ligne & main. La mise en place de DCP par les pécheurs a la sen-
ne a rendu la ressource exploitée, le « péche cavale » (Selar crumenophthal-
nus) plus accessible & leur engin de péche. Ce conflit a fait I'objet d'un
reéglement amiable permettant de préserver les intéréts des deux métiers.
Aux Comores, il semble qu’il n’y ait pas de gestion de I'accés au DCP
mais plutbt une régulation des pratiques utilisées autour des DCP,
Cependant, en Grande Comuore, il existe un partage tacite de la bande
lictorale calqué sur ['emprise terrestre des villages, qui entraine une
appropriation des DCP, surtout cOtiers, par certains villages et qui est
ainsi générateur de nombreux conflits liés a l'origine des pécheurs et
aux techniques pratiquées (Rey-Valette, 1998).
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Les conflits entre pécheurs et plaisanciers ou pécheurs de péche sportive

A la Réunion, les DCP ont créé de nouvelles zones de péche. Ils se sont
donc bien intégrés dans le systéme halieutique et ont agrandi I'espace
maritime pouvant €tre exploité régulierement. Lappropriation des dis-
positifs n'a pas conduit a des prétentions d’usage exclusif et n’impor-
te quel DCP est accessible au pécheur professionnel qui souhaite s’y
rendre. Par contre, la compécition encre les pécheurs professionnels et
les plaisanciers a amené '’Administraction a limiter la possibilité d’ac-
ces des DCP pour les plaisanciers, sans U'interdire totalement pour évi-
ter tour risque de vandalisme. A Maurice, méme si peu de conflits ont
écé observés, il est envisagé d'installer des DCP réservés 4 la péche spor-
tive, ceci afin de limiter les interactions avec les pécheurs profession-
nels. Néanmoins, les interactions peuvent aussi étre positives lorsque
la péche sportive, en tant que premiére utilisatrice des DCP, incite, par
ses prises, des pécheurs artisans a tenter I'expérience au large.

Conclusion

La concentration spatiale de I'effort de péche qu’entraine le DCP, si elle
est souvent source de conflit dans un premier temps, peut devenir dans
un deuxieme temps, une opportunité de gestion. En effet, les DCP peu-
vent étre des outils & prendre en compte pour la gestion de I'espace lit-
roral en permettant une réparticion des acteurs sur le plan d'eau. Si
jusqu’a maintenant, les DCP n’ont pas abouti a une réelle diminution
de l'effort de péche sur les ressources démersales'! (Rey-Valette, 1998),
la situation critique des récifs coralliens des pays de la zone va obliger
les Erats & prendre des mesures de gestion contraignantes, notamment
pour les pécheurs. Afin de concilier protection et revenus des pécheurs,
les DCP cétiers ont été identifiés comme une des actions pilotes de ges-
tion intégrée de la zone cétiere lors du Programme COI Environne-
ment (PRE-COI) en se basant sur les expériences positives de Maurice
et de la Réunion (Charpy er a/., 1998). Cette orientation s’est traduite
en 1998 par l'installation de trois DCP mouillés par la coordination
nationale comorienne du PRE-COI a Itsandra et Mitsamiouli. L'instal-
lation de DCP cétiers a été aussi menée & Mayotte (Wendling, 1999) et
une telle implantation est envisagée dans la réserve de Mananara au
nord de Madagascar et en Grande Comore, en dehors des limites prévues
de la future réserve Coelacanthe (Aboudou, comm. pers.).

Les programmes DCP, comme les récifs artificiels, peuvent écre des
outils efficaces pour la promotion d’une gestion communautaire de
I'espace marin lictoral, & condition qu’ils soient planifiés et gérés avec
une pagticipation active des pécheurs. Lobjectif n'est plus uniquement
Pexploitation des ressources pélagiques, mais un objectif plus large
comprenant le développement d’une filiere de production, tout en s'in-
tégrant dans une stracégie de gestion intégrée des espaces littoraux.

11. La proximité des ressources démersales et leur prix de vente élevé attirent toujours une
fraction des pécheurs, méme si les rendements ont diminué.
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Annexe - Historique sommaire des programmes DCP
de la zone sud-ouest de I'océan Indien

Tableau 7 - Aux Comores.

1956-1960  Premiers champas en bananier puis en bambou,
d'abord destinés & la péche aux requins puis aux autres pélagiques
(thons, dorades).

1982 Projet OISO FAO : pose d'un DCP profond 4 la Grande Comore,
péche craditionnelle. Vice de construction, décruic aprés 1 mois.

1983-1984 Projet OISO FAO : pose de 2 DCP profonds & Anjouan,
péche traditionnelle.

1986-1988 PTR 1-COV/IED :
pose d'un petit réseau de DCP de modele mauricien autour
d’Anjouan pour la péche cradicionnelle.

1987-1991 Projet FED péche artisanale:
1™ phase centrée sur la Grande Comore.
Pose d'un réseau de DCP destiné 2 la péche traditionnelle.
Apres la 2¢ phase du projet : situation problématique
par manque chronique de matériel pour les DCP.

1992-1996 PTR II-COI/FED : pose d’un réseau de DCP
profonds et cotiers autour d’Anjouan.
Pour pallier en partie le manque de matériel,
le PTR I a laissé dans 10 des principaux villages
I'équivalent de 2 DCP profonds et 3 DCP cdtiers.

Tableau 8 - A Madagascar.

1987-1992 PTR I-COI/FED : programme de DCP
pour la péche tradicionnelle/artisanale sur 3 sites.
Sur la cOte est & Antalaha et Tamatave :
En raison de 1'état de la mer et la distance des DCP de la coee,
il a écé impossible d'attirer une péche traditionnelle en nombre
suffisant, ec ce, méme sur des DCP peu profonds, sur le bord
du talus continental.
Sur la cote ouest a Tuléar : ce programme comportait la pose
et le maintien de 5 DCP a Tuléar et vers le nord de Tuléar.
Seuls les DCP de Tuléar ont rencontré un succes auprés
de la péche traditionnelle.
Un stock de 10 DCP a été laissé aux services des péches
pour le remplacement et 'entretien avec l'aide d'un projet FAO.
Les DCP au nord de Tuléar n’ont écé visités
que par la péche sportive des hétels qui n'ont jamais voulu
s'organiser pour participer a leur remplacement.

1997-1999 DCP peu profonds opérationnels au Cap Masoala (Antalaha).
Ils sont posés et entretenus par un hotel et destinés a la péche
sportive commerciale.
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Tableau 9 - A Maurice.

1983

Dans le cadre du Projet tégional de la FAO,

deux DCP profonds ont écé anceés : le premier a éeé anceé
trop profond, le deuxitme a écé dérruic aprés trois jours
par les opérateurs de la péche sportive de Riviere Noire
qui avaient pris le DCP pour un engin de péche asiatigue.

1986

Projet FAO/PNUD : pose d’un réscau de DCP pour Maurice
et Rodrigue. Trois types de DCP testés, 1égers ec mi-lourds,
seuls les mi-lourds sont adaptés aux conditions locales.
Treize DCP posés la premitre année. Différentes techniques
de péche testées.

1986-1999

Ce programme continue toujours a ce jour aprés la clérure
du Projet FAO/PNUD mais sur Maurice uniquement.

1992-1996

PTR [1-COI/FED : fourniture de matériel de DCP et pose de DCP
peu profonds (200 & 400 m) sur Maurice uniquement.

Tableau 10 - A Mayotte.
1989 Deux premiers DCP installés d'aprés le modele mauricien,
durée de vie 8§ mois avec intervention de I'Ifremer.
1991 Cing DCP installés en modifiant le modele initial.
1992 Association de DCP dans lagon ec hors-lagon
pour favoriser la péche des poissons pélagiques a 'appir vivant.
1998 Relance du programme en raison

de nouvelles contraintes environnementales et démographiques
avec un nouveau modeéle de DCP (DCP « soucoupe »).
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Tableau 11 - A la Réunion.

1987-1988

Le conseil régional de la Réunion réalise une érude préconisant
I'installacion de récils artificiels pour relancer la péche artisanale,
Le projet est abandonné car jugé trop onéreux.

LIfremer propose de tester & la Réunion le modele de DCP

ayant fait ses preuves dans les eaux mauriciennes.

Le conseil régional décide de financer un programme
d’implancation de DCP. Les premiers dispositifs sont testés

avec succes en 1987, Dix DCP mi-lourds sont installés en 1988.
Ils sont construits par les chercheurs de I'Tfremer et posés

par un baceau de la Marine nacionale et par celui de I'Beole
d'apprentissage maricime (EAM). Ils sont ucilisés par les pécheurs.
Un programme de recherche visant I'évaluation des captures
autour des dispositifs est mis en place par I'Ifremer.

1988-1989

Le conseil régional maincient le financement

du programme DCP. LIfremer assure la maintenance du parc DCP
et en installe deux nouveaux. On utilise toujours le bateau de
I'EAM pour la pose des dispositifs.

1989-1991

Le conseil régional assure toujours le financement

du programme DCP. Un programme d'amélioration des DCP
est mis en place duranc 'écé austral 1989-1990. 1l vise & rendre
moins coiiteux les dispositifs ainsi qu'au test de nouvelles
techniques de péche pour les gros pélagiques. UEAM assure

la maintenance et le suivi technique des DCP. Elle stocke

le matériel de construction des dispositifs; des pécheurs
viennent y fabriquer les DCP qui seront installés a proximité
de leur site de débarquement. Deux DCP sont installés en 1989
et quatre en 1990.

1991-1994  Le secteur de la petite péche reléve maintenant
du conseil général de la Réunion. Ce dernier continue le
financement de la fabrication, de la pose, de 'entretien et du suivi
technique des DCP. Le comité technique DCP (comité régional
des péches) choisit les sites de pose des dispositifs.
La gestion du parc DCP passe de 'EAM 2 Apropéche
(association des pécheurs professionnels).
Les dispositifs sont installés par les pécheurs
sur le bateau de I'EAM. Deux DCP sont installés en 1991,
10en 1992, 3 en 1993, 4 en 1994.

1995-1999  Un pic de production  la fin de I'année 1994 fragilise le circuir

de commercialisation et la structure Apropéche disparait.

En 1995, la gestion du parc DCP n’est plus assurée et un grand
nombre d’entre eux disparaissent A cause du manque d’entretien,
Le conseil général cransfere alors les crédits d’Apropéche vers

le comité régional des péches. Ce dernier confie la fabrication,

la maintenance et la pose des DCP & un nombre rescreine de
pécheurs rémunérés pour cecte activité. Un DCP est posé en 1995,
unen 1997, un en 1998. Le nombre maximum de DCP mouillés
a un moment donné est de trente.
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Tableau 12 - Aux Seychelles.

1982 Projet OISO FAO: pose d’un DCP profond en face
de Denis Island et d’'un DCP peu profond en face de Mahé.
Cing DCP posés sur des fonds de 1500 m en métal et bambou.
Concentrations importantes de poissons observées
mais pas de suivi. Trente DCP posés sur le plateau de Mahé.
Radeaux peu chers avec des matériaux locaux,
mauvaise tenue en mer.

1984 Quinze radeaux déployés autour de Mahé, Praslin,
La Digue fabriqués en bambou et pneus. Malgré une tenue
médiocre et des sabotages, ils assurérent un complément
de production pour la péche artisanale.

1986 Deux DCP construits avec des boudes incompressibles posés

devant Bird et Denis Islands. Pas de concentrations de thons
observées.

Tableau 13 - DCP destinés a la péche industrielle.

Comores

1985-1988

PTR [-COV/FED : pose de 1 & 2 DCP profonds pour le senneur
du projet.

Madagascar

1985-1988 PTR I-COU/FED : DCP ancré dans le canal de Mozambique
pour le senneur du Projet ec les deux canneurs de 'ONUDI
dans un deuxi®éme temps.

Seychelles

1983-1988

Financement FED : pose de DCP profonds en face de Bird
et Denis Islands. Essai de péche semi-industrielle 4 la traine,
non rentable.

1984

Essai par les armements francais de largage par avion de DCP
dérivants avec bouée émettrice. Echec suite aux vols de ces DCP
par d'autres armements.

1988-1990

PTR II : programme de DCP profonds pour le senneur seychellois
Spirit of Coxe. Ce dernier n’ayant jamais été opérationnel,

une tentative d'y intéresser un des armements privés

n'a pas pu ére pérennisée.
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Abstract

The Mediterranean small-scale fleet is highly adaptive, showing a dyna-
mic fishing intensity and strategy, and exploiting seasonal abundant
resources. In this area, the aggregatory behaviour under floats of juve-
nile fish has been used since ancient times to exploit oceanic migratory
species such as dolphinfish (Coryphaena bipprrus), using Fish Aggrega-
ting anchored Devices (FADs). A total of 2300 boats are engaged in this
fishery from August to December, the main fishing areas being those
around Malta, Tunisia, Sicily and Majorca.

The FADs (~1m?) are made of different cheap floating materials, and
are moorted in fixed places, ranging from shore waters to areas 60 miles
off the coast (1500 m depth). Each boat deploys an average of 20 to
100 FADs. The gears used are special surrounding nets without purse
line, and traditional purse seine nets.

The fishery exploits young-of-the-year dolphinfish (<6 months old), ori-
ginated by a pre-spawning migration of adults from Atlantic waters.
Their catches show high annual and monthly vatiability, depending on
the recruitment and the accessibility of recruits to the fishery. Pilotfish
(Nauwcrates ducior) and greater amberjack (Seriola dumeriliy are also exploited
in chis fishery as by-catch.

A total of about 1000 metric tons of dolphinfish are yearly caught
mainly in September-October. The FADs are historically laid in August.
Recently, the FADs fishing period has increased in Sicily, and the FADs
are laid in July, so as to catch pilotfish and greater amberjak juveniles.
In recent years, the intetest for this fishing method and the study of
these fisheries has increased in the Mediterranean. Though the market
and its seasonality limit this exploitation, this fishery is economically
profitable with good revenue.
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Introduction

Mediterranean small-scale fishing is a variable activity witch fishing
intensities and strategies showing very rapid fluctuations in space and
time and highly multispecific catches. The seasonal activity of the fleets
is related to the ecology of the different species, to meteorological
conditions, tourism season, etc. In order to quantitacively assess the Medi-
terranean small-scale fisheries, one of the main problems is to evaluate
in space and time the elementary fishing efforts and yields of every
component, and their corresponding variations. These elements are
essential for the evaluations of fishing effort and global production,
which are of paramounc interest for the studies of the fisheries and
exploited resources dynamics (Farrugio & Le Corre, 1993).
Dolphinfish (Coryphaena hippurus) is exploited using FADs (Fishing
Aggregating Devices) in two main Mediterranean areas, Western Medi-
terranean (Majorca Island) and Central Mediterranean (Sicily, Malta
Island and Tunisia). This activity is practised in the same period and
by similar procedures and equipment (Galea, 1961; Lozano-Cabo, 1961;
Lleonart er al., 1999; Massuti ¢ 2/., 1999). There is no documented infor-
mation for other Mediterranean areas. These dolphinfish fisheries have
been developed since ancient times, as shown by a mural painting from
Thera dated from Minoic times. The activity in Majorca is documen-
ted from the 14ch century (Massut{ & Morales-Nin, 1997) and from
Malta from the 18th century (Farrugia-Randon, 1995).

At the end of summer and during the autumn (August-December), dol-
phinfish are caught by a large number of vessels using surrounding nets
to capture fish under the FADs typical of the Mediterranean (Bono e /.,
1998; Missaoui & Chakroun, 1997; Pla & Pujolar, 1999). The FADs are
used to increase the availability of this migratory oceanic fish resource
through the creation of productive target fishing locations. The main by-
catch ate pilotfish (Nawcrates dictor) and amberjack (Seriola dimerili).
The captured dolphinfish are juveniles (less than 6-month old) (Massut{
e al., 1999; Morales-Nin ¢ /., 1997) resulting of a local spawning in spring-
summer (Massut! & Morales-INin, 1995). The spawners are originating
from Atlantic waters (Pauly, 1987) and emigrate in the Mediterranean
when the water temperature is over 16°C (Massut{ & Morales-Nin, 1991).
The adule dolphinfish (age 1+) are also by-catch in albacore and sword-
fish fisheries (Lozano-Cabo, 1961; De Metrio et «l., 1997).

In this review paper, we describe in detail the available data on the
FADs fisheries by area and summarise the exploitation data in the Medi-
terranean. The data presented for Sicily and Majorca have been collected
in the frameworks of “Biology and fishery of dolphinfish in the Western
Mediterranean and Canary Islands area” and “Dolphinfish biological and
fishing data in the Western Mediterranean”, funded by Directorate
General X1V of the European Commission (94/031 and 95/73, respec-
tively). The data from other Mediterranean areas have been presented
during a symposium held as a part of the above mentioned projects.
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Fleet and fishing operations

Majorca Island

In Majorca, around 45% of the small-scale fleet are engaged in three
main seasonal fisheries directed to Aphia minnia from December to
March, Palinusus elephas from March o August, and Coryphaena bippurus
from August to December. Other small-scale fisheries developed at the
Island are cargeted on cuttlefish (Sepia officinalis), common seabream
(Pagrus pagrus), common dentex (Dentex dentex), great amberjack (Seriola
dumerili) and squid (Loligo vilgaris), using a combination of different
gears (Galea, 1961).

The fishing ports, FAD mooring areas and FAD number by area in
Majorca Island are shown in figure 1. A total of 46 boats took part in
this fishery in the 1995 fishing season and 37 in 1996. On average, the
boats are small, with 8.3 m mean length, 5.6 GRT displacement and
64.0 HP of engine power. Except in Port de Sollér, all the boats are
equipped with one or two hydraulic net winches. The fishing master
(generally the owner) and one or two fishermen are aboard these boacs,
except in Port de Sollér where the crew is more numerous (4 or 5 men).
The number of boats per port is around eight, except in Palma (3) and
Port d’Andracx (4). The available data for ten years show a more or less
constant boat number with a mean of 50 boats per year directed to
this fishery.

Each year the individual mooring places (fig. 1) inside each mooring
area are distributed by port among the boats registered for the year’s
fishery. Bach boat deploys on average 30 to 40 FADs at its mooring
location, except Port de Sollér with 20 to 28 FADs per boat. This port is
exceptional because after fishing in the mooring areas, they spend most
of the time looking for drifting floating objects and fish around them.
The mooring areas of each port are located at depths over 70 m and may
reach a maximum of 1,200 mecres. All harbours have one mooring area
per boat (fig. 1), except Port de Pollensa and Cala Rajada where there are
two. The mooring areas of Port d’Andratx, east of Dragonera Island, and
of Palma on Palma bay, are not used due to conflicts with the longline
fishery for swordfish (Xiphias gladins) (aveas with lighter shadowing, fig. 1).
In Majorca each boat visits daily at sunrise its FADs, weather permitting.
Once the presence of fish is detected under the FADs, using a trolling line
or visually, a quick haul is carried out with the net close to the FAD on
the boat board side. If the weather is calm and if there is no current,
the haul is done around the FAD. If the catch is insufficient, the fisher-
men search for floating debris to increase it.

The fishing areas may be visited again at sundown depending on the
daily catch and dolphinfish abundance. The success of the first fishing
operations of the day determines the number of FADs which are visited.
The fishermen may choose only a past of the mooring area for fishing,
depending on wind and current conditions, or on their estimate of che
place with best chance of a catch.
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Figure 1

Traditional mooring areas,
number of FADs by area and
fishing ports on Majorca
Island. Lighter shadowing:
areas not used {from
Lleonart et al., 1999).
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The gear for dolphinfish is a special surrounding purse net without a
putse line, called “llampuguera”. The average net size is 180 m length
and 16 m depth (Massuti & Vidal, 1997).

Sicily Island

The boats of West Sicily (57) have an average overall length of 9.85 m
and a gross tonnage of 5.76 tons, while those of East Sicily (168) have
an average of 11.41 m and an average gross tonnage of 10.42 tons. The
low average size of the boats of West Sicily is due to some small boats
which fish near the coast. The fleet of East Sicily is represented by lar-
ger boats which only perform this type of fishing for a limited period
of the year. In other periods, they engage in fishing activities in which
the length, tonnage and engine power have considerable importance, such
as longline and drifting-net fishing for swordfish, and purse seining for
small pelagics. In West Sicily, the smaller fishing boats are engaged in
fishing dolphinfish from September to December. During the other
months, they fish using “tremel-net”, bottom longlines or gillnets and
drift-gillnets for small and medium-sized pelagics.

Figure 2 shows the geographical arrangement of the FADs per port;
the lines have been drawn on the basis of knowledge of the co-ordinates
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Figure 2

Mooring areas by ports

in Sicily. The lines indicate
the position of the groups
of FADs (from Potoschi

et al., 1999).
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of the two outer FADs, the total number of FADs and the average distance
between the FADs. Each line represents the fishing area by single
fisherman.
Depending on the area, the FAD deployment varies. Thus, in the Cas-
tellamare Gulf, the boats lay approximately 110 FADs in a corridor of
sea extending between 0.5 km and 11 km from the coast. The FADs
are spaced 300 m apart and are examined periodically, weather per-
mitting. In Capo San Vito-Capo Feto each boat lays about 50 FADs. The
area whete the FADs from San Vito Lo Capo fleet are deployed extends
through an arc of 180° and a radius of about 25 km with Capo San Vito
in the centre. The FADs are laid wichin this area depending on the
depth, as the fishermen do not lay them over 500 m depch. In West
Sicily about 50 FADs are moored in August. The FADs used in the
Pelagic Islands are very similar to the Maltese ones. These FADs are
moored in a strip stretching from the coast for 40 km, following spe-
cific routes. Each boat drops between 10 and 50 FADs spaced about
300 m from one to another. Fishermen usually go out at dawn and
return at dusk, after having examined all the FADs.
In the Tyrrhenian Sea, the fleet uses anchored FADs except in Termini
Imerese and Porticello where the boats use drifting FADs. In the case of
these latrer fleets, the area fished is much larger than the area occupied
by anchored FADs. In the zone between Capo Milazzo and Capo di
Orlando, the area where the FADs are distributed is bounded in the
north by the Aeolian Islands, which also represent the limit of FADs
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positions for the Tyrrhenian area (fig. 2). In chis acea, the cotal number
of TADs used by each boat ranges between 40 and 80, and the mooring
anchorage depth does not exceed 600 metres. In the lonian coast of
Sicily, the sea is deeper, thus positioning FADs is more difficult due to
the amount of wire needed to secure them to the sea bottom and to che
weight of the ballast required. There are 60 to 100 FADs per boat, and
the distance between them is approximately 800 m, the anchorage
depth may overpass 1,500 m (Pla & Pujolar, 1999). The total number
of FADs has strongly increased in the recent years (6,000 in 1990, 13,000
in 1998, 19,000 in 1999). This increase is due to the irregular drift net
catches and the biological closure of some pelagic fish fisheries.

The typical net used in Sicily, known as “lampugara” or “caponara”, has
a length of 180 m, a height of 45 m, one float every 0.14 m and
900 weights weighing 90 kg in all. Though not corresponding exactly
with the dimensions of the vessels, the dimensions of the nets increase
generally with their gross tonnage.

Malta Island

The dolphinfish is one of the more important species for the economy
of the Maltese fishing industry. In fact, until the recent years, it was
the most important fishery due to its traditional interest on the local
market and the abundance of catches which regularly occur each year
(Bussuttil, pers. comm.). Most of the Maltese fleet operate in coastal
and small-scale fisheries and very few operate in larger scale or in open
seas (Galea, 1961). In 1998, the total number of fishing licensed ves-
sels were 1792 (1475 in Malta and 317 in Gozo). Beyond these only
47 overpass 15 m in length. The larger induscrial vessels are mainly
trawlers, longliners and netters. All the other smaller vessels are consi-
dered as multipurpose and undertake different types of seasonal fishing
activities, including dolphinfishing. The total number of boats and
fishermen currently involved in this fishery are 111 boats and 550
fishermen (Potoschi & Scturiale, 1996).

