Tuna movement patterns presently shown in the Indian Ocean by tag recoveries
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Summary

This paper examines the movement patterns showheby
recoveries of yellowfin, skipjack and bigeye tagdey dart
tags during the IOTTP large scale tagging. Thislysime is
based on a large number of 6236 recoveries belgrgithe 3
species. These 3 species show similar movemerdrpsttand
these recovered tunas, tagged in a limited numbeeculiar
areas, are showing very wide and very fast movepatterns,
skipjack being the more mobile species. As a redhie
recoveries of the 3 species have been widely sedtta the
entire fishing zone of purse seiners, a fisheryn\atge catches
and with very good reporting of tags recoveriesisTiather
extreme mobility of the tagged tunas is quite uaiguorld
wide and it remains widely unexplained. This stualgo
shows and discusses the strange lack of significodveries
by the Maldivian skipjack fisheries. It also conis the
insufficient rate of tag reporting by longlinersdahy various
coastal fisheries, that are still presently lingtithe knowledge
of the real movement patterns at a larger scajekdwfin and
bigeye in their global Indian Ocean habitat.

Résume

Cet article examine les mouvemens montrés par les
recaptures d’albacore, de listao et de patudo qui ée
marques avec des marques classiques Durant le grand
programme de marquages de I'lOTC. Cette analysbasie
sur un grand nombre d marques, 6236 recapturestapaat
aux 3 especes. Ces 3 especes montrent des sch@mas d
mouvements qui sont voisins, le listao étant I'espka plus
mobile. Ces thons qui avaient été marques dans aiih p
nombre de zones trés particuliéres et limitées, tranh des
movements tres rapides et de grande amplitude ggbigue.
Il en résulte que les recaptures des 3 especedédistribuées
dans presque toutes les zones de péche des senueears
pécherie avec des prises importantes et un tréstdaon de
retour des marques. Cette extréme mobilité des sthon
recapturés est remarquable, ceci a I'échelle mdé& elle
demeure mal expliqguée. Cette étude met aussi elerse et
elle discute I'étrange faiblesse des recapturebstios par la
pécherie de canneurs des Maldives. L’analyse coefaussi la
faiblesse des recaptures déclarées par les paen@t par
diverses pécheries cotieres, ce qui limite la cizsaace des
mouvements a plus grande échelle géographiquelloasoaes



et des patudos a I'échelle globale de leur habaas I'Océan
Indien.

1-Introduction

The large scale tuna tagging program conducted&y@TTC, the so called IOTTP,
was conducted between August 2005 and Septemba&rd@Dit allowed to tag with dart tags
168.000 tunas, with a more or less “ideal” projporof the 3 target species yellowfin (32.5
%), skipjack (46.6 %) and bigeye (20.9%). It wlas tirst time in the history of tuna tagging
that such a proportion of tagged species has lesmihed at such levels. Unfortunately, it can
be noticed that there was only a very limited numtfearchival tags released during the
IOTP, and that furthermore these electronic tagsewgiite unsuccessful. However, this
“traditional” large scale multispecies tagging mag has been highly successful and unique
world wide in the history of past tuna tagging peogmes, due to its successful tagging and
to its successful recovery programme. The goalhd working paper is to review and to
discuss the apparent movement pattern of the tecaveries for which the geographical
position of the recovered fishes have been welhtified (i.e. 2376 yellowfin, 2492 skipjack
and 1364 bigeye) , this work being done in paraliethese 3 species.

2- Data and method

The data base used in the analysis was the recditerpavailable at the IOTC
secretariat on Juné"@008. This data base is still provisional, butdhtains 6236 records of
recoveries with a valid geographical position andeaovery date. This paper will first show
the geographical locations of the tagged tunastlaadubsequent recoveries. All the records
with a valid date and a valid position were kepttfee present analysis, even when there was
guestionable changes between the species taggerkemwkred, in the fishing date, in the
growth or/and in the fishing location. It was assdnthat this flexible and wide selection of
the recovered tags, then possibly incorporatingaisrecoveries, would not introduce any
major bias in the subsequent analysis of theserhmeements.

The apparent movement of each recovered tag wasagstl by the straight line and
straight distance between the tagging and the sgopositions, and these estimated
distances will be plotted for each species as atim of the time at liberty. These trajectories
are also shown on various types of maps. Theseedes are also analysed and visualized as
a function of the fishing gears reporting thesestdogyit mainly for the purse seine fishery as a
function of the geographical and seasonal totalhest and catch at size taken by this gear in
2006 and 2007, the main period of tag recoveriesaé hoc mapping software allowing to
plot on the same maps the trajectories of quartedgveries and the corresponding catch at
size of selected species was also developed addaseake exploratory maps.

