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Summary

This paper reviews and discusses the stock steuofur
Pacific bigeye tuna in relation with the prospeotsstock
assessment analysis of this population. The arsabfdishery
data, mainly the spatio temporal bigeye catchegdgr and
by sizes, indicates that the present 150°W frortigesed on
historical and administrative results does not apge be a
convenient biological frontier. Our conclusion isat the
present lack of significant tag recoveries acrdss 150°W
frontier should not be considered as being sigaific due to
the limited numbers of bigeye presently tagged tmdhe
great distances between present tagging locatidlusth
South movements of adult bigeye are also a potestiarce
of mixing between eastern and western bigeye ptpo& It
is hypothetized that there could be an increasediow of
juvenile bigeye towards the WCPO due to the in@das
number of FADs in the western EPO. Our conclus®that
all the bigeye stock assessments by WCPFC andAfh€d
should preferably be conducted in a unified bestlehand at
a Pacific wide scale. A large scale tagging prognam
covering the distribution area of the entire bigggpulation
and fully coordinated between WCPFC and IATTC wadodd
necessary to obtain realistic and age specific mew
patterns at a Pacific wide level. Management astiohthe
bigeye stocks should also be fully coordinated ketwthe
Western and Eastern stocks, because of the prolvedsk
biological frontier and also because of the bigkymg life
span. The long term management benefits or failuvids
probably be shared by WCPFC and IATTC.

1-Introduction

This paper is based on a definition of populatiod atock that are given in annex 1.
In this definition, a stock is basicallygeographical management unit chosen by fishery
scientists to assess stock status and to managetiie

A legal frontier has beede factoestablished in the Central Pacific around 150° W
separating Western and Eastern Pacific stockse ttesks being later independently used for
the assessment and management by WCPFC and tAeClfdnd using different models).
This limit between stocks may be a “reasonable” fumeskipjack and for yellowfin, but it
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appears to be widely questionable for bigeye tahdgast for tuna scientists working in the
Atlantic and the Indian oceans. Surprisingly theoldmical validity of this quite
artificial/questionable legal frontier has neverebeahoroughly evaluated nor discussed by
scientists from IATTC of from WCPFC: all the IATTS€lock assessment reports confirm that
there is a strict frontier at 150°W (few assesssiemting done on the Pacific wide
population), but to our knowledge, the biologicalidity of such a frontier has never been
actively studied nor questioned in any of the Es¢ntific reports. This paper, written by
“external” scientists, will examine the data in dav or against such a frontier, and it will
discuss the potential movement patterns of juvemi@ adult bigeye in the central Pacific.

2- A pending question: is there a bigeye frontiera  t 150W?

2-1 What frontier between Western & Eastern Pacifi ¢ bigeye
stocks?

Most bigeye stock assessments done in the Pduifi®@ been conducted in the
hypothesis of a strict W-E frontier at 150°W (keepiin mind that some of the SPC
assessments were interestingly done at a Pacifle scale, without being a best case study
for WCPFC and IATTC). The origin of such a frontwas primarily historical and legal
ones: this 150°W limit has been used since 1950tlaadreation of the IATTC, an implicit
western frontier of the IATTC competence area. Suélontier was later well accepted in the
WCPFC and IATTC bigeye stock assessments, mairtguse of the rarity of transpacific
bigeye recoveries. It should also be noticed thiast 150°W frontier split the Pacific Ocean
between 2 areas that have been producing neanhigde bigeye yearly catches since the
early sixties: this striking similarity of yearlyatches being observed for both total catches
(figure 1) as well as for catches of adult bigegkenh by longliners (figure 2). The lack of
significant transpacific tag recoveries is of ceursal, but it is widely the consequence of the
present weakness of past bigeye tagging prograntseifPacific. Furthermore, the limited
taggings of bigeye have been done very far froml&@W frontier, and this fact constitutes
a major limitation to reach a firm conclusion ugbe 150°W frontier. We consider that even
if bigeye tuna resources sometimes tend to be yigldcous ones, as it has been well
demonstrated by the limited movement shown by theent IATTC bigeye recoveries
(Schaefer and Fuller 2005), these results cannahlmur opinion, a real scientific proof that
there is a real biological frontier at 150°W. Inetsame way, the present limited bigeye
tagging cannot be a proof that bigeye tunas bothenEquatorial areas do no migrate to the
Northern Pacific towards their feeding zones that gerfectly well identified in the North
Pacific between 20° and 40°N (as it was concludgdhie IATTC staff, see annex 13
point).

On the other hand, there is a global and legitincatesensus among tuna scientists
that when a tuna population covers an entire wan, and in some cases a very wide ocean
like the Pacific Ocean, there is most often a neednanage the resources at a smaller
geographical scale, possibly at the scale of lamgmomical zones (Hilborn and Sibert) . This
geographical choice of a management unit corresptmdhe artificial but legitimate choice
of given stocks (cf annex 1).

The choice of these frontiers between tuna stbek® been established world wide
based on various criteria:

1) Lack of mixing demonstrated kiygging/recovery results, by an heterogeneity in

the regionabenes (for instance Mediteranean albacore and swordfish)

2) Environmental heterogeneity may often create biological barriers limiting the

tuna movements between 2 fishing zones: this ign&iance the case for Northern



and Southern temperate tunas (albacore, bluefna), have limited movements
across the equatorial areas.