During the month of May, all boat owners whose craft is longer than
6m are invited to submit applications for the allocation of a fishing
site. When all applications have been received, these are apportioned
into different ports/districes. A licence for using a particular fishing site
is then issued by the Department of Fisheries. The FADs are laid from
Ist of August but the fishing season starts on the 16th of August and
ends on the 31st of December. In 1998, 98 sites were allocated all
around the island except for a corridor for swordfish and cuna longline
fishery, as indicated on figure 3. The sites start from 7 miles offshore at
intervals of a half or three quarters of a mile depending on the district
(Potoschi & Sturiale, 1996). The largest number of fishing sites allotted
was 140, but along the years, some fishermen started opting to target
other commercial species and, as a consequence, the number of appli-
cations for “lampuki” fishing has dwindled to 86 in 1999 (Bussuctil,
pers. comm.).

189



Session 1 - Synthéses régionales

Each boat uses a minimum of 35 FADs (kannizzacta) at visible distance
from each other along routes called “rimja” (fig. 3) (Farrugia-Randon,
1995). Since mechanisation of che fleet, the number of FADs deployed
by boat has increased notably from 20 to a mean of 35, although the
larger boats may lay much more FADs (200 sometimes) along the fishing
site (Bussuctil, pers. com.).

14"1,0' N | 14‘:30’
Figure 3 t ! '
Mooring areas off Malta
(from Farrugia-Randon,
1995). \
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Swordfish corridor

The dolphinfish are caught by surrounding nets similar to purse seines
but without the purse rings (Galea, 1961). The size of the nets depends
of the size of the operating boat, but the overall length appears gene-
rally o measure about 210 metres. When the boat is near a FAD, various
trolls made ourt of feathers or artificial bait are set and when one fish
is caught, a decoy dolphinfish is thrown into the sea to attract any
others that may be present under the FAD. When the number of fish
present makes it worchwhile, the surrounding operation is then undet-
taken. Other dolphinfish fishing methods include trolling (catching the
fish with a moving lure) and surface longline (Farrugia-Randon, 1995).

Tunisia

Dolphinfish fishery is carried out along the whole Tunisian coast (fig. 4),
and constitutes an important resoutce for the small-scale {leet. The main
fishing areas are concentrated around Cape Bone (off the Beni-Khiar
port), in the Sahel (around the Mahdia port), and in the most southern
area (around the Zarziz port). Like in other areas of the Mediterranean
(Galea, 1961; Massuti & Morales-Nin, 1991), chis fishery is seasonal,
extending from the second fortnight of August to early December

(Vella, 1999).
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Figure 4

Mooring areas, fishing ports
and landings by port

in Tunisia {from Zaouali &
Missaouri, 1999).
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Harbours:

1- Tabarka
2-Bizerte
3-Raf raf

5- La goulette
6- Sidi Baoud
7- Kelibia

8- Benikhiar

10- Essaloum
11-Hergla
12- El Kantaoul Fishing grounds:

15- Monastir Occasional

16- Sayada
17-Teboulba
18- Bokalta
19- Mahdia
20- Salakta
21-La Chebba
22- Kerknnah

24- Gabés 24
25- Zarat
26-H. Souk
27- Zarziz

A total of 260 fishing boats from 20 harbours are directed to this
fishery (fig. 4). The major part (72%) is concentrated along the central-
eastern coast (around 30 boats in each port), while the rest is distributed
along the northern (10%, 20 boats per port) and the southern coast (18%,
30 boats per port). In chis last area, there is a matked tendency for an
increasing efforr (Vella, 1999).

In average, the boats are 11 m length, and propelled by 45 HP motors.
In some ports as Monastir, they ate equipped with a winch to haul the
net. Five {ishermen are aboard.

Each boat uses between 17 and 75 FADs during the whole fishing season.
They are grouped in rows, with an interval of about 50-80 m between
two FADs, the first one having a mark so as to recognize its owner from
a certain distance. Each group has the name of the boat and an order
number showing its place at sea (generally referred to GPS). The TADs
are mainly anchored in areas from 30 to 60 m depth, although in some
ports of the southern coast they can reach 180-m depch and around
60 miles off the coast (Vella, 1999).
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Figure 5

FADs used in the
Mediterranean.

a) Malta and Majorca;

b) Drifting FADs;

¢) Tyrrhenian Sea

{from Massuti & Morales-Nin,
1991, Potoschi &

Sturiale, 1996),
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The gear used is a surrounding net without purse line (called “lam-
boukara”), 200-300 m long and 15-35 m high made of high-density
polyamide monofilament. Fishing operations are carried out at sunrise,
and the dolphinfish schools detection is made by observing the birds
flying around FADs, the movement of the water surface, or by trolling

line (Vella, 1999).

FADs

The traditional FAD used in Malta (cima), Majorca (capcer) and Sicily
(cannizzi) consists of a cork float with some palm fronds or bush branches
tied on top for location and below to increase their surface. The compo-
sition and form of the FAD may vary from the traditional cork to a group
of tyres, being the material selected for its characteristic of floating
just below the surface and its cheap price. The entire FAD is moored
to an anchor typically made of one or more large stones or anchor
blocks. Drifting FADs are occasionally used (fig. 3).
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Figure 6

Landings in Majorca.
Annual time series from
1981 t0 1997.

Session 1 - Regional syntheses

The most common Fish Aggregating Device (FAD) used in Tunisia is
the “ghanatsi” or “jrid”. It has a trapezoidal or V-shaped wooden frame,
about one metre long, 20 c¢m in the highest part and 60 ¢cm in the
widest one. Some palm leaves are disposed in the middle (Massuti ef a/.
1999). In some cases, plastic sheets may replace cthese palms. Each unit
has a rope with a ring attached to the ballast (a concrete block of 20-
70 kg) in one end, and to some floaters (usually 5-licre empty plastic
bottles) in the ocher. There is a simplified version, called “chefchaa”,
used in Cape Bone, which is made only with three fan-like disposed palm
leaves, with the spines covered by plastic in order to protect the net

(Vella, 1999).

Catch data

Majorca Island

A historic data series for the annual landings from 1981 to 1996 inclu-
sive, shows wide fluctuations, from two metric tons to more than
120 mt, with a mean of 63, a standard deviation of 35, and a slightly
increasing trend (4 tons per year, r*> = 0.3) (fig. 6). The 10-year historic
monthly data series of cacches from 1987 to 1996 fishing seasons shows
the concentration of the main catches in September-October. The effort
data for this period shows that the fleet has remained stable at around
50 boats.
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Sicily Island

The catch data of dolphinfish for 1996 is shown in figure 7. The values
included show that out of a total of 377.4 tons caughe in Sicily, the
highest value correspond to October, where the 158 tons represent
41,86% of the total catches for the 1996 fishing season. In these catches,
22.29 tons are landed by boats of Termini Imerese and Porticello which
fish by sighting the shoals which gather under the drifting floating
devices. This represents 5.9% of the cacches made with FADs.

193



Figure 7
Monthly landings (in tons)
in Sicily for 1996.

Figure 8

Annual time series of Malta
landings (in tons)

from 1980 to 1998

(data from Bussuttil,

pers. comm.).
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The annual landings of dolphinfish since 1980 are illustrated in figu-
re 8 (Potaschi & Sturiale, 1996). These statistics show a seasonal peak
in dolphinfish landings between September and October and a longer
fishing period than in other areas with catches on January (2%).
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The fishing effort has decreased (169 fishing licenses and sites in 1985
to 96 in 1998) due to the dedication for more profitable fisheries such
as swordfish and tuna, which have developed recently (Farrugia-Ran-

don, 1995; Vella, 1999).

Tunisia

Year landings of dolphinfish in Tunisia have increased progressively
during the two last decades, following the increase on fishing effort
observed in the fishery (Massut{ ¢z #/., 1999). From 1990 to 1997, they
ranged between 125 tons in 1992 and 417 tons in 1995 (fig. 9a), with
an average vield around 300 tons. The monthly distribution of the
catches (fig. 9b) shows the seasonality of the fishery (from August to
December), with the bulk of landings (>70%) in September-October

(Vella, 1999).
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Figure 9

Landings in Tunisia.

a) annual time series
from 1990 to 1997.

b) mean monthly catch
{from Zaouali & Missaouri,
1999).
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Together with the dolphinfish, pilotfish and amberjack are also captured
as by-catches, but in much smaller quanticies. In Majorca, the amber-
jack registered landings on the Central Whatf are overestimated due to
the fishermen practice of rearing the live juveniles and selling them later
with better mean weights. The pilotfish landings in Majorca show great
interannual variations with values ranging from 0.9 to 30.5 mettic tons
(fig.10a). The time series of the landings for Malta show the same varia-
bility for pilotfish and amberjack (fig.10b), which represented 3.6% and
1.6%, respectively, of 1998 landings of dolphinfish fishery (Bussuttil,
pers. comm.).
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Figure 10

By-catch of dolphinfish
fishery.

a) Majorca pilotfish landings;
b) Malta pilotfish

and amberjack landings
{Malta data from Bussuttil,
PErS. COMM.).
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Legt composition of the catch

The length composition of the catches in Majorca Island range from
20 to 64 cm fork length in 1995 and from 23 to 64 cm in 1996. In
both years, the mean monthly length increased through the five-month
sampling period. The length composition showed 2-3 modes per month,
including a mode of small fish at the end of October and November
1995 (fig 11). The length composition of the catch in Sicily was com-
prised between 20 and 60 cm fork length. The dolphinfish fast growth
rate appears clearly in these length compositions when the modal length
evolution by forenight is considered.

Sicily fishery economic analysis

Methods

In the 1996 dolphinfish fishing season with FADs and purse seine all
the boats dedicated to this activity in Sicily and in the Pelagic Archi-
pelago were counted in a census. In 5 sample ports (Lampedusa, Linosa,
Trapani, Sant’ Agata di Militello and Siracusa) catches and the fishing
effort were taken through interviews during landing, based on samples
in time and space or based on a census. In addition, average prices per
week paid to fishermen were taken through direct observation, as well
as boat running costs by interviewing shipowners. In 4 of the 5 sample
ports (Linosa, Lampedusa, Siracusa and Sant’Agata di Milicello) the
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Figure 11

Evolution of the monthly
length composition

of the catch in Majorca

for 1995, Continuous line:

1st fortnight; dotted line:
2nd fortnight,

10 A
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surveys were carried out through a census in space and time; in practice,
it is by intetviewing all the fishermen every fishing day, except in
Trapani where the surveys were carried out through sampling in space
and time, that is most of che fishermen being interviewed three times
a week (Mondays, Wednesdays and Fridays).

Costs have been gathered in four categories:

e Running costs: fuel, oil, ice, spare parts and repairs;

o Cost of fishing gear concerning the whole cost of the FADs;

» Cost of capital including depreciation and opportunity costs;

e Labour cost estimated according to the cost principle opportunity.
Repairs include both ordinary and special maintenance changes. The
term “capital” means the value of the boat, inclusive of gear and faci-
lities. The opportunity cost of capital has been calculated by assuming
that the capital stock value of the fleet would be invested in treasury
bonds only during the months dedicated to the dolphinfish fishing
(1 September 1996-31 December 1996). This principle has been also
used to estimate the labour cost on the basis of the following reasons: the
Italian system adopted by the fisheries to pay crew members is said to
be “onalay”. With this system, the net revenue (gross revenue less some
running expenses) represents the whole revenue which is divided fifty-
fifty between the shipowner and crew members. It’s clear that this
system has some difficulties in checking salaries. So we have assumed
that fishermen could be alternatively employed in the agriculture sector
and we have estimated the daily salary for a fisherman with the daily
salary of a farm-hand. On the basis of that principle, we believe that
an average monthly salary is underestimated in comparison to che one
actually received through the system of being “on a lay”. The revenues
have been estimated by multiplying weekly catches and prices. The eco-
nomic rent has been estimated by the difference between revenues and
costs. Prices, costs, revenues and economic rents have been estimated
in Ecus (1 Ecu=US$ 1.1).

Cost analysis

In the Pelagic Islands of Linosa and Lampedusa, the prices of dol-
phinfish are generally lower than in the most important ports of Sicily,
for two reasons: lack of an internal market and transport costs. They
are fixed through negotiations between fishermen and wholesalers.
Linosa and Lampedusa fishermen sell the majority of the catch to a
local warehouse with whom they have a privileged relation, which in
turn carry the fish by ferry to Sicily, where it is distributed by Porto
Empedocle, Catania and Palermo wholesalers. A small quantity of catch
is usually sold locally. In 1996 in Lampedusa, wholesale prices were
steady during the fishing season, because fishermen fixed them at the
beginning of the season, in agreement with the wholesalers. In Linosa,
the wholesale price was 2.1 Ecus until 10 September and 1.5 Ecu for
the remaining patt of the season. By the middle of November, it is
no longer convenient for dealers to pay dolphinfish at 2.1 Ecus per
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lilogramme, as at the beginning of the season. Therefore, che fishermen
from Lampedusa were forced to stop fishing. In 1996, the average who-
lesale price for dolphinfish varied in the most important ports of Sici-
ly, from a minimum of 3.0 Ecus to a maximum of 6.2 Ecus in Siracu-
sa. In Siracusa and in Sant’Agata the wholesale prices are higher chan
in the other analysed ports, because in Eastern Sicily the dolphinfish
demand is much higher. In Siracusa, the average wholesale price was
about 5.2 Ecus with a maximum of 6.25 Ecus and with the minimum
being 4.15 Ecus. In Sant’Agata and Trapani, the average wholesale
prices were respectively of about 4.18 Ecus and 3.55 Ecus.

The highest prices wete at the beginning of the fishing season because
of a strong demand, subsequently there was a decrease. Generally the inter-
action between demand and offer gives rise to small price fluctuations.

e From the analysis of the total costs registered by the fleets dedicated
to the dolphinfish fishing it is deduced that labour costs have a greater
impact than any other costs do. On average, it affects the total costs by
33 per cent. The minimum impact is recorded in Trapani, whose fleet
is composed of small boats which require 2 or 3 fishermen at most,
whereas the greatest impact (34%) is recorded in Linosa, Sant’Agata and
Siracusa; nevertherless, in Linosa the large impact of labour cost is not
connected to the structure of the fleet, which is also characterized by
small size boats, but rather to the small impact of other costs.

e Running costs (Siracusa, Lampedusa, and Trapani) or the cost of the
fishing gear (Sant’Agata, Linosa), after labour costs, have a less impact
with fewer percentage points. As far as running costs are concerned, fuel
consumption cost is the common feature for all the fleets under consi-
deration, being the highest share. It affects running costs at a level of
72% on average, varying from a minimum of 60% in Linosa and a
maximum of 81% in Siracusa, depending on the amount of hours spent
at sea and of the struccural features of the fleet.

In Linosa and Lampedusa, running costs have been noticed lower than
in the other ports because of the small size of the boats, the closeness
of fishing areas and the higher repair costs.

Maintenance charges have little impact on running costs. They vary
between a minimum of 14% in Siracusa and a maximum of 36% in
Linosa.

° The cost of FADs has an average impact of 23% on the total cost. It
is not a fixed cost being a disposable tool, which means that it is com-
pletely exploited for only one fishing season. The total cost depends on
the number of boats and on the number of “kannizzi” at sea, referring
to the entire fleet dedicated to dolphinfish fishing. In 1996, each boat
lowered an average of 48 FADs with an average cost of 36.3 Ecus per
“kannizzi”. Sant’Agata fleet has moored the greatest number of FADs,
about 65 per boat on average.

e The capital cost, whose average impact is 20% of the total costs, has
been subdivided into depreciation and opportunity costs. Since all the
boats employed in the dolphinfish fishing are older than 10 years, they
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are completely depreciated and so che depreciation is referred to gear
purchased during previous years. The average net race of the Treasury
Bonds in the period 1 September 1996-31 December 1996 was 5.86%
and the opportunity cost of the capital has been calculated by assuming
that the capital scock value of the fleet would be invested in State Bonds
(Treasury Bonds) in the previously period and rate. The opporrunicy
cost varies from a minimum of 1.214 Ecu in Lampedusa (where only 2
boats practise dolphinfish fishing) to a maximum of 15,668 Ecus in
Siracusa. If we compare the value of the opportunity cost with the value
of the yield, it is clear chat investing in {ishing dolphinfish is more
profitable than investing in State Bonds. For example, in Sant’Agata
the yield is equal to 94,973 Ecus, instead the opportunity cost is equal
to 11,224 BEcus.

Analysis per port

In 1996, in the islands of Linosa and Lampedusa, the good results
obrained in the previous season convinced the owners of the boats
practising dolphinfish fishing to purchase new gear and to moore a
greater number of “kannizzi”. Two new boats were induced to practise
this kind of fishing, attracted by the prospect of gaining high incomes.
However, the gross incomes gained in that season were not as expected.
As a matter of fact, in Lampedusa the total income was 9,797 Ecus,
whereas the highest income was reported in Linosa with 56,458 Ecus.
In both islands, since the price was, more or less, constant (only in
Linosa there was a fluctuation from 2.07 Ecus to 1.55 Ecu from the first
to the second half of October) the state of the incomes was in relation
with the catches. In Linosa, the highest incomes were gained in the second
half of November and were equal to 12,227 Ecus, whereas in Lampe-
dusa they were only of 3,237 Ecus (equal to 26%).

In Trapani, Sant’Agata and Siracusa the total incomes were higher:
69,970, 222,382 and 463,196 Ecus, respectively. In those ports, the
price was not constant, although the interacting of demand and offer
caused some small price fluctuations, so that the state of the incomes
was mostly influenced by the trend of the catches. From the analysis of
the incomes in time, it appears that in three ports (Linosa, Sant’Agata
and Trapani), the highest income was gained in October, as a result of
the greater quantity of fish caught in comparison to the other months.
The yield is equal to the difference between the total income and the
total costs. Among the five ports under consideration (tab. 1), it turns
out that the yield, as percentage of the total income, varies from a
minimum of 10% in Lampedusa to a maximum of 46% in Linosa. In
1996, in Lampedusa the fishing of dolphinfish was not very profitable
as a result of the fall of catches in comparison to the previous season.
In the other ports, this activity shows a good yield, although it is to
be considered inclusive of tax. The good results obtained in Linosa are
owed to both catches (they represent 33% more of those ones obtained
by an equal number of boats in Trapani) and mostly the impact of the
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total costs on total incomes, which show the lowest value (549) in
comparison to those observed among the other ports. Whereas in Linosa
and Lampedusa the fishing of dolphinfish is a relatively new business,
it is instead an ancient tradition among the other ports under consi-
deration. In particular, in Sant’Agata and Siracusa, such activity has signi-
ficant importance from an economic point of view. As a matter of fact,
prices are usually higher there and the boats employed in the fishing
of the dolphinfish are more numerous and longer. Only in those two
ports che toral catches are about 70 per cent. However, in Siracusa,
even though catches were abundant, the high impact of the total costs
on the total income (70 per cent) owed to cthe fleet structure, eroded
the yield that was equal to 30 per cent. In Sant’ Agata and Trapani, the
yield was 43% and 39%, respectively.

Table 1 - Economic aspects on some Sicilian dolphinfish ports. a) Total costs.
b) Running costs. ¢} Economic rent (from Cannizzaro et al. 1999).

@ Lampedusa - Linosa Trapani = Sant’Agata Siracusa
Running costs 27% 14 % 27 % 20 % 31 %
Cost of fishing gear 18% 29 % 23 % 31 % 18 %
Labour costs 32% 34 % 30 % 34 % 34 %
Cost of Capiral 23% 23 % 20 % 15 % 17 %
Total costs 100% 100 % 100 % 100 % 100 %
b Lampedusa- - Linosa Trapani = Sant’Agata’ Siracusa
Fuel costs 69% 60 % 75 % 75 % 81 %
Oil costs 4% 4 % 5 % 5 % 5 %
Repairs 27% 36 % 20 % 20 % 14 %
Running costs 100% 100 % 100 % 100 % 100 %
[ Lampedusa. - Linosa Trapani- . Sant’'Agata Siracusa
Running costs 25% 7% 17 % 12% 22 %
Cost of fishing gear  16% 15 % 14 % 18 % 13 %
Labour costs 28% 18 % 18 % 19 % 23 %
Cost of Capital 21% 13 % 12 % 8% 12 %
Total costs 90% 54 % 6l % 57 % 70 %
Economic Rent 10% 46 % 39 % 43 % 30 %
Gross Revenue 100% 100 % 100 % 100 % 100 %

We can finally say that, except Lampedusa in which the fishing season
has not given interesting results (Cannizzaro ¢f a/., 1996, 1997, 1999),
dolphinfish can be considered in Sicily as a species which gives good
profits, assuring one of the highest economic rent rate (from 30% to
46%) in the fishery market from September to December. At the moment,
dolphinfish is only freshly-marketed, within the EC countries, in Sicily
and in the Balearic Islands (Morales-Nin e #/., 1995; Missaoui & Cha-
kroun, 1997). Probably a price rise caused by an increase in demand,
which it might happen if the dolphinfish market would be expanded both
freshly and preserved in the other European countries, could persuade other
fishermen to catch dolphinfish instead of other overexploited species, as
for example swordfish between August and December (Cannizzaro ¢f /.

1996, 1997, 1999).
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Figure 12

Effort along the fishing
season on Majorca for 1995
and 1996 measured

in fishing days and FADS
number {from Lleonart

Session 1 - Syntheses régionales

Population evaluation in Majorca

Measuring dolphinfish fishery effore is not easy, due to the aggregacory
behaviour of the species and the natute of the fishing operations. The
number of FTADs, hours fishing and fishing days in 1995 and 1996 have
been collected by means of log books distributed to the fishermen
(Morales-Nin ef a/., 1995; Missaoui & Chakroun, 1997). After some pre-
vious analysis, the mean number of TADs and fishing days per week have
been used as a measure of the effort. The evolution along the fishing
season shows a sharp increase at the beginning of the season and a slow
decrease at its end (fig. 12). In 1996, due to the bad weather, the effort
was lower because of the impracticability of the fishing method in
rough sea conditions and to the loss of FADs.
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A VPA analysis with the week as the time unit was carried out by Lleo-
nart er af. (1999) based on weekly catch data for 1995 and 1996 and
dolphinfish bioclogical parameters. The time series of landings and
effort and the results of the 1995-1996 study, showed marked fluc-
tuations in catch and abundance. Since fishing exploits juvenile age-0
fish, it is reasonable to expect the combined effects of recruitment
variability, and accessibility of recruits to the fishing grounds/fishing
gear, to give rise to significant differences.

The reported steady increase of dolphinfish catches in other areas (Cad-
dy, 1990) is also found in Majorca. Alchough the trend is obscured by the
strong periodic fluctuations observed. The trend should be independent
of an increase in effort, because the number of boats has remained constant
since 1984 and the gear and fishing operations are traditionally the same.
The fluctuations might be due both to failures of the annual spawning
of the species in Mediterranean waters, and/ot to the recruitment of the
species and also to the fishery (fig. 13). In the Mediterranean, and other
subtropical fish populations, where the first-year classes are intensively
exploited and where annual catch fluctuations are observed, the ulti-

202



Session 1 - Regional syntheses

Figure 13 mate explanation must be sought in the underlying environmental
VPA analysis on the factors. They control the “recruitment windows” and are more relevant

dolphinfish population that the existence of large or small spawning peaks (Morales-Nin ez
of Majorca for 1995 &

and 1996 (from Lleonart al., 1999).
el al,, 1999).
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In otrder to evaluate the fishery impact upon che dolphinfish popula-
tion mortality, several issues should be considered. Some of them depend
upon the fishery itself, such as the small boat size, the characteristics
of the net and fishing operations, and the distance of the fishing areas
from coast. All made the fishery very sensitive to bad weather, In 1996,
the amount of fishing days decreased sharply due to very bad sea condi-
tions on November-December (Iglesias ez #/., 1995; Morales-Nin ef a/.
1995). The dolphinfish biology and distribution are also very relevant.
For instance, the decrease of captures due to bad weacher in 1996 should
also depend upon the fish distribution in relation to land. Probably
during bad weather the fish remain further offshore.