These results will allow to discuss the geograpghitavement pattern of the 3 species
tagged during the IOTTP.

3- Tuna movements

3-1- Overall: tagging and recovery areas vs fishing zones

Ideal potential tagging zones were studied byl@EC before the implementation of
the IOTTP, based on tagging models doing simulatafrperfect tagging. These ideal tagging
zones were widely scattered in term of there tme space distributions, basically trying to



tag tunas in most of the habitat of each speciekeéat tagging tunas at all sizes that can be
tagged). On the opposite, and due to multiple camts in the tagging operations
(availability of tunas, of bait, distance from fish purse seiners, access to EEZ, etc..) the
IOTTP tagging took place in a very limited numbétime and area strata, and primarily off
Kenya/Tanzania, were ideal tagging conditions wierend during the tagging operations.
These “limited” geographical distribution of theTOP tagging operation are shown on figure
1 (showing the tagging locations of all recoveragks).

However, maps of tag recoveries show that the suigse tuna recoveries have been
observed for yellowfin, skipjack and bigeye in aleiirange of areas (figure 2), and covering
de facto more or less all the fishing zones in the Wesbednan Ocean (for instance the purse
seiners fishing zones, see figure 3), showing &ast large scale movements of the tagged
tunas in the entire zone fished by purse seinaspassibly/probably also outside of it?.

The analysis of the available data can be condedtigpon purse seiners, and putting
in relation the time and area strata where tagsvesees have been identified, and the
catches/CPUE by size in these strata by this fldes analysis cannot be done for other fleets
(longliners and some coastal artisanal fisheriegabse of their statistical weakness and of
their unknown (and often probably poor?) reportiages of recovered tags (for instance
various longline fleets).

3-1- Yellowfin

The comparison of sizes of yellowfin tagged durthg IOTTP and fished by the
entire Indian Ocean fisheries is shown figure I@das figure shows that the smallest sizes
caught were seldom tagged, sizes between 40 andrmG@ell tagged, when the larger sizes
over 1 meter that are dominant in weight in thdoyein fisheries (71% of recent catches,
period 2000-2006), were very seldom tagged. Thhe, gresently estimated movement
patterns have been predominantly observed on mediam yellowfin, but also on large
yellowfin over 1 meter for all fishes caught aftesignificant time at sea (already 25% of the
yellowfin recoveries have been taken at sizes aveeter). It can then be concluded that the
IOTTP results will also be informative on the mowwrpatterns of large yellowfin, at least
on fishes caught by purse seiners (unfortunatetywadl on longliners due to the uncertain
reporting rate of tags for this gear?).

The map showing the average catches of yellowkerteby purse seiners during the
recovery period, average 2006-2007, is given figur@or all sizes figure 4a and for small
yellowfin, less than 1 m of fork length, figure 4@)he corresponding map showing all the
yellowfin apparent linear trajectories of all yellfin recovered by purse seiners at a known
position is shown figure 5. It should also be nedidchat the geographical dispersion of the
tagged yellowfin tunas has been very fast: distatedween tagging and recovery positions
of all yellowfin recoveries are shown (figure 5) asfunction of time at liberty, a figure
showing that the travelled estimated average distawere of 526 nautical miles, a very large
average distance compared to most movements olséoveyellowfin in other tagging
programs (as an example Schaefer et al 2007). @&rewlso much more important that the
average distance of 294 miles (amdy 165 miles excluding the 43 transatlantic recoveries,
tagged of USA and recovered off African coasts)eted by yellowfin in the Atlantic
between tagging and recovery (ICCAT tagging filane 2008, figure 23). Furthermore it
should also be noted, figure 5, that these largeadces travelled in the Indian Ocean have
been observed more or less constantly after 2 maintea, and without seasonality (when
such seasonal cycle of distances has been oftearvaloly and without trend over time (no
increase of distances covered over time). On theratide, the pattern of tag recoveries also
follows the geographical seasonality of fisheriemd showing (figure 16) a seasonal
geographical pattern in the tag recoveries, prgbaldo corresponding to movements of



tagged tunas. The quarterly maps showing the catohgmall yellowfin and the trajectory of
the recoveries (given in page 1 annex 1) show a goorespondence between areas of high
catches and areas of high recoveries.

