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Summary

This document analyzes the Basic data of quaniatpecies
composition conducted by scientists on a large rarnab purse
seiners landing in the Indian Ocean. This firstlgsia has been
conducted on the 1990-2006 data. The main godlifaper is to
study the time and area species composition of KD free
swimming tuna schools landed by purse seiners én\ilestern
Indian Ocean. This analysis has been done on aisabselected
samples, keeping only the multispecies samples dorg253 well
identified and homogeneous sets during the pe&adh of the set
has been classified within 7 categories as a fonaif its species
composition. The paper analyses the importancechadges of
each category of sets in the five main fishing zoagthe purse
seine fishery, the analyses being stratified betwe&D and free
schools. A total number of 3813 free schools an®4£0 FAD
schools samples were analyzed (a total weight waga 32400
tons). These species compositions of each of the@@ps appears
to be typical and consistent in each area duriegsthdied period:
FAD schools samples are dominated by the 3 troipaties (72
% of schools) or by a mixture of yellowfin and gkigk (22 %).
Free schools samples often show pure species \(f&ll&0 % or
skipjack 12 %), but also a wide range of diverseecis
composition combining the 3 tropical species, asd albacore (a
species found in 10 % of the free schools). Spemmesgposition of
free schools has been showing a much greater wdyiab
especially north and south at the periphery of riren fishing
zones.
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Résume

Ce document analyse les données de base relative a
composition spécifique des échantillonnages quiébatréalisés a
grande échelle sur la composition spécifique ddmmfiements
des senneurs opérant dans l'ouest de I'Océan IndBmite
premiére analyse traite les données collectéesntllaapériode
1990-2006. Le but principal de l'article est d’exasr la structure
spatio temporelle de la composition spécifique disarquements
de thonidés capturés par les senneurs sur des bansbjets et
des bancs libres. Cette analyse est réalisée ssousméchantillon
d’échantillons retenus du fait qu’ils ont été rééd sur des bancs
homogenes et/ou bien identifiés. Un total de 928Bastillons
multispécifiques de tailles a ainsi été employéadctim de ces
échantillons a été classé selon sa compositionifepéec en 1
catégorie choisie parmi 7 groupes potentiels. ICkrtanalyse
'importance moyenne et les changements spatiodegigpau sein
de chaque type de calées, et ceci dans 5 grandes de péche de
I'ouest Océan Indien, ces analyses étant stragif@ebancs libres
et sur DCP. Un total de 3813 échantillons sur bdibcss et de
5440 sur DCP ont été analysés, totalisant un gamitdantillonné de
32400 tonnes. La composition spécifique de ces deoxpes est
typique et consistante dans chaque zone durarg taupériode
etudiée. Les échantillons sur DCP sont toujoursidésn(72% des
échant.) par le mélange des 3 espéces de thomsatigmu par un
mélange d’albacore et de listaos (22% des échamgl Les
échantillons sur bancs libres montrent la présdndguente de
gros albacores seuls (50%), ou de listaos seul8d)]2nais aussi
divers mélanges d'especes combinant les 3 espéeethahs
tropicaux, ainsi souvent que du germon (une espbservée dans
10% des échantillons sur bancs libres). La comiposides
échantillons sur bancs libres montre une beaucdup grande
hétérogénéité et variabilité spatio temporelle gelke sous DCP
qui est beaucoup plus homogene.



1-Introduction

It is well known that the EU scientists from Spand France and the Seychellois
scientists and technicians from SFA have been psntly conducting (since the early
eighties) a systematic sampling of the species oaitipn of landing by purse seiners. The
main goal of this intensive sampling, that has baklo conducted in Madagascar and in
Mombassa, was to obtain a corrected species cotigrogif the tuna landings by purse
seiners (following the method described by Pianed 2000). This method resulted from the
EU funded project “ET” (Multispecific analyze oféhsampling scheme of tropical tunas,
1995-1997) run by French and Spanish scientist d gears sampling data set in both
Atlantic and Indian Ocean.