Other important biological characteristics are: 1) the exploited fraction
of the population is composed of O-age class fish originated in the area
with very fast growth rates; 2) dolphinfish is very mobile and may
enter and leave the fishing area many times during the fishing season;
3) it is a migratory fish which will depart when the water temperature
decreases and when it reaches an adequate size for migration. These
characteristics have importance for the real value of M, but are difficult
to quantify.

More precise evaluation models should consider the size of the popu-
lation not attracted by the FADs, the rate of arrival of fish to the FADs
and the time of residence. However, in the management of the fishery,
the socio-economic aspects and the market have to be considered as
management options.

Conclusion

In the Mediterranean, the dolphinfish catches have increased in recent
years (Caddy, 1990). This fishery is a traditional activity with at least
100-year duration in Majorca although this fish is mentioned since the
14th century (Massut{ & Morales-Nin, 1997). In this island effort, as
number of boats, has remained constant in the last 15 years. The rela-
tive importance of this fishery during the 5-month fishing period,
ranges from 6.2% of the fleet engaged in Malta to 45% in Majorca.
However, in Sicilian Seas, dolphinfish has been fished for many years,
but the fishing areas were limited and the fleet engaged in this activity
was small. In recent years, there has been an increase of the number of
boats with a consequent expansion in the areas for positioning the FADs
which from the southern Jonian Sea has extended to the northern part,
the southern Tyrrhenian Sea and West Sicily. This increase is also notable
in Tunisian waters, while in Malta the effort directed to this fishery has
decreased from 169 boats in 1985 to 96 in 1997. From the total of 1,206
metric tons captured in 1996, 35% correspond to Tunisia, 31% to
Sicily, 249% to Malta and 11% to Majorca. These landings correspond
to the effort directed to the fishery, in number of boats as well as in
number of FADs deployed (tab. 2).
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Table 2 - Summary of the available data on boats and gears used in the dolphinfish Mediterranean fisheries.

Area Nb Crew " Mean = GR[ . HP Total Nb Depth Net size

of boats length nb FADs  FADs/boat (m) (m)
Majorca 36 2(4) 8.3 5.6 64 1156 30-40 70-1200 180x16
Sicily 225 2-4 11.01 10.12 122 21920 10-110 <800 180-216x45-72
Malta 111 5-8 >6<15 - - 15000 >35 - 175x10
Tunisia 260 S 11 - 45 27300 17-75 30-180  200-300x15-35

The catch systems used have not undergone substantial technological
changes compated to the equipment of the past. Over recent years, the
conviction has prevailed among Sicilian fishermen that by increasing
the decoy factor (number of FADs), the catches must increase propor-
tionally. This may be considered when historical series of catch and
effort are available. A strong interannual fluctuation occurs in all areas,
which might be similar to the general decrease of landings in 1992, or
fluctuate independently. This variability is linked without doubt to envi-
ronmental factors related to ethological and biological aspects of the
species, whose presence in Mediterranean waters records scheduled
periods of disappearance.

Although dolphinfish offer a good economic revenue, the marked and
the distribution channels limit the exploitation. However, the popu-
lation analyses have shown that the fishery is based upon the annual
recruitment. This warns off the enormous impact of possible recruitment
failures in the population. These possible failures could explain the falls
of the catches registered during some years. These recruitment failures
could be due, among others, to changes in environmental parameters
and their effect in the recruitment pattern. Nevertheless, we cannot
rule out other causes, such as resource availability due to modifications
in the behaviour pattern, which also constitutes a failure of recruitment
to the fishery; the ultimate cause being changes in the environmental
parameters. Therefore, this indicates the necessity to intensify the
studies directed towards determining the environmental influences on
the population dynamics.
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Session 3 - Méthodes de péche associées
aux DCP

Président : Marc Taquet (session 2) - Président : Roger Lise (session 3)
Rapporteur : Aymeric Désurmont

La session 2 « Technologie des DCP » concernait essentiellement les
DCP ancrés dans les grandes profondeurs et destinés a la péche artisa-
nale. Les différentes présentations ont donné un apetgu de la grande diver-
sité des systeémes utilisés & travers le monde, dont le DCP ultra-léger, d'une
valeur de 2000 francs frangais, utilisé par les pécheurs guadeloupéens et
le « nirai », d’'une valeur de 6 millions de francs francais, utilisé par les
pécheurs d'Okinawa au Japon constituent peut-écre les extrémes. Les
principaux sujets abordés lors des débats sont résumés ci-dessous.

Les contraintes liées A 'environnement (profondeur, vents, courants),
les réglementations locales (balisage, possibilité ou non du mouillage
de DCP privés) et le type de gestion et de financement des DCP (privés,
communautaires ou publics) ont été évoqués pour expliquer la diversité
des systeémes utilisés.

La fragilité de la partie supérieure des mouillages a écé identifiée comme
un probléme commun 4 de nombreux programmes, particulierement
dans les endroits o les techniques de péche profonde (palangres ver-
ticales, péche & la ligne dérivante, etc.) sont couramment employées.
Il a été suggéré que les efforts déployés pour l'amélioration des sys-
témes portent en priorité sur cette partie de la ligne.

Pour continuer d'améliorer la conception des systémes, plusieurs actions
ont écé suggérées :

- favoriser les échanges techniques entre les organismes participant a
la mise en place de programmes DCP 2 travers le monde;

- favoriser les échanges entre les opérateurs (pécheurs ou gestionnaires de
programmes DCP) et les fabricants de matériel (cordages, flotteurs, etc.);
- intégrer les progres effectués dans d’autres domaines urilisant le méme
type de technologie (balisage maritime, bouées océanographiques ins-
trumentées, etc.).

Le problzme de 'utilité des appendices (feuilles de cocotier ou nappes
de filet suspendues sous les radeaux et censées augmenter le pouvoir d’at-
traction des systémes) a été posé. Il a été confirmé que leur efficacicé
avait été démontrée pour les DCP dérivants mais pas pour les DCP
ancrés, ce qui pourrait peut-étre s'expliquer par une différence dans les
raisons pour lesquelles ces deux types de DCP favorisent 'agrégation.
La session 3, « Méthodes de péche associées aux DCP », a permis
d’obtenir un bref apercu de quelques techniques utilisées dans chacun
des trois océans. L'importance et |'efficacité des techniques visant plus
particulierement les plus gros chons qui se trouvent et profondeur ont
été soulignées.
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Astract

Since 1983, the research on the optimal conception of FADs in Martinique
was particularly focused on the improvement of cheir resistance to
different maritime or human aggressions. Following several experimen-
tations made with different types of FADs, the choice was brought on
light devices anchored in 1 500 to 2000 m depths and an experimental
approach was conducted to identify the causes of loss of FADs and to
attempt to modelize their hydrodynamic behaviour with relation to the
sea conditions. Three machematical models are used to simulate the FAD
behaviour under current action and swell, and to estimate the forces
exerted on each part of the device. The results of this study are presented.
The FAD design used nowadays for the development of pelagic fishing
in Martinique, recommendations for maintenance and preservation of
the FADs are also proposed.

Introduction

Qu'il s'agisse de DCP expérimentaux ou opérationnels, la question de
leur durée de vie et de leur cofit reste une préoccupation constante. Du
fait de la multiplication des programmes de développement de DCP,
leur colit retient de plus en plus accention des aménageurs. La tendance
semble étre 2 privilégier des DCP de conception légere et simple car ni
leur durée de vie, ni leur efficacité ne semblent affectées par la taille
du dispositif. De plus, des DCP de prix abordable facilitent une prise
en charge de leur gestion par les professionnels.

Tout au long des programmes d’accompagnement du développement
des DCP aux Antilles, une démarche d’amélioration des dispositifs de
concentration de poissons a écé entreprise par I'Ifremer. Le suivi tech-
nologique régulier des dispositifs expérimentaux mouillés dans les eaux
martiniquaises a permis d’améliorer la conception des dispositifs. Il a
également permis d’identifier les points sensibles et les principales
causes de rupture des DCP. Le comportement des DCP sous 'action des
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courants et de la houle a été abordé a I'aide de plusieurs modéles hydro-
dynamiques qui permettent d’écablir le bilan des forces s'exercant en
chaque point de la ligne de mouillage. Ces modéles permettent égale-
ment de prévoir les conditions limites d’'immersion des tétes de DCP
en fonction du profil des courants.

Identification des causes de rupture des DCP

La premiere étape de la démarche d’amélioration des DCP a consisté a
rechercher les causes de rupture de ces dispositifs. Pour cela, plusieurs
actions ont été entreprises :

- des enquétes auptes des professionnels;

- 'observation systématique des DCP, par relevage de la pattie supérieure
ou en plongée sous-marine;

- 'examen des tétes de DCP retrouvées aprés rupture;

- la récupération de la partie inférieure de DCP ayant subi une rupture
(Taquet er al., 1998a).

Plusieurs causes de rupture des DCP ont pu ainsi étre mises en évidence.
Parmi celles-ci, on peut citer les détériorations intentionnelles fré-
quemment observées lors des premiéres mises 4 I'eau de DCP. L'intro-
duction de toute nouvelle technologie engendre des bouleversements
a différents niveaux au sein des communautés concernées. Sans avoir fait
d’examen méthodique de cette question, nous avons pu noter certaines
causes de divergence, entre individus ou communautés, lors de I'in-
troduction du DCP. Aucune enquéte n'a été réalisée pour s'assurer de
l'origine réelle des sections intentionnelles de DCP que nous avons pu
constater lors de nos programmes. Nous citons donc ici des causes pos-
sibles afin que, lors de nouveaux programmes de développement de
DCP, ces éléments puissent étre pris en compte.

La méconnaissance a été, dans plusieurs cas, la cause de récupération
de DCP, en toute bonne foi, par des pécheurs qui pensaient que ce maté-
riel érait perdu et en dérive.

Des conflits de métiers ont été notés a plusieurs reprises. La péche
des poissons pélagiques prés de la cdte semble, par exemple, avoir subi
Pinfluence des DCP qui auraient éloigné les poissons. Aucune preuve
n'a pu érre apportée sur un tel effet des DCP aux Antilles. Mais, aucune
recherche n'a été effectuée dans ce domaine, non plus. Il convient donc
de ne pas nier cette éventualité et de rechercher les moyens de limiter
ces conflits d'accés a la ressource, notamment par un positionnement
adéquat des DCP. Dans le méme ordre d’idée, on peut mentionner les
conflits entre professionnels et plaisanciers pour I'exploitation des DCP.
Pour les DCP publics, nous avons constaté a plusieurs reprises que ceux
qui les entretiennent ont tendance 4 se les appropriet ou A vouloir impo-
ser des régles d'usage qui ne sont pas partagées par tous. Dans le cas
de DCP privés, les propriéeaires cherchent a éloigner les pécheurs qui
viennent exploiter les concencrations se formant autour de leurs dis-
positifs. Ces attitudes peuvent entrafner des actions de malveillance se
traduisant par la destruction de DCP.
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Cordage coupé et emmélé
d'un bas de ligne de péche.
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Les moyens techniques utilisés pour faire face a ce type de probleme,
comme le renforcement de la partie supérieure des DCP par des chafnes
ou des cibles, n'ont pas donné sacisfaccion. En effet, ils sont coliteux et
ils peuvent causer eux-mémes la rupeure des DCP par corrosion ou usure.
Par ailleurs, ces renforcements peuvent, par la nature des matériaux
utilisés, augmenter le danger potentiel pour la navigation, Le moyen
le plus efficace de lutter contre les coupures intentionnelles de DCP
reste, pour l'instant, I'information et les discussions préalables entre les
personnes concernées.

Pour récupérer leurs lignes de péche accrochées involontairement au DCP,
certains pécheurs peuvent détériorer partiellement le dispositif. Par
'usage de gaffe pour accraper le DCP, les boudes qui maintiennent celui-
ci en surface peuvent écre perforées. De méme, pour retirer leur hame-
con du cordage, les pécheurs peuvent éctre amenés a entamer ce dernier

et, par conséquent, 2 le fragiliser.

Les bas de lignes en acier ou en nylon sont aussi la cause de rupture
de DCP. Des DCP ont, en effet, écé récupérés avec des lignes emmélées
autour du cordage et ayant fortement entamé celui-ci. Dans ce cas, la
cause de la perte du DCP peut étre identifiée par les morceaux de lignes
qui restent emmélés autour du bout et par la coupure franche et en
biseau des brins du cordage (photo 1).

La coupure des DCP pat des navires de gros tonnage et a fort tirant
d’eau (paquebots, cargos), a écé observée a plusieurs reprises au cours de
nos programmes. Les craces laissées sur le cordage par une hélice de bateau
sont caractéristiques d une rupture par étirement (photo 2). Lextrémité
du cordage est effilochée et les brins sont de longueurs différentes.

Lexamen des parties inférieures des DCP récupérées autour de la Mar-
tinique a permis de vérifier que le cordage ne subit aucune dégradation
au-dela des deux cents premiers metres (a partir de la surface). Aucune
trace de vieillissement des cordages n’a été observée : pas de salissure,
pas de détoronnage. Les épissures restent en parfait éat ainsi que toutes
les surliures. Les manilles et émerillons situés dans la partie profonde
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Cordage rompu

par un navire a fort tirant
d'eau.
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sont a peine corrodés. Les lests en béton sont parfaitement conservés. Les
cosses galvanisées qui n'avaient pas écé assurées par des surliures sont
par contre abimées, Elles constituent par conséquent les points faibles
des liaisons.

Il faut mentionner aussi que des erreurs de montage peuvent entral-
net la disparition précoce de DCP. Clest par exemple le cas de lests en
pierre amarrés i la partie supérieure du cordage pour le faire couler; ils
peuvent par froteement sur ce dernier provoquer sa rupeure. Cepen-
dant, il est impérarif de ne pas laisser floccer du cordage en surface afin
d’éviter qu'il ne se prenne dans les hélices de bateaux. D'une maniére
générale, tous les points de frotcement des tétes des DCP doivent faire
Pobjet d’attention particuliere car ¢’est & ce niveau qu’ont écé observées
des usures causées par les mouvementcs de la mer.

Le matériel qui assure la flottabilité des DCP doit pouvoir résister 4 la
pression. Lors de fort courant, les tétes de DCP peuvent plonger a plu-
sieurs centaines de metres. Ceci a pu écre confirmé grice a une sonde
d'enregistrement des profondeurs placée sur un DCP expérimental de
I'Ifremer.
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Si nous n’avons pas pu faire de lien encre la perte de DCP et le vieillis-
sement du matériel, nous avons toutefois constaté que le soleil éeait un
facteur de dégradacion (effet des rayons ultraviolets) de la partie supé-
rieure des dispositifs dont il fallait tenir compte.

Modeéle de DCP retenu en Martinique

Enrichi de toutes ces observations, le DCP actuellement mis en ceuvre
autour de la Martinique est de type léger (fig. 1). La partie émergée est
constituée d'un flotteur gonflable « porte-pavillon » de 50 litres pou-
vant s'aplatir sous Ueffet de la pression et reprendre sa forme lors du
retour en surface. La flottabilité est complétée par une vingraine de
flotteurs de cype boule de chalur résistant 4 la pression jusqu'a 800 m,
de 4 litres chacun, répartis sur deux lignes paralleles. Ces flocteurs
constituent une réserve de floteabilité utilisée pour résister a I'immer-
sion due a l'effet du courant sur la ligne de mouillage. Ils permettent
également d’amortir les variations de tension dues a la houle en offrant
une immersion progressive de la partie flottante du DCP. Le pavillon
est en matériau plastifié de couleur jaune, fixé sur un mar en fibre de
verre (type mit de planche a voile) dépassant d’environ 2,5 m de la
surface. Sur ce mit sont également fixés d'autres équipements destinés
au repérage et au balisage du DCP. Un feu éranche d’une portée mini-
male de deux milles est placé en téte de mét. Un réflecteur radar, de
type tubulaire, a été choisi, pour des raisons de sécurité de manutention
lors du remplacement des piles des lampes notamment.

La longueur totale du mouillage est de 1,25 fois la sonde. Ce mouillage
est constitué de deux cordages de matériaux différents.

Le cordage inférieus est en polypropylene, il est donc flottant pour ne
pas reposer sur le fond lors des renverses de courant. Sa longueur est
égale i la sonde afin d’éviter qu’il ne flotte a la surface et qu'il ne soit
pris par une hélice de batean. La partie supérieure en polyamide com-
pléte le mouillage ; ce matériau présente J'avantage d’étre plus lourd que
I'eau et, par conséquent, de ne pas nécessiter I'ajout de lest pour l'em-
pécher de rester en surface. Pour une profondeur de 1000 m, le bout
en polyamide aura donc une longueur de 250 metres. Résistant aux rayons
ultraviolets et aux frottements, il est également utilisé pour confec-
tionner les deux lignes de floteeurs exposées 4 la lumiére. Le matériel
aceractif est constitué de deux baches en polyéchylene de 6 m? chacune
(3 x 2) de couleur bleue. Le diamétre des cordages est adapté a la flot-
tabilité de la téte. Pour une flottabilité totale de la téte de 80 litres, un
cordage de 12 mm est utilisé. Plusieurs ensembles « cosse, émerillon,
manille, cosse » permettent une fragmentation du cordage en portions
pouvant pivoter indépendamment les unes par rapport aux autres. Cette
précaucion est prise afin d'éviter une tossion du cordage, notamment
a chaque renverse de marée. Les manilles-lyres sont celles qui présentent
la meilleure sécurité. La forme en lyre permet en effet une certaine élas-
ticité lors du serrage et cette tension limite le desserrage du manillon
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Figure 1

Schéma du becp
actuellement en usage
en Martinique.
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par vibration. Toutes les manilles sont assurées avec du fil (tresse gou-
dronnée de 2 mm de diamétre), le fil de fer est & proscrire compte tenu
des effets de corrosion qu'il engendre. Les manilles situées en profon-
deur, qui ne pourront pas écre remplacées lors des opérations d’entre-
tien, sont assurées par pointage. Les lests sont en béton, mais I'utilisa-
tion de lests en fonte plus compacts et plus solides est recommandée
lorsqu’ils sont disponibles. Il s’agit de deux blocs de 150 kg reliés par
une patte d’oie.

Afin d’éviter les usures et de limiter les risques de coupure accidentelle,
de multiples précautions sont prises lors du montage des DCP. Une
gaine protectrice, de type tuyau d'arrosage ou gaine d'électricité, est mise
autour des 150 premiers métres du cordage afin de le protéger des lignes
de péche. Les résidus de moulage de certains composants (bouées résis-
tant 4 la pression...) doivent écre éliminés par pongage. Les mouvements
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des flotteurs sur la ligne de mouillage doivent étre limités au maximum
(voir montage figure 1). Le bord des cosses galvanisées est systémati-
quement émoussé et une surliure maintienc le cordage en place afin
d’éviter des usures fréquemment observées a ce niveau. Les liaisons
cordage-cordage sont réalisées a Paide d'épissures et non de neeuds qui
réduisent fortement la résistance de celui-ci.

Modélisation des dispositifs de concentration de poissons
e T

Afin d'aider a la conception d’'un modele de DCP répondant aux objec-
tifs et aux besoins de la profession, il paraissait important de chercher
a modéliser le comportement de différents types de dispositifs sous
I'action du courant et de la houle et d’évaluer les forces s’exercant sur
chaque composant de ceux-ci. Une telle démarche permet de s’assurer
de I'adéquation du matériel utilisé avec les conditions de milien sur les
sites d’implantation des DCP. L'étude du comportement des DCP en
fonction des conditions de mer érait, par ailleurs, demandée par la pro-
fession qui souhaitait disposer de DCP ne coulant pas lors des fores cou-
rants, d’'une part, et pouvant résister aux fortes tempétes de la période
cyclonique, d’autre part.

Pour répondre a cette attente, plusieurs actions ont été entreprises. Un
premier modéle (DCPMAR) a été développé afin de définir la forme de
la ligne de mouillage et d’évaluer les tensions résultant d'un profil de
courant bidimensionnel et permanent sur les lignes de mouillages
(Rageot, 1996; Taquet ez al., 1998b). Un deuxiéme modele, spécifique
du comportement des DCP sous 'action du courant et de la houle, a écé
réalisé par I'adapration du logiciel Dynaline développé par I'Ifremer pour
ses besoins propres (Priour & Lebeau, 1999). Un troisieéme logiciel
(Calm), réalisé pour l'aide & la conception de mouillages océanogra-
phiques profonds (Girardeau, 1993), a été utilisé a ticre de comparai-
son et de validation des résultats obtenus. En paralléle, des mesures de
profondeur d'immersion et de traction ont été effectuées in sitw 3 I'ai-
de de capteurs fixés sur les dispositifs implantés en Martinique. Ces
mesures sont destinées & vérifier les résultats des calculs chéoriques.
L'évaluation des coefficients de tralnée de différentes composantes du
DCP a été faite au bassin d’essai de Boulogne-sur-Mer (Repecaud ez «/.,
1998). Les résultats obtenus sont utilisés dans les modeéles.

Le modéle DCPMAR

Dans le cas de ce modele, le profil de courant et le mouillage étant
contenus dans un méme plan verctical, on recherche une solution d’équi-
libre de I'ancrage pour un profil de courant permanent donné. Les effets
de la houle et de courant transitoire ne sont pas pris en compte. Le
mouillage est divisé en un ensemble de composants élémentaires. Sur
chacun d’entre eux, 'ensemble des forces exercées est déterminé. La
forme du mouillage et la tension le long du cordage sont obtenues en
écrivant 'équilibre des forces sur chaque élément.
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On distingue deux types de composants élémentaires :

- les éléments souples (cordages, chaines, etc.);

- les éléments rigides (bouées, lests, baches, etc.).

Bien que souples, les biches sont considérées comme des éléments
« rigides » pour le calcul.

Ces deux types de composants sont traités différemment du point de
vue hydrodynamique.

Les éléments souples sont supposés écre :

- parfaitement souples, ¢’est-a~dire qu'ils ne transmecttent pas de couple;
- non élastiques : ils ne s’allongent pas sous 'effet de la craction.

La premiere hypothése est classique et réaliste tant que le rayon de
courbure du cordage reste assez grand, ce qui est le cas dans notre appli-
cation. Lhypothese de « non-élasticité » est plus discutable, notamment
pour les cordages. L'élasticicé varie en effet beaucoup selon le type de
cordage et évolue avec le temps. Sa prise en compte 4 'aide d’une rela-
tion linéaire enctre I'allongement du cordage et la craction exercée n’est
qu'une approximation souvent grossiére, desservie par le manque de don-
nées expérimentales dans de nombreux cas.

Les éléments rigides sont traités comme des entités indéformables inter-
calées dans le mouillage par deux points de fixation.

Le calcul ivératif est initialisé & partir de la tension et de I'inclinaison, cal-
culées sur le premier élément du dispositif (le flotteur). La solution phy-
sique recherchée est celle qui amenera le lest en contact avec le fond.

Le modéle Dynaline

Dynaline est un outil de calcul d’effort et de déformation de petites struc-
tures filaires dans la houle et le courant, développé par I'Ifremer. Il est
basé sur la méchode des éléments finis et les formulations de Morison.
Son objectif premier est ["écude du comportement des filieres myrtili-
coles en mer.