These results are strongly indicative that yellowifinas fished in the Western 10 are
highly mobile fishes, and showing a high mixingerat tagged individuals at least in the area
fished by purse seiners. Furthermore the limitechiers of recovered yellowfin already
reported from various fishing areas of the Indiaze&h are probably also indicative that these
yellowfin have been moving outside the area fishggurse seiners, but unfortunately this
result cannot be quantified, being then still pyiiabicative. These isolated tags recovered at
long range distances should be further studiedeiaild, even when their exact fishing
location is unknown.

3-2- Skipjack
The comparison of skipjack sizes tagged duringl@ETP and fished by the entire
Indian Ocean fisheries is shown figure 13b. Thgsife shows that:
=the smallest sizes commonly caught by present riessheinder 40cm
were seldom tagged,
+=<sizes between 40 and 60 cm being well tagged,
=larger sizes over 60 cm (that are important in Wweig the skipjack
fisheries), were very seldom tagged.

However, it should be noticed that the estimatedenwents from these tagging will
correspond to most of the skipjack sizes fishedthasduration at sea for the recovered
skipjack are quite significant during long pericafstime (already 35 tagged skipjack have
been recovered after more than 2 years at seathanda significant proportion of recoveries
have been already taken at sizes over 60 cm (1Rt gkipjack recoveries over 60 cm).

The map showing the average catches of skipjackntdly purse seiners during the
recovery period, average 2006-2007, is given figird&he corresponding map showing all
the yellowfin apparent linear trajectories of &pgack recovered by purse seiners at a known
position is shown figure 9. It should also be nadidhat the geographical dispersion of the
tagged skipjack tunas has been very fast: distamaeslled between tagging and recovery
positions of all skipjack recoveries are shown &snation of numbers of month at liberty, a
figure showing that the estimated distances haea legqual to 642 nautical miles, then larger
than for yellowfin and bigeye. These distances large ones compared to many limited
movement patterns observed for skipjack in othggitay programs (Hilborn and Sibert 1986,
Adam 1992). They are also much more importanttth@ataverage distance afly 110 miles
covered by skipjack in the Atlantic between taggamgl recovery (ICCAT tagging file, June
2008, figure 23). Furthermore, it should also bdedp same figure 9, that these large
distances travelled have been observed in therin@eean more or less constantly after 2
month at sea, and without seasonality (when suabosel cycle of distances has been often
observed) and without trend over time (no increafseistances over time). The quarterly
maps showing the catches of skipjack and the t@jgof the recoveries (given in page 2
annex 1) show a good correspondence between afelaigio catches and areas of high
recoveries.

These results are strongly indicating that skipjackas fished in the Western 10 are
highly mobile fishes, and showing a high mixingeraff tagged individuals, at least within
the area fished by purse seiners. However, théeeld numbers of tags recovered from
Maldives and from Sri Lanka will need further studlge present recovery rate of tagged
skipjack is very weak :

» A total of nearly 7500 skipjack recoveries for RSfishery catching about
175.000 t of skipjack during recent years



» but only 64 recoveries identified for the Malds¥®ri Lanka fisheries, that
have been catching approximately the same amoumtbofit 175.000 t of
skipjack during the period.

Based on the fishery data, a much higher recowey should have been intuitively
expected in these Maldivian and Sri Lanka fisheriaking into account the importance of
total catches in the region and the proximity adsi fishing zones (if skipjack can travel on
distances over 500 miles within a couple of montihsy could also easily move to Sri Lanka
and Maldives? In the absence of environmental érabvetween these rather homogeneous
areas of the Indian Ocean monsoon gyre as desdrpednghurst 1998, see figure 18his
weakness of Maldivian recoveries should be further studied by an in depth analysis. This
study should allow to conclude if this weaknesthefskipjack recoveries corresponds:

(1) to a real lack of eastward migrations, thea teal segregation between 2 skipjack
stocks in the western and central Indian ocean,thed to a lack of potential interaction
between the purse seine fisheries and the Maldiwees) or to

(2) other causes, for instance the lack of repgrtive Maldivian recoveries, or other
biological/fishery effects, in relation with theaes of fishes caught in the various areas. As
an example, the skipjack caught tend to be bimddele number of large skipjack over 60
cm being caught by this fishery (see figure 19)egehlarge fishes have been seldom tagged
and recovered but they may soon appear in the Matfdfishery.