This intensive sampling scheme was justified byf#wot that most log book and commercial
transhipments data from purse seiners were estihtatde highly biased in their species
composition, and showing a systematically undearegting the catches of small bigeye and of
small yellowfin (these small tunas being often sifisd as skipjack in both log books and
transhipments records). The results of these spsamplings have been routinely used each
year to correct the species composition of theblogks of the EU, EU related and Seychelles
purse seiners and to estimate the corrected figofesatches by species that have been
submitted routinely since the early eighties tolfi€P and later to the IOTC. These corrected
data have been permanently used by scientists Ifadhe&r stock assessments and other
statistical analysis (as in the Atlantic). Corren8 of species composition and of sizes taken
have been done during recent years using large&imwea strata (4 quarters and 7 areas that
have been considered as being homogeneous in térmsir species composition) (cf Pianet
et al 2000).

The main goal of this paper is to make a firsieevof the real species composition
observed in these original samples since 1990, els a8 to examine the size categories
observed in those samples (for each species)atiaby/sis being stratified by fishing mode
(free schools and FAD schools). The results ofahalysis will be presented for the entire
period or classified at a yearly scale in eachh# statistical areas used to estimate the
corrected species composition of the tuna landi@gdy the 5 major areas shown by figure 1
will be examined in this study.

2-Material and methods

The basic data used in the analysis have beesaimples that have been collected
under the ad hoc EU programme described by Pakar@dallier 1997. The first step of this
work was to create from the original sampling fitdghe mulstispecies sizes samples a new
working file called SPECIES The content of this file is given by table 1.

The second step was to select in this file of thgirmal samples, a subset of samples
that have been done, either on well identifiedeasgts, or on a combination of homogeneous
smaller sets (same types), taken by a given pwisers in the same location and at similar
dates. All the “ambiguous” samples (for instancesth mixing fishing modes) were first
eliminated from the present analysis, then only shenples taken on schools caught at a
maximum distance 020 milesand separated by a maximum periodl@fdayshave been
kept in the present analysis. Such working hypathess based on the hypothesis that
species composition of the sets (for a given fighimode) should be stable at such a short
distance and within such a short duration (suchothgsis could easily be changed in future
work). As a result of this selection, a sub se9263 multispecies samples have been selected
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on a total number of the 11456 multispecies samplese on free or FAD schools
(eliminating then 20% of the samples done withidevitime and area strata). Among these
9253 samples, it can also be noted that 53% of#nmeples were taken on tunas fished the
same day in the same 1° square, and the other A#%e ineighbouring strata. These 9253
samples collected during a period of 17 years spoed to an impressive total weight of
32425 tons of tunas that have been measured ottezbiny field technicians during these
sampling (e.g. an average weight of 3504 kg perpsarand about 0.6% of the total tuna
catches by purse seiners during the period). Ndngheo ambiguous samples collected in
Seychelles during the 1998-2000 period (Fontenadl_acas 2003) has been included in this
analysis.

This new SPECIES file provides for each sampleramsary of the observed species
and size composition (small and large yellowfin dngeye, weight of each species in each
sample), for all the tuna species landed (countedeasured). The data presently used have
been obtained during the period 1990-2006 and tihmabers of samples that have been
selected each year for each fishing mode are givetable 2. It can be noted that similar
species sampling data could also be soon avaikibte the beginning of the purse seine
fishery in the Indian Ocean (in 1984), however ttes format of these data needs a further
rehandling before allowing their conversion to fgresent format of the SPECIES file, these
early sampling data were not used in the presadiy/st

The third step of the analysis was to classify eatlthe species samples in the 7
categories of species composition (and &m@up of “others”) that are shown by table 3. In
this present classification of the species commosita minimal percentage of 1% of the total
sampled weight has been used as a limit allowingcdosider that the species was
significantly present in each sample (if the speaatch is less than 1% of the sample, this
species has been classified as being quantitatadedgnt). The frequency of each of these
species groups was then estimated in each aregeatlg scale, for FAD and free schools.

Catches of minor tunagthynnus and Auxis) are often sampled, but they were not
used in this first analysis that has been onlyetang the main tuna species.

The present work will be mainly limited to a visuakamination, mapping and
discussion of the frequency of each set type, buhér in depth statistical analysis of this
SPECIES file should of course be recommended.