La plus grande difficulté de ce type de probléeme est que I'on ne connaft
pas la forme que prend la scructure a I'équilibre. Le logiciel la calcule
a partir d’une position initiale arbicrairement définie par I'utilisateur.
Létude du comportement dynamique de la structure dans la houle est
effectuée en introduisant les efforts de trainée et d’inertie dynamique
et en calculant une suite d'équilibres dynamiques successifs semblables
d I'équilibre statique. Les DCP étant composés de cibles et d'un ou plu-
sieurs éléments flottants, et éventuellement d’éléments particuliers tels
que des biches par exemple, peuvent effectivement écre étudiés 2 aide
de Dynaline.

Pour le calcul, la structure est décomposée en un nombre fini d'éléments
et de noeuds simplifiés. Les éléments modélisent les cordages et les
chatnes. Ce sont des barres élastiques, éventuellement bimodules :
autrement dit, le module d’élasticité en traction est alors différent de
celui de compression pour rendre compte du raccourcissement possible
des cordages.
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Les nceuds modélisent les flotteurs et les lests. Ce sont des volumes de
forme parallélépipédique. Les noeuds n'ont que trois degrés de liber-
té : les trois translacions selon les axes x, y et z. On calcule ensuite de
facon itérative la position d’équilibre de la scructure en partant de la
position initiale.
Pour I'équilibre statique, ¢’est-a-dire sans houle mais avec du courant,
le modele prend en compte les effecs suivants :
- poids et flottabilicé des floteeurs, lests, cordages et chalnes;
- trainée due au courant;
- effort extérieunr constant éventuel (levage de la structure par un creuil
de bateau par exemple).
Pour les équilibres dynamiques, on remplace la trainée due au courant
par la trainée due a la houle et au courant et on ajoute U'inertie due a
la houle. Des hypotheses simplificatrices sont posées en préalable afin
de limiter la complexité du modéle mécanique et de permettre la réso-
lution numérique du systéme d’équations.
Les limitations résultant de ces hypotheéses sont résumées ci-dessous.
e La premiére limitation est liée  la modélisation des flotteurs ou des
lests. Dans cette méthode, ces objets n'ont que trois degrés de libertés :
les trois translations, c'est-a-dire qu’ils ne peuvent pas tourner, autre-
ment dit, cecte modélisation n'est valide que pour les objets qui ne
tournent pas ou faiblement ou qui ont un comportement identique
selon toutes les directions : les objets sphériques notamment. Cette
limitation est peu contraignante.
¢ La seconde limitation vient de la modélisation des éléments. Ces élé-
ments (barres élastiques) représentent les cibles, les filins, etc. Ce sont
des segments de droite bien que les cibles et filins puissent ne pas étre
droits, aussi l'opérateur aura parciculierement soin de discrétiser ces
cibles et filins en un nombre suffisant d’éléments pour que la courbure
soit bien modélisée. Cette limitation est peu contraignante.
e La troisieme limitation est liée a la houle. La théorie de houle utilisée
est la houle d’Airy (linéaire). Dans ces conditions, la hauteur de la houle
(H), sa longueur d’onde (A) et la profondeur (d) du site doivent respecter
certaines limites :

3

I
H <0,04;H <0,006;avec A=g
d A 2n
T écant la période de houle. Cecte limitation peut cependant &tre
enfreinte lorsqu’on ne cherche qu'a estimer un ordte de grandeur des

efforts dus a la houle.

e La quatriéme limitation est lide a la modélisation des efforts dans la
houle. La formulation de Morison qui est utilisée n’est valide que si la
largeur des objets (D) est faible vis-a-vis de la longueur d’onde de la
houle: D

N <0.2

Cette limitation est trés peu contraignante compte tenu des dimensions
des constituants des DCP.
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Application des modéles aux dispositifs de concentration de poissons
{DCP)

La description de la structure sera faite différemment suivant le modele
utilisé.

DCPMAR offre notamment plusieurs possibilités pour décrire la force
de trainée (F) qui s’exerce sur les téres :

* Proportionnelle au carré de la vitesse du courant (V) ec indépendan-
te de I'étac d'immersion de la téte : sphére ou objet simple dont on connatt
le coefficient de trainée (C) : F = 1/2 p CSV?

e Fonction linéaire de la vitesse du courant par morceau pour une trai-
née indépendante de 'érat d'immersion de la tére : F = (V)

» Fonction permectant d'introduire une dépendance par rapport au fac-
teur (f) d’état d’immersion de la téee : F = (af+b)V?2

* Dans le modele général, la vitesse est fixée et la tralnée est linéaire
par morceau par rapport i f. A chaque élément / de la partition de I'in-
tervalle 0,1} est associé un coefficient directeur a V) et une ordonnée
alorigine /J/(V). Toutes les fonctions a,et /)1. sont linéaires par morceau
par rapport a la vitesse du courant : I = a,(V)f + 4,(V)

Le profil de courant peut également étre décrit selon deux modes :

- courant constant par morceau ;

- courant linéaire par morceau.

Avec Dynaline, la description de la structure des DCP est aisée en pre-
nant quelques précautions pour transposer, par exemple, un flotteur
sphérique en un flotteur parallélépipédique, seule forme connue du
logiciel dans sa version actuelle.

Une succession de flotteurs de surface, comme en sont équipés certains
DCP, pose un probléme dans la mesure oty, lorsque les flotteurs sont tous
en surface, et exposés 4 un courant, la somme des trainées de chaque
flotteur n’est sans doute pas équivalente i la trainée réelle de I'en-
scmble, par I'effet de sillage des premiers flotteurs exposés au courant.
Les essais réalisés dans le bassin de circulation de P'lfremer 2 Boulogne-
sur-Mer montrent en effet les variations importantes des tratnées des flot-
teurs suivant leur disposition sur la ligne de mouillage (Repecaud, 1996).
DCPMAR integre les résulcats de ces mesures expérimentales et prend
ainsi en compte les tétes composites.

Une béche peut 8tre représentée par un « nceud » de méme surface
auquel est affecté un coefficient de trainée déduit d’expérimentations
en bassin d'essai.

Le DCP étudié

Il correspond au schéma et a la description ci-dessous (fig. 2). Les carac-
téristiques retenues sont proches de celles du dispositif actuellement
en usage en Martinique.

Le DCP est constitué de 500 m de cordage en polyamide (PA) et 2000 m
de polypropyléne (PP) de 12 mm de diametre. Il est mouillé & une
profondeur de 2000 m avec un flotteur de téte sphérique de 0,5 m de
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Désignation des termes
employés.
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diametre et de 50 kgl de flocrabilicé. Les résultats des simulations

dans divers courants sont résumés dans le tableau 1.

Tableau 1 - Simulation du comportement au courant d'un DCP type « léger »
a l'aide de trois modeles différents.

Modele Viteésse - Immersion Rayon: - - Tension Tension  Erat
< évitage: - surface - fond
(m/s) (m) (m) (kgb (kg
Calm 0,2 0 1373 35 45 floteé
DCPMAR 0,2 0 1375 36 45 floceé
Dynaline 0,2 0 1415 25 39 floteé
Calm 0,3 -337 1720 50 59 coulé
DCPMAR 0,3 -349 1731 50 58 coulé
Dynaline 0,3 -29 1444 66 83 coulé
Calm 0,35 -554 1897 50 58 coulé
DCPMAR 0,35 -564 1906 50 58 coulé
Dynaline 0,35 -196 1634 66 85 coulé
Calm 0,5 -1005 2183 50 57 coulé
DCPMAR 0,5 -1013 2188 50 62 coulé
Dynaline 0,5 -583 1983 66 98 coulé
- Rayon d'évitage B
Surface libre Flotteur m ¥ Immersion
A A .. du flotteur
Profondeur
de mouillage Tensions surface et fond

Corps-mort
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On note que les tendances simulées par ces différents modeles sont
concordantes bien que les résulcats fournis par Dynaline se démarquent
netcement de ceux fournis par Calm et DCPMAR. Les écarts constatés
entre Dynaline et les deux autres modeles peuvent s’expliquer par des
méthodes de calcul différentes. Le rayon d’évitage est grand. La téte cou-
le & une profondeur supérieure a 300 m dés que le DCP est exposé & un
courant de 0,3 metre par seconde. Des mesures /» siti, réalisées dans le
cadre du programme DCP Martinique avec des capteurs de pression
Micrel de type P2T, ont effectivement moneré des immersions de la téce
du DCP jusqu’a 350 m de profondeur (Taquet ¢t /., 1998b). Les flot-
teurs utilisés doivent donc pouvoir supporter la pression existant a une
telle profondeur. Nous devons toutefois préciser que le profil de cou-
rant retenu pour ces simulations est un courant constant sur ctoute la
hauteur d’eau et que cette situation de courant fort, dans les masses d’eau
inférieures, reste exceptionnelle. La situation plus réaliste est un cou-
rant fort dans la couche supetficielle et un courant plus faible dans les
couches profondes.

Comportement en présenée de houle

Seul Dynaline permet d’effectuer une simulation « dynamique » du
comportement d'une scructure filaire en présence de houle. Ceci a écé
réalisé pour les conditions suivantes : hauteur créte a creux égale a
2,5 m et période de huit secondes (tab. 2).

Tableau 2 - Simulation des mouvements du flotteur de téte et des tensions
au fond et en surface pour un DCP de type « léger » en présence de houle
H=25metT =8s).

Vitesse Fourchette Fourchette Fourchette
courant immersion tension fond tension surface
(m/s) (m) (kgb (kgb)

0,2 0,4 38-42 24-28
0,25 0,5 60-64 44-49

0,3 Immergé-29 m 82,6-83.3 66-66,8

Les variations de tension sont a peu pres constantes (approximativerment
4 kg, la houle étant elle-méme inchangée dans chacune de ces simu-
lations. Les surtensions relativement a celles calculées en I'absence de
houle (tab. 1) sont, elles aussi, & peu prés constantes (environ 2 a 3 kgf).
Ces variations et surtensions restent faibles bien que la houle soit bien
formée.

Cas du DCP de type « lourd » testé avec Dynaline

Le DCP « lourd » est constitué de 2000 m de PP et de 500 m de PA de
19 mm de diametre. Il est utilisé dans une profondeur de 2000 m avec
un flotteur de téte sphérique de deux metres de diamécre. Le résultat de
la simulation du DCP dans le courant est présenté dans le cableau 3.
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Tableau 3 - Simulation du comportement au courant d'un DCP de type « lourd »
avec Dynaline.

Vitesse Immersion . Rayon - * Tension . Tension Observation
courant (m) évitage surface fond

(m/s) (m) (kgh (kgh

0,75 -0,32 1415 521 550 Flotteur en surtace
1 -0,46 1461 903 961 Flotceur en surface
2 -1,3 1734 3231 3529 Flotreur en surface

On remarque que le flotteur reste ici en surface bien que le courant soit
fort, de 'ordre de 4 nceuds.

Les simulations suivantes ont été réalisées pour estimer 'allongement
maximal des filins dans le courant. Les résultats sont présentés dans le
tableau 4.

Tableau 4 - Calcul de I'allongement des filins PP et PA d'un DCP de type « lourd ».

Vitesse Immersion: - Rayon .. Tension. . Tension Allongement
courant (m) évitage - surface fond PA PP
(m/s) (m) (kghH (kgh (%) (%)
1,5 0,842 1583 1907 2074 2,2 64
2,5 -125 1957 3231 4594 4,6 14

Les cibles de PA de 19 mm ayant une résistance de rupture de I'ordre de
7500 kg, il est évident que les conditions les plus extrémes de courant
deviennent critiques pour la tenue du DCP. On constate que la tension
subie par le mouillage se rapproche de la charge de rupture du cordage.
On remarque que le flotteur s'immerge & partir d'une vitesse de cou-
rant de 2,5 m/s, soit environ 5 neeuds, ce qui est largement supérieur
au cas du DCP « léger ».

On note également le fort allongement des cibles aux vitesses de cou-
rant les plus élevées. Cet allongement contribue a réduire les tensions.
Avec un courant de 1,5 m/s, une augmentation de la raideur des cibles
(a une valeur comparable 4 celle de 'acier) entraine une augmentation
des tensions en surface et au fond de Pordre de 300 kilogrammes force.
Pour un courant de 2,5 m/s, on notera cependant que les cibles sont
sollicités a la limite supérieure ou au-dela de leur élasticicé.

Les efforts qui s’exercent sut le corps-mort sont eux aussi importants,
par exemple a 1,5 m/s et dans les conditions du tableau 4 :

effort horizontal : <~ 1723 kgf {1 690 DaN}

effort vertical : -~ 1150 kgf {1130 DaN}

Ces efforts imposent donc de disposer de corps-morts pouvant les sup-
porter.

Incidences de ces évaluations pour la fabrication des DCP

La simulation du comportement en présence de houle montre donc
qu'avec les conditions de courant et de houle choisies, les surtensions
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induites par la houle sur le cible de mouillage restent faibles en com-
paraison de celles dues an courant.

Les DCP légers sont correctement congus pour résister aux courants et
a la houle, mais ils présentent I'inconvénient de s'immerger pour des
vitesses de courant relativement faibles. Les DCP lourds {(flotteur de
2 m de diamétre et cordage de 19 mm) restent en surface jusqua 5 noeuds
de courant. Par contre, les tensions s’exercant sur le cordage sont rela-
tivement importantes. Les risques de rupture ainsi que de dérapage
des corps-morts ne sont pas négligeables en cas de forts courants.
Cest la force de trainée sur la ligne de mouillage qui influence le plus
le comportement du DCP. Si les professionnels souhaitent que leurs
DCP ne coulent pas, il convient d’optimiser le rapport entre le diamétre
du cordage et la flottabilité de la téte. Ce rapport est écroitement lié a
la tésistance des matériaux urilisés. Afin de définir le DCP optimal, il
serait nécessaire de mieux connaftre les conditions et profils de courant
existant sur les zones d'implantation des dispositifs. Il serait également
souhaitable de savoir si les poissons abandonnent le DCP & partir d'une
certaine vitesse de courant. Si c’est le cas, il serait inutile de vouloir main-
tenir les DCP en sutface au-dela de cette vitesse critique. Des enregis-
trements vidéo effectués sous les DCP en Martinique, montrent des
petits poissons pélagiques en situation de nage trés active pour main-
tenir leur agrégation malgré la force du courant. Bien que cela n'ait pu
étre observé directement, il apparait fortement probable que la dépense
énergétique induite par cette nage conduise ces poissons a abandonner
le dispositif lorsque le courant persiste sur une longue durée.

Deux grandeurs caractéristiques intéressantes ressortent de ces simu-
lations :

* Le rayon d’évitage d’'un DCP profond est toujours trés grand, une
bonne approximation de ce rayon est obtenue par la formule simple
suivante : R = \IW

avec L, longueur de la ligne de mouillage et P, la profondeur au point
de mouillage;

e La tension du cordage sous la téte atteint un seuil égal a la flottabi-
lité nette de la tére. M@me si la tension au fond est l[égérement supé-
rieure a ce seuil lors des immersions, cette grandeur peut toutefois
constituer un point de repere lors du choix du cordage a utiliser (résis-
tance a la rupture).

Recommandation pour la fabrication, la maintenance et la protection
des DCP

Les DCP tels qu’ils sont congus actuellement en Martinique résultent
d’une expérience de plusieurs années. Ils sont destinés a répondre au
besoin actuel des professionnels qui souhaitent développer des struc-
tures collectives dont ils veulent assurer la gestion. Le cofit est donc pris
en compte ainsi que le balisage obligatoite ou I'impératif de durée que
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souhaitent les professionnels. Ce type de DCP ne convient pas néces-
sairement 2 tous les cas de figure (DCP expérimentaux instrumentés,
DCP privés). Des modifications peuvent y écre apportées pourt répondre
a certains besoins ou en raison d’indisponibilité de certains macériels.
Leur évolution ne doit pas étre [reinée.

Touctefois, il serait dommage qu'a chaque nouvelle proposition I'expé-
rience acquise ne soit pas prise en compte. Ceci est particulierement
vrai lorsqu'il s'agit de DCP opérationnels, reproduits en plusieurs exem-
plaires et dont dépendent les revenus de nombreux pécheurs. Il serait
donc souhaitable que toute amélioration soit testée avant d'tre appliquée
a l'ensemble ou 2 plusieurs DCP opérationnels. La fixation de dispositifs
concentrateurs, différents de ceux existants, a par exemple été observée
sur plusieurs DCP opérationnels de la Martinique. Leur résistance au
courant, trés différente de celle des baches habituellement utilisées,
peut entrafner la perte du DCP. De méme, la fixation sur le cordage,
si elle n'est pas faite correccement, peut provoquer l'usure et la rup-
ture de celui-ci.

Le choix des composants du DCP ne doit pas écre négligé, en particu-
lier pour le matériel de la téce. Le DCP subit des agressions de diffé-
rentes natures rappelées ci-apres :

- exposition aux rayons du soleil (effet des ultraviolets);

- forces dues aux actions du vent, du courant et de la houle;

- pression lors des immersions des DCP;

- effets des engins de péche accrochés accidentellement dans les DCP.

En Martinique, le montage des DCP est réalisé par les professionnels
eux-mémes 2 l'occasion de séances de travail organisées par le comité
régional des péches. La présence de professionnels qualifiés, chargés de
la vérificarion minutieuse des montages réalisés, paralt indispensable.
Les pertes de DCP causées par des bateaux sont relativement impor-
tantes, surtout sur la cdte caraibe de la Martinique. Seuls un balisage
cotrect et une information des usagers de la mer peuvent permettre de
réduire ces pertes accidentelles. La définition des zones définitives d'im-
plantation des DCP permettrait de porter leurs positions et leur cercle
de déplacement sur les cartes et documents nautiques officiels. Une
telle disposition est indispensable dans les secteurs ot le trafic maritime
est important.

La maintenance des DCP est indispensable a leur pérennité. La vérifica-
tion fréquente des parties supérieures des DCP doit étre faite pour éviter
leur perte par des usures imprévues ou des coupures accidentelles. Le
changement régulier des tétes doit également écre prévu. La récupéra-
tion du matériel en bon état est possible, elle réduit d’'autant le cofit
de ces opérations.

Sans un enregistrement rigoureux et régulier de tous les événements
et interventions sur chaque DCP, il est difficile de comprendre les causes
de pertes de ces derniers et surtout de savoir comment intervenir pour
les prévenir. La nécessité de mettre en place un suivi est d'autant plus
grande que le nombre de DCP a gérer est important. Le traitement sta-
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tistique des données de suivi d’un parc opérationnel de DCP peut per-
mettre de hiérarchiser les causes des pertes et d’identifier les actions a
entreprendre pour en réduire les effets.

Prospectives

Du point de vue du colit et de la durée de vie des DCP, les progres les
plus importants sont & attendre, & court terme, de la mise en ceuvre de
plan de maintenance, d'une part, et d'information des professionnels
et des navigateurs, pour éviter les ruptures accidentelles, d’autre part.
Il est certain que beaucoup d'avancées techniques viendront des entre-
prises spécialisées dans les mouillages et la fabrication de matériel.
Lemploi de matériaux a prix abordable, résistant mieux a 'abrasion, a
la pression et aux rayons ultraviolets, est de nature a rallonger sensi-
blement la durée de vie des DCP. La fabrication et la vente de téres de
DCP « intégrées », congues de telle sorte que les points d’usure soient
réduits au mieux, seraient un moyen de pallier 'irrégularicé d une fabri-
cation artisanale non spécialisée. La prise en compte, lors de la fabrica-
tion de ces tétes, daspects ergonomiques destinés a réduire le cofit de la
maintenance et les risques d’accident lors des interventions, est une
voie de progres nécessaire. Une amélioration du balisage nocturne est
par exemple indispensable. Les lampes actuellement disponibles pour
le balisage des DCP ne répondent pas aux exigences souhaitées. Compte
tenu du type de dispositif mis en ceuvre en Martinique, c’est dans la
gamme des feux de péche que sont choisies les balises nocturnes des DCP.
Or, leur résistance & [a pression est insuffisante et leur porcée ainsi que
leur autonomie gagneraient a étre augmentées. L'incégration de la
lampe en téte de mit de signalisation permerttrait de remédier aux
difficuleés de fixation de celle-ci.

Des réflexions sur la nacure, le nombre, la forme ou la position des dis-
positifs concentrateurs n’ont pas encore été beaucoup avancées ni for-
malisées en Martinique. Beaucoup de professionnels vantent les vertus
de la feuille de coco. D’autres estimenc que le fait de placer les disposi-
tifs pres de la sutface favorise la remontée du poisson. Le nettoyage ou
non du dispositif concentrateur pour un meilleur effet attractif sur les
poissons est discuté par les professionnels. Les premiers DCP posés en
région caraibe étalent congus avec des nasses destinées a abriter les
petits poissons qui étaient supposés attirer les plus gros. Dans certaines
régions du monde, les DCP ne comportent plus du tout de matériel
actractif et fonctionnent trés bien. Tous ces éléments gagneraient a écre
érudiés et un approfondissement de ce sujet apporterait des réponses a
cette préoccupation des professionnels.

A Tavenir, il est probable que la demande des professionnels et des
aménageuss sera formulée d’une toute autre fagon. Par exemple, lorsque
I'expérience des DCP sera suffisamment avancée pour savoir ol les placer
pour maximiser les prises, combien en mettre, a quelle distance les uns
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des autres, ecc., il poutra écre envisagé de mouiller des DCP plus cofiteux
a durée de vie longue. Mais, on ne dispose pas encore d’informations
suffisantes pour s’engager, dés a présent, dans ce type de démarche. En
allant trop vite, le risque serait de figer les choses 2 un moment ot la
réflexion n'a pas écé menée jusqu'a son terme. Les professionnels de la
péche perdraient alors la maferise du développement durable de cette
nouvelle activité et risqueraient de ne plus y concribuer aussi efficace-
ment que maintenant. Lexpérience des uns et des autres, ainsi que des
échanges entre pécheurs professionnels, fabricants de matériel et scien-
tifiques sont encore nécessaires pour améliorer les DCP afin qu'’ils répon-
dent encore mieux aux attentes de la profession.
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Abstract

In Curagao, deep-water FADs with GRP surface buoys were developed
and tested. The first FAD was deployed in 1993. Up to now, a total of
5 FADs were deployed at the following depths: 730, 685, 700, 754 and
574 metres. Changes were made to the surface buoy, resulting in an
improved design, the MKII surface buoy. One FAD lasted three years and
one month. The main features of the design used are: the use of a spar-
buoy design with constant tension on the moving chain to avoid slam-
ming and jerking of the surface buoy; liberal use of sacrificial anodes,
and maintenance to replace these anodes about once a year; the use of
a short anchor chain with depth buoys, that does not touch bottom; a
one-piece inverted mushroom anchor. With the GRP surface buoy, a
reserve buoyancy of approximately 800 kg is obtained with chain as exter-
nal ballast about 610 kg of net buoyancy remains (it would seem that the
reserve buoyancy needed where strong currents occur, has been underesti-
mated in many designs). Five new GRP MKII buoys are now under
construction. Utilizing the experience gained with the deep-water
FADs, two new types of FADs made of 500 mm diameter PVC tubes were
designed to be used in waters of shallow and medium depth (150-
400 m). One design uses a 3-m length of PVC tube, the other a 5-m
tube (500 mm diameter). One FAD with 3-m PVC buoy has been tested
succesfully, two 5-m PVC buoys are under construction. The use of PVC
results in a buoy which is substantially less expensive than a GRP buoy.
On the other hand, this type of buoy can probably not withstand che
same forces as a GRP buoy and we assume that for use in deeper waters

the GRP MKII buoy will still be needed.