3-3- Bigeye

The comparison of sizes of bigeye tagged duringl®¥rP and fished by the entire
Indian Ocean fisheries is shown figure 13c. Thgufe shows that the smallest sizes
significantly caught <42 cm were seldom taggedessizetween 40 and 60 cm well tagged,
and the sizes over 60 cm, that are widely domimankeight in the fisheries, were very
seldom tagged. Then, the estimated movement psttem predominantly observed on this
limited range of small/medium size bigeye, lessntl286 of the bigeye recoveries being
caught at large sizes over 1 meter. It can thecobeluded that the IOTTP results will not be
highly informative on the movement patterns of éabggeye, unless a good reporting rate can
be developed on longliners (the gear catching atgrajority of large bigeye over 1 meter:
91 % of the bigeye catches during the average @ei)0-2005, based on the CAS table
estimated in 2007 by the IOTC secretariat.

The map showing the average catches of bigeye thiepurse seiners during the
recovery period, average years 2006-2007, is gifigmre 10. The corresponding map
showing all the apparent linear trajectories obaeye recovered by purse seiners at a known
position is shown figure 11. It should also be cedi that the geographical dispersion of the
tagged bigeye has been very fast: distances betvegging and recovery positions of all
bigeye recoveries are shown as a function of nusnbemonth at liberty, a figure showing
that the travelled estimated distances have be&2%mnautical miles, a very large average
distance compared to most movements observed fyeybiin other tagging programs
(Schaefer and Fuller 2006). They are also muchermportant that the average distance of
177 miles covered by Atlantic bigeye in the Atlariietween tagging and recovery (ICCAT
tagging file, June 2008, figure 23). Furthermorehibuld also be noted, figure 11, that these
large distances travelled in the Indian Ocean leeen observed more or less constantly after
2 months at sea, and without seasonality (when seealsonal cycle of distances has been
often observed) and also without trend over tineificrease of distances covered over time).

These results are strongly indicative that bigayeas$ fished in the Western 10 are
highly mobile fishes, and showing a high mixingeraf tagged individuals, at least within the
area fished by purse seiners and for the juventdeye tagged during the IOTTP. The



subsequent movements of adult bigeye caught byliferg in a much wider geographical
scale (shown by figure 15b) will soon be estimatad, only if the main longline fleets are
well reporting there recoveries of tagged bigeyewklver the quarterly maps showing the
catches of small bigeye and the trajectory of gmveries (given in page 3 annex 1) show
that large quantities of small bigeye were caugist ef the main purse seine fishing zones in
the 3% and 4" quarters of 2007, but in areas where there wagcmveries of tags identified.
This point should be further analyzed, but it coirldicate that these young bigeye were
recruited from an external geographical area (&drtagged fishes).

4- Discussion

The movements of the 3 tuna species tagged dunedQTTP are very impressive
and quite unique because of their speed and ofligtances covered by these recovered
fishes. These results also show that the apparememment patterns observed for the 3 species
are quite/very similar, at least on the presentiyovered sizes dominated for bigeye and
yellowfin by juvenile tunas. This similarities dig movement patterns of the 3 species is for
instance well shown by the apparent distanceslieavby the tags on each species as shown
by figure 14 or by the maps showing the multispecexoveries (figure 2, 16 and 17). These
data should be further analysed by ad hoc movemedels (such as Adam and Sibert 2002,
Sibert et al 200X), but there is no doubt that ¢hemas are perfectly following the law of the
sea and its article 64: they do extensive movemnasss various EEZ in the western Indian
Ocean. None of the 3 species tagged in the arell dmu classified as being “viscous
resources” doing limited scale and slow movemehtshould be recognized that in the
absence of results obtained by archival tags, thetanovements of these tuna tend to remain
quite uncertain: it is clear that most tagged suhave moved quickly from their tagging
areas, being quickly scattered in the entire Wedtalian Ocean (figure 17). However their
real movements within the fished zone and 3 moffidr dheir tagging, for instance their
seasonal movements or their movement as a funofitimeir age, still remain quite unclear.
These tagging results upon the movements of theustuna species in the Indian Ocean are
at least very interesting and very encouragingerfuture modelling of these 3 stocks: the
wide scale and of the observed fast movements glabiolbv major simplification in the future
modelling of these 3 stocks. Further research shaldo be conducted, comparing the
movement scales and patterns estimated from taggirige other oceans, for instance in
relation with the local environment, as the resolbtained in the Indian Ocean appear to be
really unique world wide.