3-Results

3-1- Basic fishery data: catches by species and by sizes in the
purse seine fishery

The total 1990-2006 average catches by speciemastl by the species correction
scheme TTT used by the EU and Seychellois scientists is giverfigure 2 for the FAD
associated and the free schools catches. The s#ofees can also be shown at a yearly scale
and stratified according to the large areas usdtarspecies composition scheme (figure 1);
these yearly catches by species and by area awensinofigure 3 (elle commence en 91).
Figure 4 shows the average size distribution inghieiof tuna catches taken by the
EU/Seychelles purse seiners during the period 28@®, for yellowfin and bigeye, and by
fishing mode. It appears from these size data that:

<+>(  Skipjack catches are always taken at sizes lowar 1© kg (their size
distribution are not shown).

"TTT :a French acronyme (Traitements des Thonsitaop) that can be translated as “Tropical Tuna dat
processing”



<+(  Bigeye catches on FADs are predominantly takenisite$ lower than
10 kg (76%) whereas bigeye taken on free shoots tiefbe at larger sizes
(86% of fishes over 10kg)

<+ Yellowfin catches on FADs are taken 50/50 on fisteeger and larger
than 10 kg, whereas yellowfin taken on free shaoésmost often taken at
large sizes (97 % of these fishes over 10kg)

<> Albacore catches are always taken at sizes lahger 10 kg (their size
distribution are not shown).

These two groups of fishes lower and larger thakglflay an important role in
the sampling scheme used to sample the speciesostiop (see Pianet et al 2000).

The spatial distribution of the average speciespmsition of the purse seine tuna
catches (as estimated after data processing obdofg and sample data) during the period
1990-2006 is shown in percentages in figure 13 (fehools) and 14 (FAD schools). These
data are the result of the species correction dorthe combined analysis of log book and of
species and size sampling data collected duringlahdings, this analysis being done at
guarterly levels and in wide geographical areagi(® 1) as defined in the ET project.

3-2- Overview of the SPECIES file: FAD schools species
composition

The species composition of FAD associated samgpsaas to be quite typical and
homogeneous, with two types of species mixture goewdely dominant in these schools
(figure 5):

1) The most important type belongs to a graimewing simultaneously the 3 tropical
tuna species(yellowfin, skipjack and bigeye): a group that wiasind in a wide
majority of the FAD samples (71.7 % during the pdriil990-2006), this conclusion
being more or less valid each year and in all thistbng areas under study.

2) The second most important group of samples (22%e@FAD samples) comprises a
mixture of yellowfin and skipjack (then without significant quantities of bigeyeasr
albacore). Outside these two major groups of me@eties, each of the other groups
of species are seldom observed (these other gaeoupanting for a total of only 6.3 %
of the observed frequencies, see table 3)

The yearly species composition of FAD associatedpdas (figure 6) also shows that
there is very little variability of the species coosition between years and between areas: the
2 dominant groups are always the mixture of theofital species, or less often the mixture
of yellowfin and skipjack (except in 1990). The etHLO groups are most often (or always)
rare or very rare in all the areas during the ergériod studied.

It is also interesting to map at a fine 1° squaxel these results contained in the FAD
sampling file:

(1) The numbers of FAD samples available in eachdlfare are shown by figure 8a,

and the exact species composition of the samplezhes during the whole period

1990-2006 by figure 9 (a map done for all 1° sgsiavbere at least 1 ton of tuna has

been sampled during the period).

(2) the frequency of the various types of specaaposition observed in the samples

during the same period (figure 10) (a map donealbrl® squares where at least 5

samples has been collected during the period). Bo#ps are done in term of

percentages.