Introduction

Function of FADs

In many countries, a large number of people derive either full-time or
)
part-time income from artisanal fisheries. In addition to the fishermen

themselves, some people market the fish, fishing vessels are built and

maintained locally, etc., thus adding a considerable multiplier effect.
Even though the fisheries sector is seldom of great importance in terms
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of its contribution to the Gross National Product (GNP), it does have
a substantial social impact. In many countries, a considerable amount of
foreign exchange is being saved which would have had to be spent on
food imports. For these reasons, effores to develop fisheries, within che
framework of responsable use of existing resources, make economic sense.
The use of FADs can improve the production of artisanal fishermen,
lowering fuel costs and reducing the time spent loitering at sea looking
for fish. The FADs act as a habitat for juvenile fishes which otherwise
might have perished and probably have some positive influence on fish
production. Nevercheless, the enhancement role of FADs is of very limited
importance. Basically FADs do not “produce” fish, but only aggregate
dispersed fish making it easier to catch them. As with all fishing
methods however there are certain drawbacks. There are limitations
where FADs can be placed. Conflicts can arise between fishermen from
competition for space around the FADs and in some areas FADs are
known to attract large numbers of juvenile fish, thus creating the
problem of overharvesting a part of the population which has not yet
reached its reproductive potential.

Types of FADs

FADs can vary from fairly simple payao type scructures (shallow-water
FADs) to more elaborate deep-water devices. Several different designs
exist.

Spar buoy designs

A spar buoy design is well-suited to waters with short-length, choppy
waves. Such a buoy can be constructed for a reasonable price and can
withstand fairly rough weather although may be not a full-blown
typhoon passing directly overhead. With a spar buoy design all the
loads can be transmitted »iz the nose cone to the centrepole (a three
bridle chain can be avoided). The buoy can move up and down in the
water and adjust to changing loads more gradually than a flac cylinder buoy.
When properly ballasted with chain as external load, the buoys have a
very sea kindly motion. Even in choppy waters, the spar buoy type
float will dampen motions and will not jerk or slam like a flat tyre-type
buoy. This was confirmed through observations by divers on a spar
buoy type FAD used in Curagao. The spar buoy was able to withstand
periods with very rough seas; we believe that the fact that this type of
design was used is a decisive factor in determining the survival of the-
se buoys in the open seas. A disadvantage is that quite some ballast is
needed. In areas with short waves such as the Caribbean, the spar buoy
has an obvious advantage, which may be less pronounced in areas with
long waves. Nevertheless, in areas with long waves, short waves are
often superimposed on the long waves, especially during periods of bad
weather. In such conditions, a spar buoy design could hold a decisive
advantage.
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Designs that utilize a series of small buoys in the mooring line

In several areas in che Indo-Pacific region, deep-wacer FADs which uri-
lize a series of small buoys in the mooring line are used. A series of small
buoys is used to absorb changes in tension on the main line. As in a
spat buoy FAD, it can be seen that is necessary to absorb the changing
tension of the line gradually; the smaller floats have the function of
dampening motions. In the Caribbean, such designs are used in Mar-
tinigue and Guadeloupe. Two basic designs exist. A large deep-water
FAD designed by an Ifremer team (Taquet ¢/ /., 1998) and the Gua-
deloupe deep-water FAD of low-cost design.

When currents are strong, the whole FAD, which is built up out of
depth-resistent floats will be submerged and will return to the surface
when the cutrent slacks. The design is thus well-suited for use at larger
depths and in regions with strong currents. Compared to a FAD with
one spat-buoy surface float, a FAD of such design can be moored easily
at much larger depths. A disadvantage of the design is that the small
surface buoy and its marker are not well visible from afar. Artisanal fisher-
man may have trouble finding the FAD. When the current is slack a
row of small floats is exposed at the surface. Especially at night these
can be overrun by ships. When moored in deeper waters, the radius of
movement is quite large, it is thus difficult to indicate exactly where
the buoy will be. This design is thus not suited for areas with a lot of
shipping traffic.

Designs with taut cable, submerged-steel sphere, and surface indicating buoy

Designs exist for FADs which ucilize a taut Kevlar or steel cable, a sub-
merged-sceel floating sphere, and a surface indicating buoy. Thete isa
surface float, indicating where the submerged FAD is moored. From the
submerged-steel floating body, a floating polypropylene rope, with
some slack in it, runs to the surface and is connected to a relatively simple
and cheap spar buoy with radat-reflector at the surface. A standard spar
buoy such as those that ate commonly used in longline operations can
be used for this purpose. If the surface buoy is hit by a ship, there is a
break-off point in the polypropylene line going to the surface. The
relatively cheap surface buoy may then be lost, but a new surface buoy
can easily be attached by a diver. Conceivably, a FAD of such design
would be very durable, lasting many years, only the small surface indi-
cating buoy would have to be changed at certain cimes. Even without
the surface buoy the FAD would still be effective, allowing one to fish
if the position of the FAD is known. The taut-cable design is however
ill-suited for deeper waters. Divers have to be able to safely reach the
submerged float and perform basic work, such as attach a new polypro-
pylene line with surface buoy. If we assume that normal scuba equip-
ment is used and assume that the work can be performed on days with
relatively weak currents, then the submerged buoy should not exceed
a depth of about 50 m on such days. Since the submerged float also has
to be moored at a minimum depth of 15-20 m, in order to allow ships
to pass over it safely, this leaves a fairly narrow range, say 20-50 m
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Figure 1

The 3-m PvC surface buoy,
moored in water of
approximately 260 m depth.
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within which the submerged float has to fall. This requirement makes
it almost impossible to use such a design in deep-wacers. Since che
scope of the FAD as a whole is very small, and the sources of error in
accurately positioning a FAD in deep-water are many, it is almost impos-
sible to achieve the necessary accuracy to succesfully deploy this type
of FAD in deeper waters.

FAD programme in Curacao

Deep-water FADs (500-800 m})

For the Curagao programme, a spar buoy design was chosen for the sur-
face buoy (fig. 1). This decision was reached after viewing a video of
the Puerto Rico tyre-type FAD developed by Fiegenbaum, Friedlander
and Bushing (Fiegenbaum ¢z «/., 1989). In view of the short wave
choppy sea conditions prevalent in Curacao, it was felt that a spar buoy
design would be more suitable than a tyre-type design.

The designs which were reviewed in the 1984 South Pacific Commission
Handbook (Boy & Smith, 1984) were studied. A design for Curagao was
arrived at and three deep-water FADs, using GRP (glass reinforced
plastic) surface buoys (MKI buoy) were constructed. Key elements of this
design are the following:

- the use of a spar buoy design, with constant tension on the moving
chain to avoid slamming and jerking of the surface buoy;

- there is only one main line, attached to a single chain, a three-way
bridle is avoided,;
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Figure 2
Anchor boxes before
concrete was poured.
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- liberal use of sacrificial anodes (at least 3 anodes of 2 or 2,5 kg each),
and maintenance to replace these anodes about once a year;

- the use of a short anchor chain, with depth buoys, that does not touch
bottom;

- use of a one-piece inverted mushroom anchor (fig. 2);

- ample reserve buoyancy (it would seem chat the reserve buoyancy
needed in areas with scrong currents has been underestimated in many

designs, see below).

The first FAD with the MKI buoy (van Buurt, 1995) was deployed in
1993. Up to now, a total of 5 FADs were deployed at the following
depths: 730, 685, 700, 754 and 574 metres. The following changes were
made to the surface buoy, resulting in an improved design, the MKII
surface buoy (fig. 3):

- the MKII surface buoy is slighty larger, increasing the reserve buoyancy
with about 188 kg (from 426 to 614 kg). When calculating this reserve
buoyancy, the submerged weight of the external chain ballast (approxi-
mately 190 kg) has already been taken into account;

- the internal battery box of the MKI buoy and its top cover were eli-
minated. The MKII buoy has a much stronger curved top cover;

- a flexible compound was used to seal off the through-hull passages
of the cencrepole.

Using this FAD design with the MKII surface buoy, it should be possible
to maintain a deep-water FAD with a lifetime of three or five years. If
this goal is achieved such a FAD would be economical, and also much
more cost-effective than less costly systems with a shorter lifecime.

Mooring system

For a deep-water “longlife” FAD, a mooring line with a minimum dia-
meter of about 20 mm polypropylene has to be used. The strength of
such a chick mooring line is not primarily needed to hold the surface
buoy but to give sufficient protection against fishbite and to help to
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Figure 3
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withstand illegal moorings. Even when informed and prohibited to do
s0, some boats will always moor to the buoy. The buoy should thus be
able to withstand such illegal moorings to a certain extent. The dia-
meter of the mooring lines and their length, along with the strength
of the prevailing currents, will in turn determine a large part of the total
drag and thus also determine the reserve buoyancy, the minimum size
of surface buoy needed and the weight of the anchor. Quite often, it
seems the reserve buoyancy needed for a deep-water FAD has been
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underestimated. A sizable surface buoy and anchor will be needed. An
inverse catenary Nylon-propylene mooring system is usually used. In
the Curacao no. 3 and no. 4 FADs, the following fairly typical mooring
system was used:

Surface buoy

[ shackle 16 mm

1 swivel 3/4” (4 kg)

I shackle 16 mm

3 m chain 14 mm

1 shackle 14 mm

1 steel-ring 14 mm or monkey plate/fish plate (to facilitate buoy
changes)

1 shackle 14 mm (items 1 to 6, approximately 22 kg)

50 m chain 14 mm (approximately 215 kg)

1 Samson-Nylite connector (3/4”-13/16”) wich shackle

1 rol Nylon 220 m, 20 mm

1 Samson-Nylite connector (3/4”7-13/16") with shackle

1 swivel 1/2”

1 Samson-Nylite connector (3/4”-13/16”) with shackle

3 rols polypropylene 3 x 220 m, 20 mm

1 Samson-Nylite connector (3/4”-13/16") with shackle

1 swivel 1/27

1 shackle 14 mm

5 m chain 14 mm with 3 “Cies” depth floats

1 shackle 14 mm

1 swivel 1/2”

1 shackle 16 mm

Anchor

It is necessaty to use shackles which use a bolt and nut with a split pen.
Those shackles which need not to be opened again can be spot-welded
before deploying the FAD. The sutface mooring chain used in Curacao is
fairly long, usually a shorter mooring chain would suffice. Since the
mooring chain is fairly expensive a shorter mooring chain is cheaper. On
the other hand, there ate some advantages in using a long chain. It is very
difficult co steal the buoy, a diver would have to go down to approximately
55 m depth in open water to cut the rope. Since someone wanting to steal
the buoy presumably would not know where the chain ends, it is likely
that an unauthorized diver would turn back at the 40 m level. It is very
difficult to turn loose the shackles without using a lift-bag and this can
only be done in relatively calm weather. One of the disadvantages of a
spat buoy design is that quite some ballast is needed. The chain acts
as external ballast and is more effective in keeping the buoy upright
than the internal ballast since it is attached at the end of the centrepole
which works as a lever. The internal ballast can thus be reduced
somewhat, making it easier to tow the buoy behind the ship in a hori-
zontal position and leaving more reserve buoyancy since the buoy can be
kept fully upright wich less total ballast. The radar-reflector on the MKII
buoy is 4,5-5 m above water level (fig. 4).

236



Figure 4

The MKi surface
buoy

(FAD no.3) moo-
red

at approx. 700 m
of depth;

the radar-reflec-
tor is approxima-
tely 4.5 m
above the sea
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Instead of 20 mm Nylon, 18 mm can be used, this diameter was not
available locally at the time.

Radar-reflector and light

It is very important to be able to see the buoy from afar. If the top
light and radar-reflector are too low, a buoy will be difficult to see even
in moderate waves; such a buoy is likely to be overrun by ships. With
a spar buoy the light and radar-reflector can easily be put fairly high
above the water.

Underwater attractors

FADs without underwater attractors will attract fish, but underwater
attractors can increase the effectiveness of FADs. Many different materials
can be used to provide a sheltering structure in practice; however, one
has to take the amount of drag that such materials will produce into
account to avoid the surface buoy to be dragged underwater. The ideal
underwater ateractor should provide a sizable shelter structure while
minimizing drag. Ies durability and drag characteristics are very impor-
tant. A main problem is that, while they can hold out for a considerable
time in calm or moderate seas, most underwater attractors do not last
very long in rough seas.
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Plastic fibres can be used which are enmeshed in the mooring chain or
mooring line of the FAD. In the no.3 Curacao FAD, strands made of
14 mm Nylon rope, which were fastened to the mooring chain, were
used. Up o now, these have outlasted all previous underwater ateractors,
which were used (Maclntosh, MacIntosh mounted on PVC dampening
pole, Fiegenbaum attractor), none of which lasted more than chree weeks.
The strands have the advantage of being cheap. They do not cause
much drag, and there is not much snagging of hooks. On the other hand
they may be less effective as a shelter scruccure compared to other types
of underwater attractors.

Anchor

The weight of the anchor should be designed to equal twice the reserve
buoyancy of the sutface buoy. The holding power of a block is about
half its (submerged) weight. Even if the buoy were to be dragged below
the surface by strong currents, the anchor should still hold. On the
other hand, the anchor should not be excessively heavy since this will
increase handling problems and costs.

A heavy one-block, inverted mushroom anchor (a one-piece concrete
and iron block) was used.

When a heavy anchor of approximately 1200 kg is needed, it can be
constructed as a low box (0,4 x 1 x I m?) made of steel plates which is
filled with concrete (approx. 340 kg of steel, 900 kg of concrete). A
reinforcement mat can also be used. Should the concrete crack from the
impact of the anchor hitting the bottom, the concrete would still be
contained in the steel box and the structural integrity of the anchor would
be maintained. The bottom side of the anchor is provided with two 2”
(5.08 cm) U beams to increase grip on the substrate and to prevent che
anchor from sliding along the bottom.

Shallow and medium-depth FADs {150-400 m)

FADs with PVC (Polyviny chloride) pipe surface buoys

In Curacao, various types of buoys were tried out as mooring buoys for
small boats in coral reef areas. A buoy made of PVC pipe, a stainless-steel
centrepole, concrete as internal ballast and some chain as external
ballast was selected as being the most practical and cost-effective. The
advantages of such a buoy are:

- if the buoy is hit by a ship, it will usually simply roll away;

- the buoys are easy to construct, PVC pipe is widely available in various
diameters and is usually sold in 6-m length. It is of relatively low cost.
PVC endcaps can also be purchased easily. For these mooring buoys
3-m length of 6” pipe were used;

- the buoy will stand high out in the water and can be easily seen from
a distance. It is advisable to paint the buoy. A combination of orange
and white is practical. The orange gives good visibility during the day-
time, while the white stands out at night. If the PVC is painted, the
paint will protect it from degradation by UV light. On thicker, larger
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diameter pipes, this is less critical. The PVC will degrade somewhat on
the outside, but due to the thickness of the wall the outer layer of
somewhat degraded PVC will protect the rest of the material.

The same characteristics which make the PVC pipe-type buoy suitable
as small mooring buoys also make them suitable as surface buoys for
shallow and medium-water FADs. Since the PVC pipe buoy is a spar buoy-
type float, it will adjust to changing loads more gradually than other
types of buoys. When properly ballasced with concrete as internal ballast
and chain as external load, the buoys have a very sea kindly motion.
Even in choppy waters, the spar buoy-type float will dampen motions
and will not jerk or slam like a flat tyre-type buoy. In Curagao, a deep-
water FAD chat was moored only about 1,2 nautical mile offshore in water
of 685 m depth has been actracting fish succesfully. In some areas, it
is possible to attract fish in waters only 0,5-1 nautical mile offshore. For
this reason, the Curagao Department of Agriculture and Fisheries has
been working on designs for a light shallow-water FAD (150-250 m)
and a medium-depth FAD (250-400 m), based on the Goodwin (1986)
design, which is cheaper to construct and can be moored nearer to
shore as a supplement to the larger deep-water FADs. The main diffe-
rence between this new Curacao medium-depth FAD and the PVC spar
buoys used in Saine-Kitts is the use of a centrepole. On small buoys a
centrepole is not needed, but on somewhat larger buoys the centrepole
will help to keep the buoy upright and will distribute forces more
equally viz endplates welded to the centrepole. Some cross members
of wood are used to distribute forces to the pipe more equally. A stain-
less-steel centrepole with two flanges at the endcaps is used, and each
buoy filled with some concrete ballast in the centrepole and HDPU
(high density polyurethane) foam in the PVC pipe. A radar-reflector is
added to the mast, to improve visibility. As with larger deep-water
FADs, it is necessary to seal the holes where the centrepole exits through
the PVC endcaps with a flexible compound. As in the larger deep-water
FADs it is advisable to use sacrificial anodes on the centrepole, to protect
the mooring chain. A similar Nylon-polypropylene mooring system is
used. When larger buoys are needed, it is probably better not to use
PVC pipes, but to use the more costly GRP, or other marerials of higher
strength.

The 3-m length PVC surface buoy

Two surface buoys of 3-m length can be made out of a 6-m length, 50 cm
diameter standard PVC pipe (fig. 5). Each buoy has a volume of approxi-
mately 588 1(0,59 m?). The weight of such a buoy is about 170 kilo-
grammes. Using only external ballast (112 kg with a submerged weight
of 95 kg) a reserve buoyancy of approximately 323 kg can be achieved.
Depending on the thickness of the mooring ropes used, a FAD with such
a buoy as a surface buoy can probably be deployed in waters up to about
250 m depth. A sizable buoy can thus be constructed with low-cost PVC.
One such FAD has been moored in water of approximately 260 m depth
(14 May 1998), it lasted 582 days in the water.
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Figure 5

PVC (3 m) surface float
for medium-depth FAD
(approximately 250 m).
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The 5-m length PVC surface buoy

The 500-mm diameter PVC pipe is also available in 5-m standard
lengths. Since these buoys were still under construction at the time of
writing the exact weight and net reserve buoyancy are not yet known.
Based on the experience with the 3-m PVC buoy the weight of the 5-m
PVC buoy is estimated to be approximately 280 kg, the net buoyancy
(with 95 kg submerged weight of external ballast) will be approxima-
tely 600 kilogrammes. This buoy would thus have more or less the
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same reserve buoyancy of the larger and stardier MKII buoy, which uses
more ballast. However, since PVC is not as strong as GRP, we do not
intend to deploy this buoy to the same depths of water.

Selection of suitable location(s)

Some criteria have to be respected:

- the FAD should be placed in an area where fish are known to occur.
A FAD cannot aggregate fish if these fish are not present. A deep-water
FAD should be sicuated in an area where migrating pelagic fish are
known to pass.

- slope: steep bottom slopes are to be avoided, since the anchor could
slide down into the depths taking the buoy with it;

- areas with heavy shipping traffic should be avoided;

- the FAD should lie within reach of the artisanal fishermen who are going
to use it;

- deep-water FADs should be moored some distance offshore. The South
Pacific Commission Handbook advises to keep a mininum distance of
two nauctical miles offshore. In areas with very deep-waters nearshore
deep-water FADs can sometimes be employed succesfully nearer to
shore, in areas where pelagic fish are known to pass;

- there should be a minimum of 3-5 nautical miles spacing between
deep-water FADs. A line of FADs can sometimes be used to deviate migra-
ting fish from their normal routes and “guide” fish towards certain areas.
If the above criteria have been met, other less critical criteria determining
the choice of the location are:

- a more protected environment, for instance at the leeward side of an
island;

- selection of an area from which a buoy that works loose from its
mooring would most likely be driven towards the shore, or towards an
other island and would stand a chance of being recovered.

When all the above criteria have been taken into consideration, it can
usually be seen that the limitations on where FADs can be placed will result
in a few areas only being available. The importance of such sites should
be taken into account when coastal management studies are done.

Deployment of FADs

Accurate depth measurement

To deploy a medium or deep-water FAD, a fairly accurate estimate of
depth is needed. In some areas where accurate nautical maps exist and
depth contours are far apart, which is the case where a broad under-
watershelf exists, the use of an echosounder is less critical and the depth
could be taken from the map, using one’s position. In areas with a
sloping bortom topography, the nautical maps give depth contours
which have been extrapolated from a grid of fairly dispersed readings,
and thus, cannot be relied upon for the precise positioning of a deep-
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water FAD. As mentioned eatlier, steep slopes are to be avoided, since
the anchor could slide down into the depths taking the buoy wich it.
If an anchor scope of 1.2 to 1.3 is to be kept, and we assume the FAD
to be moored at a 1000 m depth, then the anchor should fall within
approximacely plus or minus 40 m of this depth. In order to deploy deep-
water buoys, an echosounder which can give fairly accurate readings in
deeper waters is needed.

It is necessary to adjust or correct for variations in sound velocity. Sound
velocity in sea water is a function of temperacure, salinity and pressure.
The relation between sound velocity and these parameters is given by
Wilson's equation. Sound speed tables based on Wilson'’s equation can
be found in the Handbook of Oceanographic Tables (Bialek, 1966). Using
data from the National Oceanic Data Center (NODC), oceanographic
database at the Scripps Institute of Oceanography or other available data,
a depth-vertical sound velocity calibration curve can be established. A
calibration curve should be made plotting harmonic mean vertical sound
velocities against depth (Maul & Bishop, 1970). From such a depth-sound
velocity calibration curve, it can be seen that some adjustment is indeed
necessary to obtain accurate results (fig. 6). In view of the other abun-
dant sources of errors in precisely positioning the FADs, it is imprudent
to add others that require lictle effort to eliminate.
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Launching of FAD

When launching the buoys two vessels were used: a launching vessel
and a marker vessel.

In Curagao, the current is usually strong, also the depth contours are
quite variable. Under these conditions, it was found to be absolutely
necessary to put the depth sounder on a marker vessel inscead of the
launching vessel. Also, it was found to be necessary to calibrate the echo-
sounder as described above. Conceivably in areas with weak currents and
gently sloping bottoms, or where the plateau bottoms out, it may not
be necessary to use such procedures.
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All lines will be paid out. The vessel wich the depth-meter will act as
the marker vessel and stay put at the correct position where the buoy
is to be set. The launching vessel will move about 200 m upstream of
the marker vessel and launch the buoy, both the buoy and the launching
vessel will then start to drift toward the marker vessel, the buoy drifting
faster; when the buoy reaches the vicinity of the marker vessel the
anchor is also launched. This way fairly accurate positioning can be
achieved even when currents are strong,.

The “anchor first” method is an option if one has a larger vessel available,
with a winch that can hoist and lower the anchor. Usually, it is fairly
expensive to rent such a vessel from a civil engineering contracror. If
such a vessel were available at a reasonsable price then the “anchor
first” method is preferable. In such case, it is not necessary to use a
separate “marker vessel” either. When launching FADs from a smaller
vessel without a crane the “anchor first” method is not an option, if only
for safety reasons. In such case, the “anchor last” method should be
used.

If the size of the vessel used will allow, it is preferable to use a one-piece
anchor. When handling a heavy one-piece anchort, such as is needed for
deep-water FADs, an anchor release ramp should be constructed to
facilitate launching of the anchor. Such a ramp can be constructed in
such a way that it can be attached to a rented vessel. The anchor could
be jettisonned by releasing a handle. In Curacao, the tourist-party boat
MS Mermaid is used for launching the FADs and the anchor ramp is
constructed with a bracket that can be easily secured to the stern of the
MS Mermaid. The vessel is rented at the normal tourist-party tariff of
NAf 600 = US$ 327 per trip. In addition to the MS Mermaid, a small
“marker vessel” is also rented at a much lower price. If the vessel
available for launching FADs is too small to safely allow for use of a one-
piece anchor then the following technique can be used. Two oil drums
filled with concrete are used, one on either side of the vessel, with the
chain connecting them already passing below the keel of the vessel
(Ben-Yami, 1989). Both are then thrown off at the same moment.

Maintenance

With any “longlife” FAD programme some maintenance is necessary.
Longevity of FADs can only be achieved if maintenance constitutes an
integral part of the programme.