A potentially serious pending question upon theseclusions may be linked to the
potential bias introduced by the main tagging anéfaKenya/Tanzania, a quite peculiar
coastal area, located in the south-Western rangdeoinain fishing zones. However, this
peculiar area cannot be classified as a frontesi,dveing located at about XXX miles north of
the main fishing zones of the purse seine fishény,northern Mozambic Channel, being a
suitable habitat, at least seasonally for all taptunas. It can also be noted that sea surface
temperatures in the tagging area are suitablertpidal tunas all year round, with SST
fluctuating between 25°C and 29°C. This area i€ighebut not really extreme in the habitat
of tropical tunas. Another interesting point to swler in order to better understand the
potential peculiarity of Kenyan tagging, is to ais& the trajectory of the limited number of
400 recoveries from the Seychelles tagging cruiéegpears that these recovered tags show
average distances of nearly 500 miles (yellowfi®3 4niles, skipjack: 481 miles and bigeye:
403 miles) and also dispersion patterns dispersedrtls most potential directions (figure
20), less recoveries being observed in the EasBanth East, but simply in relation with the
lower levels of catches in these areas.



An interesting parameter to keep in mind in the emegnt patterns observed for the
tagged and many recovered tunas is that the sizége @ species tagged were very similar to
FAD associated sizes (when these yellowfin sizessaldom caught in the free schools purse
seine fishery). Then (1) taking this fishery faatoi account and (2) taking note that many
FADs are presently active in the Indian Ocean (al#00 active FADs were recently
estimated by Moreno et al 2008), it can be hypathdtthan a large proportion of the
recovered tunas have been drifting associated fasFuring part of their lives. This frequent
association to FADs may well explain the largeatises between many tagging and recovery
positions, as it seems that FADs may increase tbgement rates and speed of these
associated tunas (Hallier and Gaertner 2008). wdtier hypothesis, for instance based on the
peculiar environmental characteristics found in litdian Ocean and of the strong monsoon
seasonality, a typical phenomenon in the Indiana@ceshould of course also be envisaged
and carefully analyzed in the interpretation osth@eculiar and active movement patterns.

Another important point to keep in mind in the dission and comparison of the tuna
movements estimated in each of the tuna stocksatkdished in each ocean is e of the
geographical area inhabited by each species, and the size of the area fished. For instance it
is clear, when comparing distances travelled bygedgbigeye tunas in the Eastern Pacific
(Schaefer and Fuller 2005) or Atlantic, and in liindian oceans, that the Indian ocean bigeye
tunas are much more mobile. But furthermore, itusth@lso be kept in mind that the bigeye
areas in the EPO are much wider than in the In@egan: in the EPO, 1358 1° squares have
been producing more than 5 t. yearly during the512@04 period, while in the 10 such
yearly level of catch/square was observed in @88 squares (see figure 17). In such a
context of a much smaller area and of much moreseaghovements, it can easily be
concluded that the bigeye stock tend to be a vscoe, at least the geographical scale of the
EPO, while the Indian Ocean stocks can be consisl&eing highly migratory, partly because
of the smaller size of the areas fished in thedndcean.

However, it should also be kept in mind that théeptal relationship between the
main “tagged areas” in the central part of the \&testndian Ocean, and the wider sizes of
the geographical distributions of each species|(al@wn for instance by the much wider
areas fished by longliners, see figure 15a yellowafid 15b bigeye) are still unknown.

Furthermore, it is also clear that many taggedduara still presently swimming in the
Indian carrying an IOTTP tag: the future recovefyhese tags should soon allow to add a lot
of scientific information on the tuna movementsaolult yellowfin and bigeye, if tagged
fishes taken by longliners can be recovered iniogmt and known proportion. Today only
37 tagged yellowfin and tagged 19 bigeye have beparted by longliners: these recoveries
are already very interesting qualitatively, butytlaee probably widely underestimated at least
for some fleets (this potential problem should lettdy estimated comparing catches and
recoveries at size by each gear). This better ifilsatton of recoveries on longliners would
be of major interest, taking into account the thett longliners are exploiting yellowfin and
bigeye in a much wider fishing zone (figure 1% instance the bigeye feeding zones at
southern latitudes, or in the Arabian Sea (yellayyfwhen the movement pattern between
adult tunas fished between these various feediegsaand the tagging areas (+ or — the
spawning and nurseries areas) remain quite hypcghet