It is also interesting to identify within the sareplclassified as “FAD samples” all the
samples done owhale sharksand on “whales” (this global wording correspondiog wide
range of species: whaleensu stricto as well as cachalots). It appears that these gealiar




types of biological association shows a patterspacies composition and associations types
(revoir aussi légende figures) that are similaFAdDs (pure schools of large yellowfin are not
dominant in these associations), but there is agpar@mt greater diversity of species
composition in these peculiar associations (sagdid.7 and 18). It should also be noted that
yellowfin and bigeye taken in association to whalarks tend to be larger than fishes
associated to regular FADs: in our samples, 79%arge bigeye (over 10kg) on whale sharks
(vs 33% on FADs) and 94% of large yellowfin (ov@kd) taken on whale sharks (vs 72% on
FADSs)

The large numbers of species samples available alsws the analysis of the
monthly patterns and changes in the percentagesachfi sampled species (and it sizes
composition) as well as the mixtures of the varispscies in these samples. This analysis is
more interesting in the main fishing areas whergdajuantities of tunas are caught all year
round, such as the area West of the Seychellesirdsg21l and 22). These figures show a
global homogeneity of the monthly species compasisampled each year, most often typical
of FADs. However it should also be noted that theralso some variability in the monthly
samples, some of this variability being possibgngicant and interesting to further study.

3-3- Overview of the SPECIES file: free schools species
composition

The average species composition of free schoohples is widely different from the
species composition of FAD associated sampleg, sd®ivs typically a much wider diversity
of its species composition, 7 categories makingotiii of the observed samples (table 3 and
figure 5). These most frequently observed categodan be described (by decreasing
importance in the average data set) as following:

1) Pure Yellowfin: a type of sample frequently observed, in 49.7f%he multispecies
free schools samples during the period 1990-200@&sé& yellowfin are most often
taken at large sizes over 10 kg (more than 99%uwiptes).

3) The mixture ofyellowfin and bigeyehas been also quite frequently observed, 13.7 %
of the samples, both species being most often daaigltarge sizes (99% of these
fishes being larger than 10kg)

4) Pureskipjack schools have been also commonly observed, in%lo9the samples.

5) The mixture of yellowfin _and skipjack (then without bigeye) has been also
commonly observed on free schools, 9.6 % of thepsssnonly 8% of the yellowfin
catches (in weight) being taken at small sizes gl@kost of these yellowfin being
large fishes (at least in weight); such frequesbeamtion of large yellowfin and small
skipjack may appear as being quite strange butdbasethis sampling, it has been
commonly observed.

6) The mixture of the3 tropical species—yellowfin, skipjack and bigeye- (that was
highly dominant in the FAD associated schools) baen identified in the free
schools, but only at a 5.4 % rate. These 3 spstiewing in the samples a diversity of
yellowfin and bigeye sizes caught (small and |digjees)

7) The mixture oflarge yellowfin (100%) and large albacoreis also quite frequently
observed at a rate of 5.0 % of free schools samplésacore was significantly
identified in these samples at an average rat@é%f (in weight).

8) The last type of species mixing significantly idéad in the free schools samples
(3.5% of the samples) has been the combination sgegiesyellowfin, bigeye and
albacore (these 3 species being taken at large sizes &kegy dinon c’est du 6, non?).

9) The other 4 groups of species (bigeye alone, afbaalmne, bigeye and skipjack, 4
species and the mixture of yellowfin+skipjack+ala) were very seldom observed
in the samples, with a total contribution of onl2% of the samples.




Figure 6b shows that the time and area patteriseske species compositions tend to
show some consistency in the complexity of the iggecomposition: this species
composition of free schools has been always (at @aing the studied period) and in each of
the 5 areas, much more complex than the speciepasition associated to FADs, and always
quite different from it. It can also be noted thia¢ time and area variance of this species
composition is much wider than on FADs. The specesiposition appears to be more
consistent in the Equatorial areas, and more MVaritom year to year in the fishing areas
located in the periphery. For instance there isigewear to year variability in the species
composition samples from the Mozambique Channeads@hpatterns being quite different
from the areas around Seychelles), when FADs santald a quite stable specific pattern in
all the areas during the entire period.

It is also interesting to map at a fine 1° squakel these results contained in the free
schools sampling file:

(1) The numbers of free schools samples availableach 1° square are shown by

figure 8b, and the exact species composition ofstdmapled catches during the whole

period 1990-2006 by figure 11. This map shows thatsampling of the catches was
done more or less in proportion with the importantehe catches in each fishing

zone (shown by figure 15 a and b).

(2) the frequency of the various types of spec@saposition observed in the samples

during the same period (figure 12). Both maps areedn term of percentages.