Sagtificial anodes

If sacrificial anodes are used to protect the mooring chain, then it will
be necessary to change these about once a year (the FAD in Curacao was
found to use approximately 200 g of sacrificial anodes per month).
This can be done as follows. Divers release the tension on the mooring
chain by attaching a lift bag to the mooring chain at about 7-m depth.
Subsequently, the bag is filled with air. The anodes on the spar buoy
can now be changed.
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Leaking buoys or buoys otherwise damaged

If leaks develop rhe surface buoy can be detached, replaced by another
buoy and towed away for repairs. Again a lift bag is used. If a monkey
plate (also known as fish plate) is incorporated in the mooring design,
then it is fairly easy to change buoys. A piece of chain atcached to the
new buoy is bolted to the monkey plate in the mooring chain of the
old buoy. By incorporating the necessary mechanisms to replace leaking
buoys in time, these can be recovered before they are lost taking che
whole FAD with them. In any FAD programme, there should always be
at least one spare buoy available at all times. Over the duration of the
programme, this will generate considerable savings. Buoys thac are
replaced are repaired, repainted, etc.

Light, solar panel, electrical system

To increase its visibility at night, the FAD can be equipped with a top
light. Kerosene or gas lamps can be used but these are not very practical
since the fuel does not last very long. The top light can be powered by
batteries. If a photocell is used to turn on the light at nightfall and turn
it off at daybreals, then the batteries will last longer. Nevertheless, it will
be necessary to replace the battery quite frequently. The batteries can be
charged with solar panels or a small wind generator. More sophisticated
marine lamps exist chat automatically replace a burnt-out lightbulb with
a new one, the system holds six lamps. This way the lights can last a
long time, but the price increases quite a lot. A system of this type,
consisting of top light, solar panel and batteries is quite expensive,
without it the whole FAD would be significantly cheaper. The range
and power of an industrial-type marine lamp is not really needed. The
lamp and solar panel are relatively vulnerable to rough handling. When
the buoys ate loaded on the ship and when they are launched into the
water, great care has to be taken to avoid smashing the lamp and/or
solar-reflector against the ship. When buoys are launched or changed, great
care has to be taken not to submerge the lamp and solar panel; although
these are watertight they were not designed to withstand full submer-
sion. While it should be possible to service the electrical system, in
practice this can be quite a problem. Even a simple change of batteties
can be achieved only during very calm weather, in rough or even mode-
rate weather any maintenance becomes quite impossible. In practice,
in many areas, calm weather conditions may not occur very often. The
solution to this problem would be to have a relatively low-powered
fluorescent light (daylight) which can serve as an anti-collision light
enclosed in a fairly small watertight housing together with its battery,
photocell and solar panel as an integral unit. Ideally, such a unit should
be detachable to the mast of the surface buoy of the FAD. A bayonet-
type ficting could be used. This way the whole array of top light, solar
panel, and batteries can be taken off and replaced for service, and new
FADs can be launched without them, the array being attached to the
FAD when it is in the water.
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The question can also be raised whether it makes sense to have a top
light ac all. The buoy could do without a lamp and have che radar-
reflector and centrepole covered with reflective materials such as Scocch
tape. Also che buoy itself can be painted with reflective materials. This
will lower the price of the buoys considerably, and will greacly facilitate
their handling while launching, changing or retrieving. A buoy without
light (or with a completely detachable lighting system) can be com-
plecely submersible. Such a buoy can be towed behind the vessel. When
the buoy is launched, the vessel will only have to carry the anchor and
mooring lines. It would seem best to use buoys with lights only in
those areas where the light is really needed, such as areas with a lot of
sea traffic. Buoys without a top light, having a radar-reflector and
reflective materials would be used in areas with less sea traffic.

FADs and the current

After the first experiences with the MKI buoy in Curacao which had a
net reserve buoyancy of approximately 400 kg (including the external
ballast), it was felt desirable to increase the reserve buoyancy somewhat
in the newer MKII buoys. The new MKII buoy has about 680 kg of net
reserve buoyancy. On some days with strong currents the buoys were
leaving a wake and if approached by boat it would seem as if they were
slowly moving ahead under power. On such days, the buoy would be
drawn down considerably and with the MKI buoys waves would some-
rimes wash over its top cover.

In Curacao, currents are measured by the Curacao Port Authority at the
south coast near the harbour entrance. Current-meters ate sicuated at
adepth of 5 and 10 m below the surface and are attached to a platform
which stands in 12 m of water. A mean current value of 0,5 knots is
recorded with maximum values up to 2,5 knots. Almost every year
there will be some days when the strength of the current ranges from
2 t0 2,4 knots. About once every two or three years the current will be
above 2,4 knots. Usually this will last for only a few hours. Once a
current of 2,6 knots was recorded. Further out from the coast, 2 mean
current of about 1-1.5 knots flowing W-NW is usually encountered. It
is not known how the strength of this current is related to the current
measured at the harbour entrance.

We assume that in the areas where our FADs are moored a 2,7 knots
(approximately 1,35 m/s) surface cutrent can be reached, if only for a
few hours once every two or three years. We also assume that this current
will affece the whole layer of surface water above the thermocline, say
the upper 150 m of depth. During any year there will be currents of
about 2,4 knots (approximately 1,2 m/s). It could very well be that
curtents in Curagao can be much stronger, if only for a shott peak period,
than anyching similar FADs would have encountered out in the open
sea near oceanic islands in the Indo-Pacific. This observation draws us
back to the observation in the 1984 South Pacific Commission Hand-
book on deep-water FADs where it is stated that “the passage of typhoons
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in the Pacific area has been a major problem, making it difficule to
achieve the goal of developing permanent deep-water FADs”. According
to the Handbook even the best designs do not fare too well when a
typhoon passes. When a typhoon passes, short-wave length choppy
waves are suddenly superimposed on the long waves. It is also likely
that a passing hurricane or typhoon can generate surface currents of
abnormal strength, if only for a relatively short period. Several of the
designs discussed in the SPC Handbook and also those in the later 1996,
volume Il of the Manual (Gates er a/., 1996), would certainly have
insufficient reserve buoyancy for the Curacao environment, and could
probably not be expected to last more than a few months at most in
our waters.

Once a cylindrical buoy is drawn below the surface, the drag increases
and the hydrodynamic forces will usually pull it down to its collapsing
depth (Taquet, pers. comm.). Thus, usually the buoy will not resurface.
Tt is thus important to moor the buoys at such a maximum depth that
it is unlikely that currents could ever pull them down.

It should be possible to calculate the maximum mooring depth for
each type of FAD at the maximum current strength that can occur aca
given site over say a five-year period. Each FAD can than be “rated” to
a certain maximum depth, and one would make sure not to moor the
FAD any deeper. In practice however it is difficult to do this. Too many
assumptions are involved such as the exact maximum current strength,
the current strength with depth and the actual drag of the surface buoy
and its mooring chain. Even though computer simulations cannot thus
be used to determine a precise maximum mooring depth “rating”, they
are nevertheless very usefull since they do give a basic idea of the ope-
rating limits of the FADs.

Economics

There are few detailed discussions on the economic performance of FADs.
Usually there are not sufficient data available to justify a detailed
discussion of economic performance. Economic performance depends,
among others, on the following factors.

Location

The location of a FAD is very important. The FAD should be placed in
an area where fish are known to occur. A FAD cannot aggregate fish if
these fish are not present.

Catches around FAD

For a proper evaluation of the effectiveness of FADs monitoring of catches
is necessary. Accurate catch and effort data around FADs are often lacking.
One of the main problems with FADs used in artisanal fisheries is that it
is usually quite costly to collect such data. In the Caribbean, the most
extensive studies in this field were made by Ifremer in Martinique (Bat-
taglia et @l., 1991) and Guadeloupe (Lagin et /., 1993). In Saint-Kites
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Figure 7

Longevity of FADs

in Curacao. The FADs were
moored at 730, 685, 700,
754 and 574 m respectively.
The different blocks within
the colunmns of the
histogram represent periods
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on the FAD.

FADs that lasted longer

(FAD 2 and FAD 5) are those
that were moored in waters
which are somewhat
shallower.
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and Nevis data were collected by Goodwin (Goodwin, 1986). Fiegenbaum
et al. (1989) collected data around a FAD in Puerco Rico. These scudies
all indicate that the FADs do increase catches significancly.

Costs versus longevity

The ratio of costs versus longevity of a FAD is one of the most impor-
tant economic factors, once we assume that a suitable location has been
found. On one hand, we have the costs of construction, deployment and

maintenance, on the other hand the expected longevity (fig. 7).
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FAD

Deployment costs

The cost of deployment would depend in a large measure on the price of
the vessel used (as discussed above). The weight of the FAD and its anchor
will influence the size of the vessel needed and thus the deployment costs.

Costs of maintenance

This includes the cost of sending a vessel with divers to change the sacri-
ficial anodes, the cost of the anodes, the cost of refitting, painting and
effecting small repairs to the buoys. In case an electric top light is used
the (sometimes quite considerable) costs of servicing chis light, such
as for example the cost of new batteries should also be included.

Lifetime costs for the GRP (MKI and MKII) FADS
Costs approximate in US$, estimates are for the year 1995 and cost per
moncth are based on a 3-year lifespan.

GRP-FAD

Construction costs 10.500
Deployment costs 500
Maintenance costs 2 x 400 = 800
Total costs 11.800
Costs/month 327
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The costs of research and developmenc and the costs of certain equip-
ment that is used while deploying the buoys, such as che cost of the
depth-meter, the liftbags, the anchor launching ramp and the buoy
launching ramp have not been taken into account. These should be
incorporated in the cost of a large number of FADs.

and rules governing the use of FADs

Ownershi

In Curagao FADs are owned by the Curagao Island Government and
maintained by the Department of Agriculture and Fisheries (Dienst LVV).
The FADs are deployed after consultation with the harbour master
(Curagao Port Authorities), who is in charge of shipping activities
around the island. Vessels are not allowed to moor on the buoy except
in case of emergency. In practice, however, this cannot be avoided and
the mooring system of the buoy should take this into account, to a cer-
rain extent.

Conclusion

FADs in the Caribbean have developed from the eatly pioneering tyre-
buoy type (Fiegenbaum e /., 1989), work with FADs using tyres and
old netting (Goodwin, 1986) and experiment with FAD designs from
the Indo-Pacific Ocean (Ifremer), to a series of FADs that are practical
to use in the Caribbean environmenc. Several different designs exist,
each has its own niche, and may be best suited to particular areas in
the Caribbean or elsewhere. In Curagao, there is quite some shipping
traftic around the island, waves are choppy and currents can be strong.
On the other hand, the waters are deep near the island and in some
areas migrating pelagic fish move along the island not too far from
shore. In such an environment, it is probably best to use FADs wich a
spar buoy-type sutface buoy.

The use of several FADs, rated to different mooring depths is probably
more cost-effective than the use of one single standard design. Conside-
rable progress has been made towards the goal of developing long-lasting
FADs. The strength of the currents has originally been underestimated
and this has been one of the main problems encountered. In view of the
strength of the current in Curacao the maximum mooring depth for the
deep-water FAD with the MKII surface buoy should probably be limited
to around 600 metres. Under such conditions and with some main-
tenance, a lifetime of three years or more for each FAD can be realized.
The original design goal of a long-lasting FAD that could be deployed
up to about 800 m depth cannot be attained with the present design. It
is possible to construct an even larger surface buoy with even higher
reserve buoyancy. However, this does not seem to be a practical solution
to the problem.

In many areas around the island, it may not be necessary to reach 800 m
of depth since FADs closer to shore were not necessarily found to be less
effective in attracting fish. Nevertheless, a maximum mooring depth of
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600 m only will result in some reserictions as regards optimum mooring
sites available. It may be possible to extend mooring depths up to the
700 m level by reducing the drag on the mooring line. A smaller
diameter Nylon mooring line of a plaited type can be used (16 mm
plaited instead of 18 mm three-strand) and the high drag mooring chain,
which serves as external ballase can probably be somewhat shortened.
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Abstract

The development of the FADS gave rise to technical problems owing
ro their conception, their secting spot and of their utilization. Failings
generated by the unreliability of components or the uncertain repair
precariousness, those can prove to be here more and more expensive with
the progression of the ageing of devices and reasons of their loss. For
as various domains that aerospace or the fishing deck layout, the engi-
neering has functional analysis tools that permit to reduce conception
uncertainties of systems by the mean of a hierarchical classification of
function values of components. The application of one of these techniques,
the FMEA (failure mode and effects analysis) to the study of reasons of FAD
loss in la Réunion describes everything this type of method can bring to
the appraisal in fishing technology. This preventive analysis method that
counts and puts in evidence the potential risks inctegraces in the mind
of a precaution approach as it would be suitable to see and apply to the
FADs and to their exploitation.

Introduction
T

A la Réunion, le succes de 'implantation des DCP entrafna progressi-
vement la création d’un parc d'une trentaine d’unités (fig. 1) dont I'en-
trecien et le remplacement furent rapidement pris en charge par le
comité régional des péches maritimes et des élevages marins (CRPMEM),
organisme officiel représentatif des pécheurs professionnels réunion-
nais. Leur développement ne s’est pas fait sans difficuleés techniques
ni sans problémes de cohabitation avec les autres activités maritimes.
Avec le vieillissement des structures, leur maintenance est devenue une
charge de plus en plus lourde pour le comité régional des péches. En
vue d'optimiser le cofit et la longévité des DCP, une expertise technico-
économique a donc écé réalisée en 1996 par I'Ifremer (Detolle et 2/, , 1996)
avec la participation financiére de 'Union européenne (FEDER), du
conseil général et du conseil régional de la Réunion.

La méthodologie choisie s’est appuyée sur deux procédés d’analyse
utilisés couramment en ingénierie : I'analyse fonctionnelle pour la
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Figure 1
Les DCP de la Réunion
et leur répartition en 1996.
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définition fonctionnelle du DCP et I'analyse des modes de défaillances,
de leurs effets et de leur criticité (AMDEC) pour la hiérarchisation des
causes de perte.

Lobjectif est, ici, de montrer au travers de U'exposé succinct de cette
expertise ce que ce type de démarche peut apporter a Uoptimisation de
la conception des DCP et, d’une facon plus générale, a tout projet de
développement technologique.

Les principales méthodes de conception et d'optimisation (fig. 2)
[snsnmmnnnaannneiaan

L'analyse de la valeur ou «engineering value » est pour 'essentiel une
méthode qui s'appuie sur I'analyse des fonctions d'un systéme ou d'un
produit pour en réduire les cofits, notamment en éliminant les redondances
inutiles et en raccourcissant les procédés. Ces fonctions sont celles que
doit assumer ce systéme ou ce produit pour satisfaire I'objectif pour lequel
il a écé congu (fonction principale), mais aussi, pour répondre aux contraintes
imposées par la conception et I'environnement (fonctions techniques et
fonctions de contraintes) (Afnor, 1985, 1988).

Dans le cas d'un DCP, sa fonction principale est de favoriser la concen-
tration de poissons, ses fonctions de contraintes sont de pouvoir étre repé-
ré, d’informer sur les concentrations alentour, de faciliter la capture
mais aussi d’€tre résistant aux intempéries et aux usages. On peut
constater que les réponses 2 ces fonctions de contraintes ont des cofits
d'acquisition et de maintenance souvent plus élevés que pour la fonc-
tion principale.
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Figure 2
Principales méthodes de
conception et d’optimisation.
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Une contrainte incontournable pour tout systéme est la nécessicé d'étre
fiable, sous des conditions d’'utilisation courantes. En effet, les défaillances
de fonctionnement induisent des frais de maintenance supplémentaires
et génerent des colits indirects que doivent supporter les ucilisateurs

et les investisseurs.

Analyse fonctionnelle

Expression des fonctions d'un systéme
répondant au besoin fondamental
el aux exigences du milieu extérieur

l
| ‘ |

AMDEC

Analyse de la valeur

Recherche du risque minimal
Etude des défaillances
Correction de l'existant

Recherche du juste milieu
Etude du non-demandé
Mise en cause de l'existant

Développée a l'origine dans 'industrie aéronautique dans les années
soixante, 'AMDEC est une méthode d’analyse préventive qui recense et
met en évidence les risques potentiels liés a la technologie choisie. En
associant des données factuelles, prévisionnelles et prospectives, elle
facilite 'examen critique de la conception. La réalisation effectuée, elle
s'enrichit des résulrats des défaillances observées pour permettre de
renforcer la fiabilité du systéme ou du produit dont on assure la main-
tenance (Chauvet, 1991 ; Garin, 1994).

Leur application au cas des DCP de la Réunion

Les DCP réunionnais (fig. 3) sont dérivés des dispositifs mauriciens,
implantés en 1988 a la Réunion par I'Ifremer (Biais & Taquet, 1988).
Ils sont composés d’un dispositif actractif formé d’une nappe de laniéses
synthétiques fixée le long de la partie supérieure de la ligne de mouillage.
Celle-ci est constituée dans sa partie supérieure d'un premier cordage
de 200 m en nylon et, dans sa partie inférieure, d'un second cordage en
polypropyléne dont la longueur est fonction de la profondeur d’ancrage.
Lensemble est fixé au fond par un lest en béron de 800 a 1500 kg et
maintenu en surface grice a une série de flotteurs. Une perche d’acier
enfilée dans des flotteurs et surmontée d’un réflecteur radar sert de
dispositif de repérage et de signalisation.

Cette conception simple a permis d’obtenir des dispositifs peu cofi-
teux et aisés & mettre en place & 'aide d’une embarcation de péche
coeiere d'une dizaine de métres. En 1996, 36 DCP éraient répartis tout
autour de I'ile de la Réunion, entre 4 et 17 milles, et ancrés entre 400 m
et 1 900 m de profondeur.
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Figure 3
Schéma d'un DCP
réunionnais.
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La méthodologie d'analyse qui a été appliquée & I'érude du probleme
des causes de leur perte comprend plusieurs érapes allant d'une phase
de définition des objectifs et de collecte des données a la proposition
d’un ensemble d’actions prioritaires & conduire (fig. 4).

Préparation de 'étude

Définition de I'objectif

Lobjectif défini par le comité régional des péches de la Réunion érait
ici d’obtenir la structure la moins chére avec une durée de vie maxi-
male pour un entretien réduit.

Groupe de travail

Celui-ci a été composé de pécheurs professionnels responsables de la main-
tenance des DCP, d'un animateur chargé du suivi scientifique de leur
exploitation et d'un technologiste des péches pour les aspects métho-
dologiques.



Figure 4
Méthodologie d'analyse.
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Dossier d'étude
définition de I'objectif

Préparation
champ et délai
collecte des données

’ Analyse fonctionnelle ‘

l AMDEC l Analyse de la valeur

 Analyse qualitative
des défyai!lanc‘es

Recherche des causes
de défaillance

Recensement

des modes de défaillance

. Fde
deseffets

_ . Analyse quantitative
_ des défaillances

 Estimation des facteurs
de fréquence, gravite
_et non-détection

 Détermination
 delacriticite

_ Plndaction

. Suivi des actions

Recueil des donnees

Il s’agit de réunir les données historiques des différentes défaillances
observées du systéme. Selon la définition de I’ Agence francaise de nor-
malisation (Afnor), la défaillance est la cessation d’aptitude d'une entité
2 accomplir une fonction requise, telle qu'apres celle-ci, 'entité est en
érat de panne (Afnor, 1988). Les différents intervenants assurant la
gestion du parc de DCP réunionnais avaient pris soin de relever depuis
1986 toutes les défaillances que ces dispositifs avaient subies depuis leur
implantation.

Décomposition fonctionnelle du DCP

Cette étape consiste a identifier le rdle pour lequel chaque composant
d'un DCP a été créé (tig. 5). Ces différents rbles répondent schémati-
quement au moins 2 trois fonctions :

- une fonction principale (Fp) d'attraction, chargée de favoriser la
concentration de poissons ;
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Figure 5
Décomposition
fonctionnelle du DCP.

“Strap bands”
________ of ... Lomexion o
Ligne de mouillage
Dispositif d'ancrage .
¢ “Yast" Connexion
Chaine
Lest
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- une fonction de contrainte incontoutnable de signalisation du dispositif;
- une fonction technique de mouillage du dispositif imposée par la
nécessité de maintenir le DCP en un point fixe.

Fongtions Attraction || Repérage || Mouillage
{Fp}

Reéflecteur radar

Mat
Dispositif de repérage
“piquet” Flotteur
Lest

Connexion

Dispositif de flottaison ~ Série de flotteurs
“tate”

Filiére supérieure

Connexion

Flotteur de soutien

Dispositif attractif ~ Filiere principale
“filiére principale”

a@aap 00 290 ©

On remarque que chaque composant du DCP peut participer A I'exé-
cution d’une ou plusieurs de ces fonctions. Leurs colits d’acquisition et
de maintenance forment pour 'essentiel le cofit des fonctions. On peut
ainsi remarquer que, si la série de flotteurs couvrait 33 % du cofit total
des DCP, la fonction de contrainte (assurer le mouillage) en représen-

tait 62 % (fig. 6).

Analyse qualitative des défaillances

Recensement des modes de défaillance

Le mode de défaillance est le caractére perceptible ou observable de la
défaillance ou, autrement dit, son symptéme. Cette étape de qualifi-
cation consiste & recenser par fonction tous les modes de défaillance
plausibles (usure, rupture, sectionnement, bridage...).



Figure 6
Répartition des colits entre
fonctions et composants.
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~§eit 0000 —=
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Composants | |Attraction|{Repérage|Mouillage || Total par

{Fp) composant
Réflecteur radar 1% 1%
Mat
Dispositif de repérage
“piquet” Flotteur 1% 2% 3%
Lest 1% 1%
Connexion 2% 2%

Dispositif de flottaison Série de flotteurs 11% 11% 11 % 33%

tete Filiere supérieure 3% 3% 6%
j - ¢ Connexion 1% 1%
l) Flotteur de soutien

Dispositif attractif Filiére principale 7% 7% 14 %

“filiéere principale”
“Strap bands” 1% 1%
_____ o Comnexion ... 1%
Ligne de mouillage 28 % 28 %

Dispositif d'ancrage )
c st Connexion 1% 1%
Chaine 2% 2%
Lest : 7% 7%
Total

par fonction 23% 15% 62% 100%

Recherche des causes de défaillance

Les défaillances qui affectent les DCP ont des causes soit extrinséques,
liées au milieu environnant, telles que la houle ou le trafic maritime,
soit intrinséques, c'est-a-dire liées au dysfonctionnement ou 2 la décé-
rioration des composants. Il n’est pas nécessaire d’obtenir un inventaire
exhaustif pour déterminer les plus importantes d’entre elles.

Ftude des effets

Chaque défaillance d'un composant provoque un effet sur les fonctions
auxquelles il est censé participer. Par exemple, toute dégradation du
systéme de signalisation (« piquet ») affecte la fonction de repérage;
de méme, la destruction de la « téte » ou des « lanieres synthétiques »
aura pour effet la non-satisfaction de la fonction principale de concen-
tration du DCP. 1l est évident que les notions de mode, cause et effet
peuvent se confondre selon leur niveau d’application dans la succession
des événements.
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Tableau 1 - Inventaire des principaux modes, causes et effets des défaillances.

Composants Modes Causes Effets
Mit de signalisation  Rupture Tempéte Sur fonction de repérage
Flotceurs Bclatement Immersion Diminution de la
Ecrasement  Cargos flottabilité, sur fonction
de mouillage
Cordages Coque Tension, torsion  Immersion, sur fonction
Usure Fouling de repérage
Sectionnement Péche
Connexions Rupteure, Perte des fonctions
Manilles Abrasion Perte des éléments
Epissures
Lese Dérapage Poids Déplacement
Fond Immersion
Cargos Perte du DCP

Analyse quantitative des défaillances

Les défaillances d'un systeme se qualifient par leur fréquence d’appa-
rition, la gravité de leurs conséquences sur le fonctionnement du sys-
teme et les risques de ne pas les détecter avant qu’elles se produisent (non-
détection). Pour évaluer les risques de défaillance, la méthode consiste
a définir pour ces facteurs des critéres de quantification, selon une grille
de cotation - ici de 4 niveaux (tab. 2) - puis, 2 attribuer une note a cha-
cun de ces critgres. Le produit de ces notes détermine un degré critique
de risque (criticité) pour chaque mode de défaillance. Plus cet indice est
élevé, plus le risque lié aux défaillances porentielles est important.