5- Conclusion

This quick overview of the tagging results is attg widely positive and widely
informative: even if the location of the taggingeogtion have been quite limited and poorly
scattered when compared to the ideal tagging sekeratimated by tagging models, they
have released ideal numbers of dart tags, and thgséhave been showing ideal movements:
very fast and wide movements that were totally peeted before the IOTTP. When these



movements would of course need further in depttistitaal study and ad hoc modelling, but
they are clearly very interesting results. Thesellts are well showing intense movements of
the 3 tuna species in the entire Western Indiara@c®lajor further research efforts should
now be developed by the IOTC and the IOTTP stafblider to improve the recovery of
yellowfin and bigeye tags by longliners (and alsp dotisanal fisheries catching large
yellowfin), a difficult but a key stone goal foreHuture analysis of adult tunas in the Indian
Ocean (to estimate well the stock structure, bsi & estimate bigeye growth). One of the
major pending question will also be the “good” mpretation explaining the lack of
recoveries by the Maldivian pole and line fisheas this question could have major
management implications for the Indian Ocean sklpgock.
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Figure 2: Map showing the reporting locations of tunas by species, tagged during the IOTTP
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Figure 5: Linear distances estimated between tagging and recovery positions for all yellowfin
recovered at a know position (average 526 miles)
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Figure 7: Map showing the average catches of skipjack by purse seiners during the average
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Figure 8: Linear distances estimated between tagging and recovery positions for all skipjack
recovered at a known position (average 642 miles)
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Figure 9: Map showing for all the spikjack recoveries the linear trajectories betwwen tagging
and recovery positions.
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Figure 10: Map showing the average catches of bigeye by purse seiners during the average

period 2006-2007

2000
°
L
1800
1600 -
Y L]
1400 A ° .
o * ° I *
L]
ngOO . . DT B .
e s e 8 o O :‘ ° °
2 fgccsge :
& 1000 Ul + ] 4 .
S ® ., ¢ o o
k7] !'i S °
a 800 ° o
0'31 °
600 A i o o1
o \‘ :.o‘
400 i' o 8
s " St
200 !" H $—3 o
":!:"i .« S 4
S RSN i .
0 5 10 15 20 25 30

Month at liberty

35

Figure 11: Linear distances estimated between tagging and recovery positions for all bigeye
recovered at a known position (average 525 miles)

20

Tal\ !
0 "
: D) |
e :
SR - -0
- /K ;
;
/ |
T A R R AN A M-

\\-\-\\o\-\'\\\ \\\\.\'\\\
@ \ [
15
S 10
e Fs
o 00 o L
oo O L
oQeo L
0 o o
-5
Fo10
Lois
20
T T L e e 0 e e 7.25
-35 -40 -45 -50 -55 -60 -65 -70 -75 -80 -85 -90
All BET tagged & recovered tunas: recov position 3 O

O

Figure 12: Map showing for all the bigeyerecoveries the linear trajectories betwwen tagging and
recovery positions and map of the bigeye recovery locations.
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Figure 13: Average catch at size (in numbers of fishes) of yellowfin (12a), skipjqck (12b) and bigeye
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Distance marquage recapture: all recov > 30 days at  sea
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Figure 14: Linear distances between tagging and recovery positions, shown by species and
expressed in percentage, these individual distances being sorted by increasing ranges.
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Figure 15: Average catches of yellowfin (14a left) and of bigeye (14 b right) taken by longliners
during the 2001-2005 period (note that these 2 fishing zones of adult tunas are much wider than
the area with recoveries)
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Figure 16: Quarterly geographical distribution of the observed recoveries, by species, during the
period 4th quarter 2005-1st quarter 2008.
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Figure 17: Map showing the recent average catches of bigeye by purse seine fisheries (period
1995-2004) in the Indian Ocean (right figure) and in the Eastern Pacific (left figure). In the 10 636
1°squares have been fished with an average bigeye catch >5t, when 1358 1°squares have been

producing this level of BET catches in the EP
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Figure 18: Longhurst areas in the Indian Ocean
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Figure 19: Total sizes of skipjack caught by purse seiners and by baitboats during recent years,
period 1996-2005, and sizes of skipjack presently recovered and declared to the IOTC.
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Figure 20: Linear trajectories of all the tuna recoveries of tunas tagged in Seychelles waters
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Annex 1
Map of quarterly catch at size and quarterly
recoveries by species

An ad hoc software allows to do quarterly maps combining any subset of tag
recoveries, and of catch at size by purse seiners. These maps are real ones,

but alternative maps could easily be done by the WG using this automated fast
software.



Trajectories of recoveries and catch at size of small & medium yellowfin by PS

Quarter 1
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Skipjack recoveries and catch by PS
Quarter 1 2 3 4
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Trajectories of recoveries and catch at size of small & medium bigeye by PS

Quarter 1 2 3 4
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