3-4- Average percentages of each species (in weight) in the
FAD and free schools samples

It is interesting to make synthetic figures of freguencies of the relative weights of
each species that have been estimated during tine pariod 1990-2006 in the FAD and free
schools samples. Figure 8 (a, b and c, for yellovwgkipjack and bigeye), show this result:
samples are shown on the horizontal axes at the saale, the 5440 FAD samples and the
3813 free schools samples being transferred irsdh@e scale of percentages. The weights of
each species in each type of schools/samples here dorted in each figure by decreasing
relative amounts (again in % of the total weightthe sampled tunas).

These figures are showing the following patterns:

(1) Yellowfin (figure 8a revoir ordre des figs): free schoold &AD sets are showing

widely different patterns: 50% of free schools shmgnv100% of yellowfin (most often

large sizes: 99% of these sets), and only 12% witlyellowfin, and the other 38%

with a slowly declining highly significant propooti of yellowfin in the samples. On

the opposite, yellowfin is very seldom the only@pe observed on FADs, but tend to
be observed in nearly all the FAD samples

(2) Skipjack (figure 8b): again free schools and FAD sets arewsig widely

different patterns: only 12% of free schools sam@bBowing 100% of skipjack and

73% of samples without skipjack, and the other 1w#h a rapid decline of the

skipjack proportion in the samples. On the opposikipjack has been more or less

always observed on FADs in great proportion, beibgent in only 3% of the FAD
samples.

(3) Bigeye(figure 8c): Percentage of bigeye observed in thB Bamples shows that

a very high proportion of bigeye has been seldosenked in these samples: only 1.0

% of the FAD samples had more than 50% of bigeyemgight) and only 13 % of

these samples had more than 20% of bigeye (in Weifhrthermore 54% of these

FAD samples had less than 5 % of bigeye (in weightnajority of these bigeye are

small fishes under 10kg (68%). The pattern of bégpgrcentage in the free schools



appears to be surprisingly quite similar, but acimlower quantitative levels (bigeye
being absent in 75% of the free schools samplesjh&more, these bigeye taken on
free schools are predominantly taken at large @8@6 of large bigeye in weight in
the sampled catches), these large sizes beingagniuvo sizes observed for yellowfin
in these free schools samples. The sampling fitevsiy the percentages of small
bigeye can also be associated to the average FAhesaby 1° squares, allowing to
show the areas where the highest or lowest prapori small bigeye have been
identified in the samples during the sampled per&gth result is shown by figure 20,
on a map showing the most important and less irapbrbercentiles of the small
bigeye percentages in weight in the total catchbs.red and orange areas where the
highest percentages of small bigeye have been .tdkengeographical homogeneity
of this distribution appears to be quite poor inngnareas, but some of the areas
shown by this map may be indicative to do more eptd study better when
considering closed areas, when targeting a protecti small bigeye.

3-5- Species composition of peculiar associations: sea mount,
whale and whale sharks

A limited sampling has been collected on tunas slsh@ished in these 3 types of
association, and despite of these small samplektfenrisk that some of the samples may be
mixed and then “polluted” by sets from another migthey are worth to study.

Whale sharks 37 samples have been identified as being takeriunas caught
associated to whale sharks. Catches from theselssusipow a species and size composition
that is very similar to free schools (see figuread 17, left). However, there is a quite high
diversity of the species mixture that has been mieskein these samples, most often with a
mixture of the various species, but also sometimids a single species (yellowfin, skipjack
or albacore: in 11% of the samples, figure 17,tjigh

Whales (and other large mammals): 56 samples have beetified as being taken on
tunas caught in associated to whales or cachakith€s from these samples show a species
and size composition that is very similar to tho$avhale sharks and free schools samples
(see figure 2a and 18, left). However, there isudeghigh diversity of the species mixtures
observed in these samples, most often with a nextéithe various species 70% of samples),
but also sometimes with a single species (purewélh 18% and pure skipjack 12% of the
samples, figure 18, right). This species compasitbthe samples appear to be very similar
to the various sets observed by scientists on thaet purse seine fleet during the late
eighties (Romanov com.pers.).