Tableau 2 - Grille de notation AMDEC.
Note - Fréquence Gravité Non-détection
inférieure &

1 1 défaillance Mineure Signe avant-coureur
par an visible permettant
une action préventive
2 1 défaillance Moyenne Signe avant-coureur
par semestre moyennement décectable
3 1 défaillance Critique Signe avanc-coureur
par trimestre peu détectable
4 1 défaillance Catastrophique  Aucun signe avant-coureur
par mois détectable

La fréquence d’apparition est le facteur le plus aisé a évaluer surtout
quand on dispose, comme pour les DCP réunionnais, d’un recueil des
données historiques des défaillances. Elle dépend de la probabilité que
la cause de défaillance survienne et de la probabilité que la défaillance
se produise lorsque la cause est présente.

La gravité est évaluée a partir de 'importance des colits induits par la
défaillance.

Le risque de non-détection est d’autant plus important que, la cause
et le mode n’ayanc pas été détectés, la défaillance risque d’intervenir,
Dans le cas d'un DCP, ce facteur est forcément croissant avec la pro-
fondeur : la possibilité de détecter un quelconque risque de rupture a
1000 m étant nulle 4 ce jour.
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Plan d'actions préventives et correctives

La hiérarchisation des indices de criticité permet d’établir des priorités
d’actions préventives ou correctives, destinées a supprimer les causes de
défaillance ou & les éviter, Dans le cas présent, il apparait ainsi que ce sont
la filiere principale et le lest qui méritent le plus d'attention avec des indices
de criticicé supérieurs a 30 (tab. 3).

Tableau 3 - Hiérarchisation des risques de défaillance.

Composatits Modes Fréquence - Gravité = Non- Criticité
détection
Filiere principale Sectionnement 3 4 3 36
Lest Dérapage 2 4 4 32
Flotteurs Ecrasement 3 4 2 24
Filiere supérieure Usure 4 4 1 16
Réflecteur radar Destruction 4 3 12
Connexion lest-filizre  Rupture 1 3 4 12
Mat Destruction 3 3 1 9

Les solutions proposées peuvent étre immédiates ou différées et choisies
de facon telle qu’elles doivent réduire 'un ou plusieurs des facteurs de
criticité (tab. 4).

Tableau 4 - Principales solutions d’amélioration.

Composants

Modes Solutions immédiates Recherches

Filiére principale

Sectionnement  Gaine de protection, chaine
dispositif de sauvegarde

Lest Dérapage Lest plus lourd Autres formes plus légeéres

Flotteurs Fcrasement Flotteurs résistant & " Hydrodynamique de la filiere
la profondeur et aux chocs DCP immergés

Filiére supérieure Usure Cordage anti-coque

Réflecteur radar Destruction Remplacement (maintenance)  Autres systémes de repérage

Connexion lest-filiere  Rupture Connecteurs adaptés

Mit Destruction Autres systemes de repérage

Pour réduire la fréquence et la gravité, les solutions d’amélioration
immédiates ne peuvent étre trouvées que dans le remplacement des
composants défectueux par des produits plus performants utilisés pour
d’autres technologies ou, a défaut, par le méme produit. Ainsi, pour la
filiére principale, les solutions immédiates doivent viser & réduire la fré-
quence des ruptures, notamment en protégeant la zone de sectionnement
par des gaines de protection de la chafne. Le facteur de gravité pourra
quant & lui étre diminué par la mise en place d'une ligne de sauvegarde.
Pour diminuer la fréquence des risques de dérapage du dispositif de
mouillage, 'augmentation du poids du lest est une solution immédiate
simple.
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Pour le facteur de non-détection, il s'agit de prévenir 'apparition de
la cause ou déeecter la défaillance au moyen de dispositifls de détection
a choisir de préférence dans la technologie existante (caméra, tensiomeétre).
En I'absence de signe avant-coureur de défaillance facilement repé-
rable, le remplacement régulier des parties usagées est un moyen effi-
cace de prévention. Le changement annuel de la partie supérieure
(« téte ») des DCP réunionnais a réduit considérablement le nombre de
leurs pertes.

Tous les modes de défaillance n’ont pas nécessairement de solutions
immédiates et il est parfois indispensable de rechercher & mieux définir
les causes sur un plan technique et de développer en paralléle des actions
de recherche sur les priorités identifiées (amélioration du comportement
hydrodynamique, de la résistance des matériaux a la pression).

Toutes ces solutions ont des cofits dont la hiérarchisation peut venir uti-
lement compléter Panalyse des causes de défaillances pour contribuer
a I'établissement des priorités d’actions.

Suivi des actions

Lobservation montre que la fiabilicé d’un systéme n’est souvent obte-
nue que par les corrections successives des composants critiques jusqu’a
I'obtention d'un niveau de risque acceptable. En effet, I'analyse AMDEC
optimise 'expérience mais ne la remplace pas et il est souvent néces-
saire de la réactualiser en cours d'action. Ceci n'est possible que par la
mise en place d'un suivi des actions d’optimisation et de maintenance
des DCP. Ce suivi impose, comme au sein du comité régional des péches
de la Réunion, l'existence d’'une structure technique disposant de moyens
propres et chargée non seulement d’assurer la maincenance du parc de
DCP mais aussi d'apporter une démarche conceptuelle dynamique sur
son évolution.

Conclusion
oo s |

En recensant les risques potentiels de pertes des DCP et en les évaluant,
I'analyse technico-économique menée par |'Ifremer en 1996 a permis d’éta-
blir un ensemble de propositions d’amélioration. La mise en ceuvre des
principales d’entre elles et leur suivi, effectués par 'équipe de mainte-
nance du comité régional des péches, ont permis de diminuer les cofits
d’entretien et de rénovation du parc de DCP, de 6 % pour un change-
ment de « piquet », de 21 % pour un changement de la « téte » et de
9 % pour le remplacement d’'un DCP. Cette application de I’AMDEC
illustre tout ce que ce type de méthode peut apporter a la prévention
des risques a partir de la connaissance de U'existant et, d’une fagon géné-
rale, a ['évaluation des conséquences de 'impact de toute technologie
sur un environnement quelconque. Clest pour cette raison qu’elle s’in-
tegre parfaitement dans 'esprit de I'approche de précaution.
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Elle est néanmoins limitée a 'examen critique de Uexistant. Dans le cas
des DCP réunionnais, les progres risquent d’étre rapidement freinés par
les colits des possibilités d'amélioration qui seront identifiées au fur et
a mesure. Il sera donc a ce moment opportun de procéder a une remise
en question plus profonde de leur conception et faire appel 4 d'autres
applications de I'analyse fonctionnelle, comme I'analyse de la valeur, pour
la recherche de solutions plus novacrices.
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Technologie et utilisation des DCP ancrés
dans les eaux de la collectivité territoriale
de Mayotte (archipel des Comores, canal
du Mozambique, océan Indien)

Bertrand Wendling, Sébastien Le Calvé

Direction de l'agriculture et de fa forét, Service des péches et de 'environnement marin,
collectivité territoriale de Mayotte, BP 103, 97600 Mamoudzou, Mayotte
daf.spem.mayotte@wanadoo.fr

Abstract

The volcanic island of Mayotte (374 km?) is part of the Comoro Archi-
pelago which is situated on the North of the Mozambique Channel
(Indian Ocean). That French Territorial Collectivity is characterized
by sharp increasing population (growth rate: 5.8%), which is the basis
of the development issue. Most of the local halieutic yield depends on
reefs (about 2000 ¢ in 1999). The “palangrotte” technique (one line, one
hook) is the most common. The fishing fleet is composed of monoxyl
pirogues and polyester fishing boats for the 1 500 fishermen. The first
FADs (Fish Aggregating Devices) were moored in 1989. Now, five FADs
are in the lagoon and eleven are in outer waters. Assessing the econo-
mic impact of FADs in Mayotte is difficult, they seem to be poorly used
because of several local constraints: fear for offshore fishing, litcle
interest in tuna species, lack of education. Nevertheless, considering
the demographic rise and the decrease of reef resources, a programme
for fishing development based on FADs has been initiated in 1998. The
objectives are: conception of a new FAD prototype, launching of expe-
rimental fishing programme with vertical drift “longline”, education
for local fishermen. Despite data have not been analysed yet, the first
results are promising, and they validate the technical improvement of
the new prototype.

Introduction

La péche mahoraise reste a ce jour une activité artisanale pratiquée par
environ 2280 personnes, dont 35 % de femmes (Collectivité territo-
riale de Mayotte, 1994 ; Wendling & Le Calvé, 2000). Il s’agic d’une
péche pratiquée traditionnellement dans les eaux du lagon et autour
de la barriere récifale.

Depuis plusieurs années, le secteur de la péche bénéficie du soutien
scientifique et technique d’organismes de recherche et de transfert de
technologie. Ces organismes collaborent avec les setvices en place sur I'fle
pour la mise en ceuvre du suivi et du développement des pécheries.
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Figure 1
Situation de Mayotte au sein
du canal du Mozambigue.
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Les données actuellement disponibles, qu'elles soient économiques ou bio-
logiques, permettent d’affirmer qu'un développement intensif du secteur
de la péche ne peut se faire qua U'extérieur du lagon (Thébaud, 1996).
C’est pourquoi, parmi les différentes tentatives menées jusqu'a ce jour
pour diversifier les ressources exploitées, la mise en place des disposi-
tifs de concentration de poissons tient une place importante dans ’éco-
nomie du développement de la péche a Mayotte (Minet & Taquet,
1993 ; Maggiorani, 1991).

Présentation générale de l'ile
st s s |

Situation géographique

Lile volcanique de Mayotte (fig. 1), située a 'extrémité nord du canal du
Mozambique (océan Indien) entre Madagascar et U'Afrique de 1'Est, fait
pactie de 'archipel des Comores constitué de quatre fles (les trois autres érant :
Grande Comore, Mohéli, Anjouan). Mayotte est la plus ancienne (environ
8 millions d’années) et son relief culmine 2 660 m (mont Benhara).
Mayotte se trouve 2 §000 km de la méeropole, 2 1 500 km de la Réunion
et respectivement 2 400 et 376 km des cBtes de 'Afrique et de Mada-
gascar. D’une superficie de 374 km?, Mayotte comprend deux fles prin-
cipales : Petite Terre et Grande Terre, et une trentaine d'flots répartis
dans le lagon.

L'une des principales caractéristiques de Mayotte réside dans sa barriére
corallienne qui délimite un trés large lagon (environ 1500 km?) ouvert
sur extérieur par de nombreuses passes.
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i
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Le climat est de type tropical humide et présente deux saisons princi-
pales : écé et 'hiver australs.

Situation démographique et économique

Au dernier recensement de 1998 (Insee, 1998), Mayotte comptait
131 320 habitants, soit une augmentation de 400 % en trente ans. Une
natalité élevée et une immigration clandestine en sont les causes prin-
cipales. L'évolution annuelle de la population & Mayotte en 1998 est de
5,7 pour cent. Lindice de fécondité s'éleve a cing enfants par femme et
56 % de la population ont moins de 20 ans.

Cet essor démographique importanc amplifie coutes les évolutions et, en
50 ans, le paysage économique et social de Mayotte a écé bouleversé.
Ainsi, la population agricole a fortement diminué et ne représente plus
que 12 % des ménages en 1997 contre 50 % en 1950. Parallélement, les
professions intermédiaires ont augmenté de 6 2 20 % en vingt ans.

En méme temps, les conditions de vie, I'équipement des ménages, le
développement des commerces et des logements ont considérablement
progressé. Le revenu moyen des ménages mahorais s’éleve a 2700 FF/mois
(412 euros) en zone urbaine en 1995 (salaire minimum 2 506 FFen 1997,
soit 382 euros) contre 9000 FF (1 372 euros) 4 la Réunion et 12 500 FF
(1905 euros) en métropole.

Lanalyse des données économiques montre la profonde dépendance de
Mayotte vis-a-vis de l'extérieur, les besoins étant couverts & hauteur
de 2,5 pour cent. Les recettes de la Collectivité proviennent a 50 %
de subventions.

Le premier employeur reste la Collectivité et le principal fournisseur d’em-
ploi privé est celui du batiment. Il faut noter 'importance de 'organi-
sation économique locale fondée sur la pluriaccivicé généralisée alternant
activités du secteur primaire (péche, agriculture, élevage, sylviculture)
et activités du secteur secondaire ou tertiaire.

Le tourisme est encore trés faible (9 S00 visiteurs en 1997). Il est avant
tout familial méme si les croisiéristes représentent un volume croissant
depuis deux a trois ans.

Le secteur de la péche et ses contraintes
[ ceens e

Zones et techniques de péche

Lessentiel de la production halieutique locale provient du milieu récifal
(Biais et al., 1987 ; Wendling & Le Calvé, 2000). Le lagon et le récif
barriére sont les principales zones exploitées. La péche a la ligne de
fond (palangrotte) reste la technique dominante ; en 1999, elle est uti-
lisée par 58 % des pécheurs (90 % pour les hommes et 2 % pour les
femmes). Cette péche s'effectue majoritairement de nuit 2 la lueur
d’une lampe a pétrole (« péeromax »).

La trafne est surtout pratiquée en faisant route sur les sites de péche, mais
également sur les bancs de poissons pélagiques repérés griice aux oiseaux;
en 1998, elle assure 18 % des captures. En 1999, 56 % des hommes
pécheurs déclarent pécher dans le lagon et 100 % des femmes.
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D’autres techniques sont ucilisées dans le lagon : filets calés' pour moins
de 15 % des hommes (maillant et trémail), djarifa (Dahalani, 1997) pour
pres de 90 % des femmes (djarifa, ou piégeage d'alevins par les femmes
dans des draps en coton 4 marée basse), péche par empoisonnement
(l'uruva, plante secrérant de la roténone utilisée pour asphyxier les petits
poissons prisonniers du récif), péche a pied sur le placier & marée basse
et péche au fusil harpon (Blanchy-Daurel, 1990; Chaboud, 1995 ; Col-
lectivité rerritoriale de Mayotte, 1994 ; Maggiorani & Maggiorani, 1992).

Flottille

La flottille de péche (1727 unités en 1999) est composée en majorité
de pirogues monoxyles & un balancier de 3 a 12 m de long. Les derniers
résultats de I'enquéte halieutique (Wendling & Le Calvé, 2000), menée
par le Service des péches et de I'environnement marin en 1999, mon-
trent que les petites pirogues dont la taille est inférieure & 3 m repré-
sentent 24 9 de la floctille alors que les moyennes pirogues dont la taille
est comprise entre 3 et 6 m sont majoritaires avec 56 pour cent. Ces
pirogues sont propulsées a la rame ou au moteur.

Alnsi, deux pour cent des petites pirogues sont propulsés par un moteur
de moins de 10 chevaux et 98 % des grandes pirogues sont équipés de
moteurs de puissance inférieure ou égale 2 15 chevaux.

Depuis le milieu des années quatre-vingt, l'apparition d’embarcations en
polyester de 5 2 8 m, appelées localement « barques », a profondément
modifié la structure de la flottille (fig. 2). Ceci a eu comme conséquence
une rapide augmentation de ['effort de péche et une extension des zones
de péche. En 1999, les barques représentent 13 % de Ja floctille de péche
artisanale mahoraise. Plus de 97 % de ces barques sont motorisés.

Population de pécheurs

Dans les différentes enquétes menées sur le secteur de la péche maho-
raise depuis 1989, sont considérés comme pécheurs ceux qui sont recon-
nus comme tel par 'autoricé villageoise, hommes et femmes confondus.
Leffectif ainsi recensé serait passé de 1600 en 1989, 2800 en 1992, 3 600
en 19954 2 2797 en 1999, dont 35 9% de femmes (fig. 2).

Les données récentes collectées en 1999 confirment que la péche est cou-
ramment pratiquée en complémenc d’autres activieés; 79 % des per-
sonnes interrogées conjuguent leur temps de péche avec des activités
d’élevage et d'agriculture et 20 % ont des activités salariées.

La population de pécheurs est répartie tout autour de I'tle, cette répar-
tition reste trés atomisée et seul un village, Sada, se différencie par le
nombre important de pécheurs et d’embarcations puisqu'il représente
A lui seul 6 % du nombre total de pécheurs.

1. Technique utilisée par les hommes unigquement.
2. Diminution importante, ne concernant que les femmes pratiquant Ja péche a pied.
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Figure 2

Evolution du nombre de
pécheurs, des embarcations
et des moteurs entre 1962
et 1999 (Biais et al., 1987;
Jacquemart, 1980; Le Gall,
1986; Maggiorani et al.,
1995 ; Maggiorani & Tessier,
1995 ; Moal, 1962;
Palladin, 1983).
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La diminution observée est due

a un plus faible nombre de femmes

(2 160 en 1995 contre 793 en 1999}
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Production artisanale

Les augmentations continues de la population de pécheurs et de la flotcille
depuis les années soixante ne se sont traduites par une augmentation de la
production qua partir des années quatre-vingt avec le développement de
la motorisation et 'apparition des barques en polyester. Elle est ainsi res-
tée d’environ 750 t entre 1962 et 1980 puis a acteine 1 700 ¢ en 1989.
Malgré le nombre croissant de pécheurs, la production semble actuelle-
ment constante et proche de 2000 tonnes®. La principale explication de
ce phénomene est une diminution des rendements.

Cette réduction serait la conséquence de plusieurs parametres : augmen-
tation de l'effort de péche, utilisation de pratiques de péches destruc-
trices : captures d'alevins au djarifa, péche au poison, utilisation non régle-
mentaire des filets (Dahalani, 1997), et destruction de 'environnement
récifal : érosion, envasement, phénomene de blanchissement (Boise, 1997 ;
Dambreville ez /., 1995 ; Degiovanni et al., 1995 ; Descamp ¢z al., 1998).

Historique des programmes DCP
[siusasnsnnnimmn sy

Objectifs initiaux et revus

Contrairement aux autres les des Comores ot la péche sur DCP remonte
a 1956, 2 Mayotte les premiers DCP furent installés en 1989 par le Set-
vice des péches et de I'environnement marin au large de Petite Terre
(Maggiorani, 1991).

A cette époque, les objectifs principaux éraient de diversifier les techniques
utilisées, de permettre d’accroftre la rentabilité des nouvelles embarca-
tions motorisées importées sur 'fle (barque polyester) en rendant moins
aléaroires les captures de grands pélagiques.

3. Estimation de production 1999, obtenue a partir des encuétes halieutiques en cours de trai-
tement par la DAF/Service des péches et de I'environnement marin pour les six premiers mois
de 'année.
4. Analyse des données des CPUE depuis cing ans en cours de réalisation au service des
péches et de Fenvironnement marin,

265



Session 2 - Technologie des DCP

Les premiéres réalisations

Les deux premiers DCP qui furent installés en 1989 au large de Petite
Terre et de la passe de Bandrélé éraient confectionnés suivant le modele
des DCP mauriciens. Cette conception n’étant pas adaptée aux eaux
mahoraises, ces premiers DCP disparurent au bout de 6 & 8 mois.
Plusieurs adaptations furent alors réalisées er, en 1991 (Maggiorani,
1991), cing nouveaux DCP furent installés autour de 'fle de Mayorte:
deux sur la cote est et trois sur la cOte ouest, DCP congus sur les modéles
mauriciens et réunionnais.

La partie flottante était constituée d'un flit de 250 | en plastique rempli
de mousse, traversé en son centre d'une perche en acier galvanisé servant
de point d’accroche 2 une chaine plombante et d’un réflecteur radar. A
ce fiit, érait amarrée une série de 30 flotteurs de haute résistance (« boules
4 chalut », floteabilité 2,8 kg).

La partie immergée et attractive du DCP était constituée d'un feuillard
fabriqué a l'aide de gaine plastique montée sur un orin en polyamide
18 millimeétres. Uamarre écait composée d'un orin de 200 m en polyamide
18 mm, suivi d’un filin de polypropyléne 18 mm dont la longueur est
déterminée en fonction de la profondeur. Le tout était ancré au fond a
I'aide de 4 & 9 corps-morts de 100 kg chacun.

Les phases de développement

A partir de 1991, une convention d’application signée entre I'Ifremer
et la Collectivité territoriale de Mayotte a permis de dresser le bilan et
les perspectives du développement du secteur de la péche a Mayocte
(Minet & Taquet, 1993). Dans cette étude, le réle important des res-
sources halieutiques hors lagon avait été mis en avant comme ressources
en protéines pour I'aucosuffisance alimentaire d'une population en trés
forte croissance. C'est ainsi, qu'en 1992, un programme de pose de
DCP a été initié avec l'aide de I'Ifremer sur les bases de 'expérience
réunionnaise.

Deux objectifs avaient été fixés : I'exploitation de gros pélagiques (Thun-
nus albacares « thon albacore », Thunnus alalunga « thon blanc », Thin-
nus obesus « thon obeése », Coryphaena bippurns « dorade coryphéne »,
Makaira mazara « marlin bleu », Makaira indica « marlin noir », Kat-
stewonts pelamis « bonite », Carcharbinns longimanns « requin océanique »,
Carcharbinus falciformis « requin soyeux ») autour de DCP situés hors
lagon et l'exploitation de petits pélagiques (Selar crumenophthalmus, « selar
coulisou », Rastrelliger kanagurta « maquereau des Indes ») pouvant écre
utilisés comme appdts vivants autour de DCP situés dans le lagon.

Le cransfert de technologie de la Réunion a Mayotte a nécessité une
adaptation des DCP aux conditions rencontrées sur place. Néanmoins,
les DCP « mi-lourds » en place & I'époque & la Réunion onc servi de base
pour la constitution des DCP mahorais. Deux types de DCP ont alors été
mis en place : des DCP « légers » dans le lagon et des DCP « mi-lourds »
au large.

Pour les DCP « mi-lourds », le réflecteur radar érait fixé au bout d’une
perche de signalisation en acier galvanisé de diameétre (intérieur 21 mm
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et extérieur 27 mm) sur laquelle écaient enfilés trois flotteurs de chalut
de 280 mm de diamécre, le tout érant plombé par 1,70 m de chaine
de réemploi de 14 millimécres. La perche était ensuite accrochée & une
filiere constituée de 35 floteeurs de 280 mm montés sur un cible d’acier
graissé de 10 millimetres. A 'extrémité de cette filidre écait disposé le
macériel actractif obtenu avec des feuillards en plastique disposés en ridean
sur 20 m et entrelacés dans le cordage en polyamide de 22 millimétres.
Lamarre éraic composée d'un orin d’environ 200 m de polyamide
22 mm, suivi d’un filin de polypropyléne 18 mm dont la longueur
était déterminée en fonction de la profondeur. Le tout était ancré a l'ai-
de de six corps-morts de 100 kg chacun.

Pour les DCP « 1égers », le réflecteur radar érait fixé au bout d'une perche
de signalisation en acier galvanisé de diametre 21-27 mm sur laquelle
éraient enfilés trois flotteurs de 90 mm, le tout étant plombé par 1,70 m
de chafne de réemploi 14 millimeétres. La perche était ensuite accrochée
a une filiere de 35 flotteurs de 90 mm montée sur un cble acier graissé
de 10 millimetres. A Uextrémicé de cette filire érait disposé le matériel
ateractif obrenu avec des feuillards en plastique disposés en rideau sur une
longueur de 20 m et entrelacés dans un cordage en polyamide 12 milli-
metres. Lamarre était composée d'un orin de 200 m de polyamide 12 mm,
suivi d'un filin de polypropyléne 16 mm dont la longueur érait décer-
minée en fonction de la profondeur. Le tout était ancré au fond A l'aide
de quatre corps-morts de 100 kg chacun.