“Coco de mer” sea mount ,or Travin Sea mount (legal name): 137 samples have
been identified as being taken on tunas caughtceded to this sea mount that is located
close to the Equator at 56°E, this sea mount baifigot spot” fishing aréadiscovered by
tuna fishermen in 1984 and where large quantitiesaras (a total of more than 100,000 tons)
have been caught since. Tuna catches on this sgobéen classified as being similar to
FADs associated catches (Petit 1998? mettre de)ilaind the frequency of schools types
sampled from the sea mount confirms widely thischasion: figure 19 right shows that most
sampled sets contains the 3 tropical species (7486),second most important category
showing a mixture of yellowfin and skipjack withdoigeye (11% of the samples). However
it should be noted that large yellowfin (over 10kgg often caught on the Coco de Mer (68%

8 Coco de mer/Travin Sea Mount is a sea mountitisbeen producing the highest tuna catches egena
world wide on a sea mount, and by far.



of the sampled catches) when this category tete @ minor one, 14% in weight of the FAD
catches, in the average FAD samples (see figur®R)he other hand, skipjack catches are
less frequent on this sea mount (40%) than in thelevFAD fishery (64%).

4-Discussion

The multi species sampling scheme allows to es#irttee species composition of the
fraction of tuna schools caught by given sets osdweral consecutive sets done in the same
strata. This information does not correspond toréat species composition of perfectly well
identified tuna schools, but this biological infation is probably very close to be
representative of the real species compositioh@arious types of tuna schools caught each
year in each time and area strata. The resultisfstmpling, sizes and species composition,
done in the ports and most often in good conditlmnsvell trained technicians and scientists,
is probably highly reliable (and probably much bethan a species composition estimated at
sea by an observer, due to the very fast handlmogepure during the set). The exact
relationship between the species composition oh eadividual school and each of these
samples remain of course quite uncertain for vari@asons, for instance due to the mixing
of heterogeneous sets in the sampled wells, topatéias in the sampling operation, or to
the misidentification of school types in the logokdalthough it can be concluded that this
type of misidentification is rare due to the typisees and species compositions observed in
most sampled schools). At least, it can be consttldrat these very detailed informations on
the sizes and species composition of the sampdegeay interesting to analyse.

Another interesting point to note is the differeman the species composition by 1°
squares of the basic samples and the correctedespeamposition of the catches by 1°
squares as it has been estimated by the presenpiaetessing: these 2 types of results shown
by figures 10-15 tend to be quite consistent intnoases, but it also appears that there is a
much larger spatial variability in the samples tharthe corrected statistics. The species
composition estimated after data processing mdgdnbe statistically correct at the average
level of the Indian Ocean, but it would be inteirggtto re-examine the present working
hypothesis that the species composition is congtaithin each size group) during entire
guarters and in wide geographical areas. At ldastvarious geographical heterogeneity that
are apparent in the basic SPECIES sampling filelghioe further analyzed. This problem is
for instance well shown on figure 7: in the Somar@a the FAD associated catches are
showing a severe decline in bigeye percentage®réharn latitude (and nearly no bigeye
north of 9°N), when the basic data processing assuthat the species composition is
constant in the area. This result should then eagguscientists to stratify this Somalia area
in 2 northern and southern components (with a feordgt 8 or 9°N) and to extend the area
from 12°N to 15°N (as this area is clearly an egiem of the main FAD fishery operating in
the Somalia area).

One of the main results of this first study isstwow the major consistency of the
species composition of the FAD associated catcheisgla long period and in wide areas:
these catches can be classified in only 2 majouggqyellowfin+skipjack+bigeye or the
same association but without bigeye) and this @&Soe pattern has been permanently
observed in the FAD fishery during the last 17 geand in all the fishing areas. Keeping in
mind that this FAD fishing zone covers a wide ranfi&eterogeneous ecosystems, it would
means that the effects of the FAD in selecting aggregating a given range of associated
species is very strong, and widely dominant overehvironmental heterogeneity observed in
this wide area. However, the analysis of the 1°aseml average composition of sampled
catches (figure 11) could indicate that there imesovariability of the species composition
within the FAD catches, for instance in the Somaiaa as well as in the Mozambique
Channel.



On the other side, the species composition of f&eools shows a much greater
spatial and temporal heterogeneity, showing differspecies composition between the
various main fishing areas. Major differences areifistance for most years observed in the
species composition in the Mozambique Channel arttié Somalia areas, compared to the
major fishing zone located between the Equator d2touth that are showing a more
consistent species composition (figure 13). In ttase, the environmental heterogeneity of
each ecosystem plays an important role in conditgpthe species composition of the tuna
schools. Furthermore, the fact that there is aldarge variability of species composition
within each ecosystem and area may be also du¢hty sources of local environmental
variability, for instance linked to the bathymettiie currents, island or sea mounts effects,
etc. This apparent large geographical variabilityhe species composition would need to be
further study and understand.

5-Conclusion

This new scientific overview of the sampled spgc@mposition of purse seine
landings in the Indian Ocean was an interestingf Btep in order to understand better the
potential time and area structure and changeseo$plecies composition of tuna schools, free
and associated to FADs. These first results aeadyr quite new and very encouraging, and
there has been a major scientific interest to conduch study since the beginning (c’est 82,
et I'étude depuis 90 ...) of the purse seine fisharghe Indian Ocean, and to conduct a
complete statistical analysis of this large andiable scientific data set. The results of such
study could have a double interest:

(1) at a biological and behavioural levels, allogviio better identify and analyse the

potential changes in the species and size compo%fi tuna schools, and possibly in

given strata (such as in Fonteneau et al. 2000)n$ébance under the increase pressure
by fisheries and the subsequent decline in the &sses of all stocks since the early
eighties or following changes in the environmeninathe ecosystem.

(2) at the level of fish stock management and amasien: the mixing of species and

sizes observed in a given schools is clearly ampatar of great importance that should

be well taken into account in the management ad &tocks, for instance allowing to
limit fishing activities in areas where given smciand sizes are more frequently
caught (for instance small bigeye).

Such analysis should also be done by comparingitigeand species sampling done in
the Atlantic and in the Indian ocean, two oceansr@hthe same type of multi-species
sampling has been permanently conducted on thenigsmaf all the EU purse seiners since
1980 (Atlantic) and 1983 (Indian Ocean). The saomaparison should also be interesting to
conduct in the Eastern (IATTC area and its systensampling since the year 2000) and in
the Western Pacific where various similar size apacies samplings have been also
successfully conducted (Coan 2002)
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Table 1: Check list of the 26 parameters recorded in the « SPECIES » file, and obtained from the basic multispecies

sampling file of size samples  vzmoe Type
1 Ident sample
2 ocean
3 sampling port
4 Country
5 Gear
6 year
7 Month
8 Day
9 1°Area
10 ET Area
11 Type of school
12 weight of sampled total catch
13 weight of sampled yellowfin catch
14 weight of sampled skipjack catch
15 weight of sampled bigeye catch
16 weight of sampled albacore catches
17 weight of sampled auxis catches
18 weight of sampled Euthynnus catches
19 weight of sampled small yellowfin catch (<10kg)
20 weight of sampled large yellowfin catch (>10kg)
21 weight of sampled small skipjack catch (<2.5kg)
22 weight of sampled large skipjack catch (>2.5kg)
23 weight of sampled small bigeye catch (<10kg)
24 weight of sampled large bigeye catch (>10kg)
25 Max distance between sampled sets
26 Max numbers of days between sampled sets

Table 2: Yearly numbers of samples kept in the present analysis,

Year Free schools FAD Total

1990 217 188 405
1991 96 127 223
1992 99 127 226
1993 148 149 297
1994 137 285 422
1995 115 449 564
1996 149 258 407
1997 122 252 374
1998 1 42 43
1999 9 14 23
2000 52 113 165
2001 293 396 689
2002 238 567 805
2003 512 510 1022
2004 447 515 962
2005 694 627 1321
2006 484 821 1305
Total 3813 5440 9253

Table 3:Number and frequency of the 8 types of species associations identified in the free schools (left) and in the FAD
samples (right) during the studied period 1991-2006 (classified by decreasing %)