Programme DCP 1998

Comme suite a ces installations, le Service des péches et de I'environ-
nement marin a effectué une opération de formation aux techniques de
péche sur DCP 2 l'attention des pécheurs mahorais®. Ces techniques, essen-
tiellement la ligne de trafne, la ligne en dérive et la palangre vertica-
le, sont en effet peu utilisées 2 Mayotte.

A partir de 1992, la DAF/Service des péches et de 'environnement marin
a posé d'autres DCP pour pallier les pertes occasionnées par 'usure des
matériels. Plusieurs modifications ont alors été apportées afin d’augmen-
ter la durée de vie des installations. La filiére de boule constituée d'un cible
graissé a été remplacée par un cordage en polyamide 22 millimétres.

En 1998, une relance du programme DCP est organisée par la DAF/Ser-
vice des péches et de |'environnement marin dans le cadre du XI¢ contrat
de plan. Cette initiative, fondée sur des principes identiques a ceux
exprimés dés 1989, s’appuie néanmoins sur de nouvelles observations
du secteur de la péche & Mayotte :

- diminution des rendements obtenus dans les eaux du lagon incitant
les pécheurs a rechercher de nouveaux sites de péches plus éloignés et

plus dangereux®;

5. Intervention de deux pécheurs réunionnais & Mayotte.

6. Depuis environ cing ans, plusieurs barques en polyester de 6 a 7 m péchent sur les bancs du
Geyser et de la Zélée situés a 70 milles nautiques de l'le. Réglementairement, ces embarcations,
classées en 4¢ catégorie professionnelle, ne sont pas autorisées a pécher sur ces bancs.
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- augmentation trés imporcante de la population et des besoins ali-
mentaires’ ;

- augmentation du risque ciguatérique suite a I'important phénoméne
de blanchissement corallien observé en avril 1998 (Turquet ¢ «/., 1999).
Pour ce faire, plusieurs réunions de sensibilisation et de formation ont
été effectuées aupres des pécheurs, de leurs représentants et des orga-
nismes administratifs en charge du développement de la péche. Ces
réunions donnérent lieu & un programme de pose de 9 nouveaux DCP
autour de 'lle en 1998 et 1999. En raison des contraintes locales, liées
a la scructure et & 'équipement de la floctille, les DCP ont écé posés dans
la zone des 5 milles a 'extérieur du lagon®, sur des fonds de 700 m a
1 800 metres.

Parallelement, trois actions complémentaires ont été initiées :

- réalisation d’un nouveau prototype de DCP plus résistant et fabriqué
localement;

- lancement d’un programme de péches expérimentales a la palangre
dérivante verticale;

- formation auprés des pécheurs pour développer et valoriser ce type de

péche.

Nouveau prototype de DCP
[iemeranssresansiererssss)

Pour faire face aux nombreuses pertes observées jusqu'en 19977, une
technologie différente a écé envisagée par le Service des péches et de 'en-
vironnement matin. Cette technologie devait répondre aux exigences
sulvantes :

- trés bonne résistance aux contraintes mécaniques pour augmenter la
durée de vie des installations;

- cofit réduit;

- facilité de réalisation, de pose et de maintenance;

- forte flottabilité afin d’éviter les phénomenes d’immersions momen-
tanées qui détériorent la structure flottante du dispositif (disparition
du DCP sous 'eau en raison des forts courants observés sur zone);

- réduction au maximum des tentatives d’amarrage sauvage au DCP
par les embarcations qui fragilisent la tére du DCP.

Caractéristiques techniques

Le choix s’est porté sur la modification de la téte du DCP (tab. 1), la
filiere de flocteurs a été remplacée par une structure unique en polyes-
ter de forme ovoide.

7. Taux de croissance de 5,7 % en 1997, soit dix fois supérieur & celui observé en France
métropolitaine, phénomene dit & une forte natalité et une importante immigration clandestine
des Tles voisines.

8. Limites officielles du lagon définies par décret ministériel n® 77-1067 du 12/09/77 : défini-
tion des lignes de bases droites.

9. Durée de vie moyenne des DCP avant 1998 : deux ans.
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Tableau 1 - Caractéristiques générales de la structure flottante du bCpP
« soucoupe », comparaison au DCP utilisé antérieurement « mi-lourd ».

DCP DCP
« mi-lourd » « soucoupe »
Floctabilicé 0,3 m? = 0,05 0,9 m*x 0,1
Poids 180 kg = 5 90 kg = 10
Diametre - 2m =+ 0,05
Epnisseur centrale 0,25 m «+ 0,01 0,6 + 0,05
Longueur 30m = 0,5 -

Réalisation

La conception et la fabrication de la partie flottante ont été réalisées
localement 4 l'aide de fibre de verre (« Mat » et « Roving ») et de tésine
polyester isophtalique. Deux couvercles identiques sont confectionnés
en fibre & I'aide d’un moule, puis les deux parties sont réunies et sou-
dées (fig. 3).

La soucoupe ainsi réalisée est remplie a l'aide d’'un matériel expansif
(mousse polyuréthane bicomposant), afin d’assurer sa flotcabilicé méme
en cas de choc violent avec une embarcation. Le centre de la soucoupe
est percé d’un trou circulaire de 33 mm de diametre qui servira a placer
le systeme d'amarrage et le réflecteur radar.

Un liston de protection est enfin posé au-dessus du joint de soudure
pour protéger la soucoupe de nombreux accostages pratiqués par les
embarcations. L'étanchéité extérieure est assurée a l'aide d'un « gel-coat »
isophtalique.

La perche de signalisation est constituée d'un tube creux (tube en acier
galvanisé de diametre intérieur 21 mm et excérieur 27 mm) de 2 m de
hauteur équipé dans sa partie supérieure d'un réflecteur radar (tdle en
acier galvanisé de 1,5 mm d’épaisseur). Cette perche s’insére dans un
tube de diamécre supérieur (tube en acier galvanisé 27-33 mm) appelé
« cylindre interne » dont la longueur est légérement supérieure a
I'épaisseur de la soucoupe.

Sur la partie inférieure du cylindre interne, une manille est soudée pour
permettre |'amarrage du DCP. Sur l'autre extrémité du cylindre, des trous
de 10 mm sont percés afin d'y glisser la visserie nécessaire au maintien
du dispositif au centre de la soucoupe.

Pour ne pas abfmer la structure en polyester, plusieurs rondelles en
caoutchouc de deux centimétres d'épaisseur sont placées entre la soucoupe
et des plaques d’acier utilisées pour bloquer le cylindre interne. Le tout
constitue un ensemble solidaire permettant d’amarrer le cordage relié aux

Corps-morts.

Analyse des colits de fabrication

Limitant les colits d’importation et les frais douaniers, la réalisation du
DCP localement permet de réaliser une économie d'environ 1800 FF
(274 euros) par dispositif.
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tole acier galvanisé 1,5 mm épaisseur ~ 0,2x 0,2 m

Structure flottante
@ 2 m- épaisseur 0,6 m~ fibre et mousse
polyuréthane bicomposant

Liston de protection |—]
fibre de verre
et résine polyester

Cylindre interne
tube 0,8 m - @ 27-33 mm - acier galvanisé

Ecrou bloguant
@ 13-55 mm - acier galvanisé

Manille soudée
acier galvanisé - 4 t3/4t
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Réflecteur radar

Perche
tube 2 m- @ 21-27 mm - acier galvanisé

Rondelles protection
@ 10 mm - épaisseur 20 mm - caoutchouc

Partie creuse non remplie de mousse

Plaque bloquante acier
@15 mm - épaisseur 10 mm

Emerillon
@ 15 mm - acier galvanisé

Manille-lyre

acier galvanisé — 4t3/4 ¢ = Cosse-coeur
’ ) "/ @ 26 mm - acier galvanisé
Epissure Orin

Figure 3

Schéma du DCP

« SOUCOUPE » Congu

en 1998 a Mayotte

par le Service des péches

et de I'environnement marin.

polyamide - @ 22 mm - 3 torons

Tableau 2 - Coits différentiels entre DCP « mi-lourd » et DCP « soucoupe »
fabriqués a Mayotte.

DEP: « mi-lotird » DCP « soucoupe »'0
: classique (EF) (FF)
Téte DCP 1200 5400
Filiére 6000 /
Feuillard 600 600
Cordage 7 800 7800
Corps-mort 2100 2100
Pose 5000 5000
Total 23000 21200

PN

Les coflits comparatifs pour un DCP posé 4 5 milles a 'extérieur du
lagon sur 1000 m de fond sont présentés dans le tableau 2.

10. Ce premier DCP « test » a été placé a Mayotte en mars 1999.
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Evaluation du fonctionnement
ot e sennnnansn i )

Contraintes locales

S'il est difficile d’évaluer 'impact économique des dispositifs de concen-
tration de poissons & Mayotte, c’est en raison de l'absence de données
fiables sur leur exploitation. Il semble qu'ils soient largement sous-uti-
lisés jusqu'a maintenanc. Ce probléme s’explique par les points suivants.
D’une part, la péche mahoraise a toujours écé pratiquée dans le lagon
en zone abritée 2 'aide de petites embatcations rarement motorisées.
Ces habitudes traditionnelles constituent un frein important pour les
anciens pécheurs, plus en sécurité a 'intérieur du lagon (en 1999, 32 %
des hommes pécheurs déclarent ne jamais pécher hors-lagon).
D’autre part, la consommation des poissons pélagiques est & ce jour
peu appréciée des Mahorais qui privilégient la chair des poissons a
écailles. Ceci a pour conséquence un prix moyen de vente des poissons
pélagiques inférieur A celui des poissons capturés dans le lagon!.
Enfin, la péche sur DCP érant une péche récente, les techniques utilisées
a ce jour ne permettent pas leur pleine exploitation.

Fréquentation

A ce jour, les données statistiques disponibles 2 Mayotte ne permettent
pas d’établir de facon formelle la fréquentation des différents DCP.
Néanmoins, les derniers résultats de 'enquéte halieutique de 1999
(Wendling & Le Calvé, 2000) nous confirment que 50 % des hommes
(1 % des femmes) considérés comme pécheurs connaissent l'existence
des DCP autour de Mayotte, 54 % vont y pécher occasionnellement
(soit 288 personnes) et 20 % souvent (soit 99 personnes pour 11 DCP
hors-lagon).

Cela concerne 231 embarcations dont 121 barques et 110 pirogues. Ces
embarcations sont équipées 2 63 % de moteurs de 15 chevaux.

Les évaluations semi-quantitatives de 'enquéte halieutique de 1999 per-
mettent d’estimer les caprures effectuées sur DCP. Les prises moyennes
sont comprises entre 25 et 45 kg par jour et par embarcation, ce qui
correspondrait & 250 t/an'? pour L'ensemble de 1'ile, soit un chiffre d’af-
faires moyen compris entre 3,75 et 4,5 millions de francs (0,63 million
d’euros) pour un investissement annuel d’environ 200 000 francs
(30 340 euros).

Discussion
oo ise i sn s

Pourquoi un nouveau type de DCP?
ace aux nombreuses disparitions des « mi-loutds », plusieurs rai-
F b lisparit les DCP lourds », pl
sons ont été avancées et certaines confirmées : le vol de la filiere de
oules en plastique et du cordage, le cisaillement du cordage de la filiere
boul last td lage, | 1l t du cord le la fil
par le nylon utilisé par les barques pour s'amarrer au DCP, les immersions

11.En 1999, le prix moyen de vente du poisson obtenu par les pécheurs est de 'ordre de 20-
25 F/kg, il n'est que de 15-20 F/kg pour le thon.

12. Production annuelle de thonidés en 1998 : environ 500 tonnes.
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répérées lors des périodes de fort courant. Le modele « soucoupe » aura
été l'occasion de mectre en place une armature sur laquelle il devient
tres difficile de voler le cordage situé encierement sous 'eau. De plus,
I'amarrage devienc lui aussi plus contraignant et il se réalise sur la
perche résistante aux phénoménes de cisaillement du nylon. Notons
que sa surface importante a écé utilisée pour y inscrire, en francais et
en arabe, des éléments d’information « n° du DCP » et « Interdiction
de s’accrocher a la bouée » & destination des pécheurs.

La réalisation d’un DCP sur Mayotte nécessite obligatoirement I'im-
portation de matériels (cordage, structures floctantes...) qui engendre
un surcolit pour la fabrication. L'utilisation d'une technique simple et
éprouvée sur I'fle aura permis de s'affranchir en partie des besoins d’im-
portation. De plus, les retombées économiques locales sont plus impor-
tantes en termes de main-d’'ceuvre puisque la structure est totalement
réalisée par une entreprise locale.

Sur Mayotte, le manque de moyen a la mer restant une contrainte
majeure pour la pose et I'entretien des DCP, grice au modéle « soucoupe »,
les travaux de pose et de maintenance s’en trouvent facilités. Avec une
forte flottabilité, le flotteur est aisément tracté par I'embarcation res-
ponsable de la pose ou de la maintenance.

Enfin, si la fragilicé de la matiére utilisée pour les soucoupes (fibre poly-
ester) nous est apparue lors des premiers tests comme une contrainte, il
s'aveére que les réparations sont peu coliteuses et trés simples & réaliser.
La réalisation d'une nouvelle forme de DCP n’est pas une entreprise
facile, les qualités principales étant :

- un cofit réduit;

- une fabrication simple;

- une bonne longévité;

- un pouvoir attractif.

Siles deux premitres conditions semblent avoir été remplies aujourd hui,
il est prématuré de répondre a la troisiéme en raison de la récente réali-
sation des nouvelles structures flottantes. Quant au quatriéme point,
le programme de péche expérimentale a la palangre verticale dérivance,
lancé depuis le 1¢" janvier 1999 autour de Mayotte par la DAF/Service
des péches et de 'environnement marin, pourra peut-étre, y apporter
quelques réponses.

Enfin, il convient aussi de réfléchir sur les possibilités d’une interven-
tion plus active des organisations professionnelles dans le cadre du
développement de la péche a Mayotte.
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Abstract

Since the early eighties, the Secretariat of the Pacific Community (SPC,
formerly the South Pacific Commission) has contributed to the deve-
lopment of Fish Aggregating Device (FAD) programmes in the Pacific
region. In particulat, it has put considerable efforts into developing
technology that would assure a two-year average FAD lifespan, while
maintaining costs under US$ 4000 per FAD unit. From 1996 to 1998,
this work led to the publication of three volumes of the SPC FAD Manual.
Volume 2: “Rigging deep-water FAD moorings”, describes in great
detail two FAD models that were developed form the original 1983
SPC-recommended model, and gives precise instructions on the way to
construct them. Despite SPC's work, the objectives set, in particular the
two-year average lifespan for FADs, have not been consistently met,
resulting in many FAD programmes in the region being suspended.
An analysis of the reasons why this has occurred is presented, along with
a short description of the practical research that could be pursued,
using different objectives, to introduce new FAD programmes in the
region.

Itroducton

Dans la zone desservie par le secrétariat de la communauté du Pacifique
(CPS, anciennement Commission du Pacifique Sud), 21 des 22 pays
insulaires membres de la communauté ont, 2 un moment ou & un autre,
utilisé des dispositifs de concentration de poissons (DCP) et plusieurs
d'entre eux ont des programmes DCP en cours.

Les DCP ont été importés des Philippines dans le Pacifique a la fin des
années soixante-dix et ont été rapidement adoptés par les secteurs indus-
triel et artisanal, puisque plusieurs départements des péches de la région
se sont aussitdt efforcés de les utiliser comme outil de développement.
Les premiers modeles furent mis au point a partir du modele original
du payao traditionnel philippin, en tenant compte des conditions plus
rigoureuses de 'océan Pacifique et surtout des matériaux disponibles
localement. Les pécheurs ont trés vite apprécié leur efficacité mais,
compte tenu des taux de perte tres élevés et des cofits importants de
fabrication par unité, les planificateurs nationaux et les bailleurs de
fonds se sont demandés si les bénéfices apportés par les DCP compensaient
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le cofic de leur mise en place. s se sont alors tournés vers la CPS pour
lui demander de lancer un programme de recherche et de développe-
ment pour améliorer la conception des DCP.

Ce projet a écé axé prioritairement sur 'amélioration des lignes de
mouillage et a abouti en 1984 a la publication d’'un manuel inticulé
« Design improvements to Fish Aggregating Devices (FADs) mooring
systems in general use in Pacific Island Countries » (Boy & Smith,
1984). Six années plus tard, le modele proposé par Boy & Smith avait
écé adopté par la majoricé des pays de la région gérant des programmes
DCP mais, si la durée de vie moyenne des systemes avait augmenté (de
six mois en 1983 a 12 mois en 1990), elle restait encore largement
insuffisante. La CPS a donc lancé, en 1990, un deuxiéme programme
de développement des DCP visant non seulement a améliorer les dis-
positifs mais aussi a s’assurer, par la formation de techniciens régionaux,
que les procédures de fabrication et d’entretien recommandées soient
bien comprises et mises en application. Ce deuxiéme programme a
abouti 2 la publication entre 1996 et 1998 du Manuel de la CPS sur les
DCP en trois volumes, dont le second, « Fabrication de DCP pout grandes
profondeurs » (Gates e #l., 1990), sert de base au présent document.

Objectifs techniques des programmes DCP de la CPS

Si la durée de vie des DCP utilisés par les senneurs industriels n'est pas
primordiale puisqu’un seul coup de senne peut rapporter de quoi rem-
placer plusieurs dizaines de DCP, il n'en est pas de méme avec les DCP
posés pour le secteur artisanal et le plus souvent financés par le secteur
public. Le rapport colic-durée de vie est I'élément critique de tout pro-
gramme DCP destiné au secteur artisanal. En 1984, Boy & Smith ont
établi un cahier des charges fixant trois objectifs pour mettre au point
le modele pour grandes profondeurs (1 400-1800 m) qu'ils recom-
mandent :

- une durée de vie supérieure a deux ans :

- un colit par unité compris entre 3000 et 4000 $US;

- un systéme pouvant écre mis 2 'eau par de petites embarcations (9 2
12 m).

Ces trois critéres ont servi de base & tous les modéles congus au travers
des différents programmes DCP de la CPS. Le troisiéme critére a obli-
g€ les concepteurs a limiter la taille des systemes pour qu'ils puissent
étre mis & I'eau par les bateaux dont disposent, ou auxquels ont accés,
la majorité des départements des péches de la région. Ce critére n'a
jamais posé de réels probleémes. En revanche, pour atteindre les deux
autres objectifs, et en particulier celui de la durée de vie minimum, la
CPS s’est efforcée de mettre au point une série de mesures dont la concep-
tion des lignes de mouillage ne constitue qu'une partie. Ces mesures
sont décrites en dérail dans le volume 3 du Manuel de la CPS sur les
DCP : « Mouillage et entretien des DCP » (Gates et #/., 1998) et ne
seront pas abordées ici.

277



Session 2 - Technologie des DCP

Evolution des différents modéles recommandés par la CPS
|zcenmemnasannns s

La ligne de mouillage

Au tout début des années quatre-vingt, la plupart des modeles de DCP
utilisés dans la région Pacifique (fig. 1) écaient basés sur le concept mis
au point a Hawaii a partir du payao traditionnel philippin (Matsumoto
et al., 1981). 1l s'agissait d’'un DCP « lourd », de plus de 350 | de réserve
de floteabilicé, utilisant une ligne de mouillage en polypropyléne a trois
torons de 20 mm de diamétre avec, en son milieu un contrepoids métal-
lique ou en béton pour s'assurer que sa pactie supérieure ne flotte pas et,
a chacune de ses extrémités, une longueur de chafne pour la relier au

Figure 1

Modéle de DCP utilisé
dans la région Pacifique
at début des années
quatre-vingt.
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radeau et au corps-mort. Les longueurs et les spécifications des maté-
riaux utilisés variaient beaucoup d'un pays a l'aucre en fonction des dis-
ponibilicés et des diverses expérimentations menées par chacun.

La ligne de mouillage recommandée en 1984 par Richard Boy, lieute-
nant des garde-cotes des Lrats-Unis d’Amérique et spécialiste des
mouillages profonds, et Barney Smith, conseiller aux péches de la CPS,
reprenait le méme concept général, & savoir un modéle de DCP lourd,
utilisant, pour des profondeurs de 700 a 2000 m, des lignes de mouillage
en cordage de 16 2 20 mm, en y apportant cependant plusieurs amé-
liorations importantes (fig. 2).

Figure 2

Modeéle de DCP recommandé
par Boy & Smith (1984).
Manille sécurité

Chaine 13 mm,
14m

Manille sécurité 16 mm
Emerillon ceil-é-ceil 16 mm

Manille sécurité 16 mm
Cosse Nylite plastique

Nylon 8 ou 12 torons
16 mm

Polypropyléne
8 ou 12 torons
19 mm

Cosse Nylite plastique
Manille sécurité 19 mm

Emerillon ceil-d-ceil 16 mm
Manille sécurité 19 mm

Bloc béton
900 kg

Chaine 19 mm,
30m
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Montage d'une manille
sécurité et d'une cosse
de type Samson Nylite™,

Session 2 - Technologie des DCP

¢ Mouillage a courbe caténaire inversée

Le mouillage & courbe caténaire inversée est fondé sur I'association d'un
cordage a flottabilité négative (comme le nylon) pour la partie supé-
rieare du mouillage a un cordage a flottabilité positive (comme le poly-
propyléne) pour la partie inférieure. Avec ce systéme, il n’est plus néces-
saire d'utiliser un contrepoids pour éviter que la partie supérieure du
mouillage ne vienne flotter a la surface. Ce contrepoids était considéré
comme une cause probable de rupture des DCP (Preston, 1982). Le cor-
dage nylon résiste bien aux ulcraviolets et présence une bonne résistance
dynamique, un avancage lorsque I'on considere les efforts violents dus
a la houle auxquels est soumise la partie supérieure du mouillage. La
flottabilité du cordage polypropyléne dans la partie inférieure du
mouillage permet de soulever quelques métres de chaine et I’empécher
le ragage du cordage sur le fond.

e Utilisation de cordages tressés

Lutilisation de cordages tressés a 8 ou 12 torons, dits antigiratoires, est
recommandée pour éviter les problémes de coques qui peuvent se former
lorsque des cordages 2 trois torons sont soumis a des tractions violentes
(comme, par exemple, lors de la pose du DCP).

o Utilisation d’acier a faible teneur en carbone, galvanisé 2 chaud
pour toutes les piéces métalliques

Pour éviter les phénomenes d’électrolyse, courants en milieu marin,
Boy & Smith insistent sur 'utilisation exclusive de manilles, éme-
rillons et chaine en acier a faible teneur en carbone, galvanisé a chaud.
e Utilisation de manilles de sécurité (fig. 3)

Avec les manilles normales, le pas de vis du manillon, qui est la partie
la plus fragile et la plus susceptible de se corroder, subit directement les
efforts de craction. Avec les manilles de sécurité, il ne subit pas ces
efforts. Par ailleurs, 1'utilisation d'une goupille en acier inoxydable (qui
ne pose pas de probléme d'électrolyse puisque sa masse est tres faible com-
parée a celle de la manille) permet de s’assurer que le manillon reste en
place méme si le pas de vis est abimé.
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o Utilisation de cosses en plastique de type Samson Nylite™
(fig. 3)

Pour remplacer les cosses-coeurs en acier galvanisé, prévues a l'origine
pour les cibles et non adaptées pour les cordages élastiques, il est recom-
mandé d'uciliser des cosses de type Samson Nylite™, constituées d'un
réa en plastique dur autolubrifiant et d’un capuchon protecteur en plas-
tique souple. Ces cosses permectent d'isoler rotalement les cordages
des parties métalliques du mouillage et présentent 