School type Free schools FAD
YFT+SKJ+BET 206 3898
YFT 1896 137
SKJ 453 106
YFT+SKJ 365 1199
YFT+BET 521 19
YFT+ALB 189 5
YFT+BET+ALB 135 1
others 48 75
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Figure 1: The 5 main areas used in the correcton of species composition of purse seine
catches and in the analysis of the sample species composition

BET>10kg ALB
3.9%

YFT<10kg
1.8%

BET<10kg
0.6%

SKJ
24.2%

YFT>10kg
— 68.3%

Figure 2a: free schools samples
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Figure 2b: FAD samples

Figure 2: Average species composition of the purse seine catches fishing in the Western Indian
ocean for the free schools catches (left, figure 2a) and the FAD associated catches (right, figure
2b) (average period 1990-2006, after correction of the species composition). This species
composition is given by size categories (+ and — 10kg for yellowfin and bigeye, all skipjack being

smaller than 10kg and all albacore larger than 10kg)
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Figure 4: Average catch at size in weight taken by the EU purse seine fishery in the Indian
Ocean during the period 1990-2006, by species (bigeye upper figure 4a, yellowfin lower figure

4b) and by fishing mode
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Figure 5: Average frequency of the various types of species composition observed in the Indian
Ocean selected species samples (1990-2006) of the FAD (5a) and free schools (5b) samples
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Figure 6: Frequency of species composition observed In the FADs schools samples (upper figure
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Figure 7: Percentage of bigeye (in % of weight) in the Somalia area on FAD schools as a function
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Figure 14: Average species composition of free schools catches by purse seiners during the

period 1990-2006 (in %) as estimated after the area/quarter species correction
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Figure 17: Frequency of the various types of species composition observed in the Indian Ocean
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Figure 18: Frequency of the various types of species composition observed in the Indian
Ocean 56 samples of tunas caught associated to whales (1990-2006)
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Figure 19: Frequency of the various types of species composition observed in the Indian Ocean
137 samples of tunas caught associated to Coco de Mer (1990-2006)

NB: Species composition of figures 17 to 19 are calculated as the unweighted totals of the specific
weights of the samples. The real species composition of the weighted catches would be more
representative of the real species composition of these catches



15

@ —
@ —
@ —
O
10
® i
O 5
® .
. —
. L
° 70
o
e o 5} B
 XOEOKCIEN X X X
00000000@7'5
O e eoo |
-1
-1
T T T -2
65 70

% hi %
Lower ZO/Q gher 80% 2 O O O
20 to 40% 60 to 80%
40 to 60%
Figure 20: Average tuna catches taken on FADs by the purse seine fishery during the 1991-2004
period, and relative amount of small bigeye, shown by the percentiles of small BET (<10kg)
sampled in the total catches in each 1°square during th e period. This amount is shown by the
color of each circle: white the 20 lowest % of BET (ave.1.1% of BET), light blue between 20 and
40% ave.=3.9%), dark blue 40 to 60% (Ave.6.1%), orange 60 to 80% (ave. 8.1%) and red more
than 80% of the most abundant percentages of small bigeye (ave.12.3%).



1 2 3 4 5 6 7 8 9 1011 12

1990 aEE - Do O

1991 8 30 .

1992 ° | Q

1993 ° d

1994 ® 9 J

1995 A I o 0 0 °

199 ° @

1997 I JE N0 I >

1998

1999 ol o

2000 o @ QPP o

201 ® o xrlrrkE

2002 O] QOVID -

2003 ° e | D - VLB
YR OBEI

2004 o 9 o O L) @ @ |0 5

2005 o o 00O -

2006 oo o00d0 -0 o

YF1=YFT<10kg
YF2=YFT >10kg
BE1=BET<10kg
BE2=BET>10kg

Figure 21: Monthly species and size composition of the sampled catches associated to FADs in the
West Seychelles area



1990
1991
1992
1993
1994

199
199%
1997
1998
1999

YFT-SKJ-BET others

YFT-SKJ G SKJ

YFT

2000
2001
2002
2003
2004

2005
2006

Figure 22: Frequency of the monthly types of schools sampled on FADs in the West Seychelles
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