3) Largesdistances: tunas have been classified by lawyers (Carasa®fahe Sea,
article 64) as being “highly migratory species”istlis sometimes true (as it was
recently shown by various tagging results, suchthes frequent wide scale
recoveries observed during the Indian Ocean taggmugon northern and southern
bluefin), but most often, tunas stocks could bedbetlassified as being “viscous”
resources (Mac Call, Sibert, Fonteneau et al 1388ke tunas doing only limited
scale movements compared to their very wide getggab habitat. In such a
context of tuna stock viscosity, a large distanedveen two fishing zones will
most often tend to correspond to a low or to a Meky mixing rate between
individuals inhabiting these two remote areas. Uithsa case, these remote
fractions of stocks should preferably/necessamyabsessed and managed as being
independent stocks, simply due to a distance fa@od to the quite limited
movements of these tunas. This conclusion may Hel \ame, even if the
environment is quite homogeneous between theseteesturks.

4) Legal frontier, for instance the frontiebetween two tuna commissions or any
EEZ limit: there is an unknown but real risk thatls a legal limit may not be well
identified nor followed by the tunas during theiignations.

The analysis of environmental data in the Pacifice@ shows that there is no
significant environmental barrier restricting theAEpotential movements of juvenile nor of
the adult bigeye at 150°W in the equatorial aréefsLonghurst areas, Figure 7). Keeping in
mind that there is some environmental discontin(iityt not a barrier) between the EPO
waters and the warm pool in the WPO, the adultysdeabitat is clearly continuous across
the entire Pacific ocean, two factors that areimdavour of creating such a frontier between
stocks. It should also be kept in mind that theagdistances across the Pacific Ocean (about
10.000 nautical miles between Indonesia and the risare coast) is also a major factor
limiting the full mixing of tunas between these twamote areas. The following paragraphs
will examine the distribution and potential movenseaf juvenile and adult bigeye fished in
equatorial and in temperate waters of the Centxeifié Ocean.

2-2- Movement of juvenile bigeye across the fronti  er: effect of
FADs?

The following facts should be recognized concerrimg 150°W frontier:

v' There is clearly around 100°W an area where jueebigeye tend to be more
abundant in the EPO (see figure 8), probably th@naaea of bigeye concentration in
the EPO,

v" But juvenile bigeye are significantly caught in tde equatorial waters in the WCPO
and EPO, and there is no environmental frontighese equatorial waters at 150°W
(figure 7).

v' Furthermore, since there is a dominant westwaréasercurrent (Figure 9) in the
area, a fraction of the FADs that are seeded sou#fN could easily move to the
western Pacific, and possibly “carry” a fractiontbé EPO bigeye biomass associated
to FADs (keeping in mind that these tunas may wethe back later to the EPO, for
instance if the adult bigeye show a homing behayiothis potential westward drift

% The westward drift of FADs tend to be dominanttia EPO, but the westward drift of FADs would néethe
confirmed by direct observations, as some of tik&d8s may move towards the north or the south, sw dFift
eastwards, at least seasonally, for instance ied@torial counter current.



could easily transfer FADs over large distances \aithin short durations, as a FAD
drifting at a speed of 1 knot (an average speedh®equatorial current in the EPO),
will move from the center of the main IATTC bigely&D area (“El Coralito”) to the
western Pacific frontier at 150°W in only 4 months.

It should thus be envisaged that young bigeyeeeaily do east to west movements in
the equatorial areas (or the opposite) and thessctioe 150°W frontier. It should also be
envisaged thatf the ecological trap hypothesis could be confirmed, i.e. if bigeye tunas are
firmly associated with the network of drifting FADas it was proposed by Marsac et al 2000
and recently widely(?) confirmed by Hallier and @aer 2008), the movement pattern of
juvenile bigeye would be different nowadays: FARsvnproducing a dominant output flow
of juvenile bigeye from the EPO to the Central Radue to the dominant westward drift of
FADs in the equatorial current (Figure 9).

This ecological trap hypothesis is still somewhattooversial, but in this hypothesis,
juvenile bigeye that are often showing a firm asstan with FADs (of course not under a
given FAD, but associated to a network of driftiR§gDs) would have a net(?) movement
towards the WCPO. On the other hand, it could bésaged that the tagging of tunas
associated to anchored FADs (as the recent IATTGeye tagging) could have
underestimated the “real” movement rates and pattérthe bigeye tagged in the area.

As a conclusion, it could then be hypothesized:

(1) that juvenile bigeye are now easily and increagirggbssing the 150°W “legal
frontier”, especially when they are associated toaetwork of FADs drifting
westward.

(2) that this amount of bigeye tuna moving westward rhaye been increasing
during recent years (since the mid nineties), doiehe increased use of FADs in
the EPO.

It should then be of prime importance to betteogmize these potential movements
and to plan a research program allowing to estintfatee potential movement patterns, as
they could produce a potential loss of juvenileelyg tunas in the EPO, and a corresponding
gain in the WCPFC area. If young bigeye are mownd) from the modelled area, these
potential movements of young bigeye recruits cadldourse be of great importance in stock
modelling, as they would limit the validity of ale estimated recruitments obtained by a
biased closed model. The Pacific wide tagging o that are presently developed or
planned by WCPFC and the IATTC would of course lhe ideal way to evaluate these
movements. Furthermorkad hoctagging programme targeting bigeye associated\dsHn
the central areas of the Equatorial Pacific shal&b be planned. It should also be fully
recognized by WCPFC and by the IATTC that thesar&utagging programmes of bigeye
tuna in the Pacific ocean should be fully integiati@argeting bigeye tagging in the west,
central and East Pacific, as well as in the Nortlegeas.

2-3- East West movements of spawners?

All the transpacific equatorial areas E and WLBO°W are potential spawning zones
for bigeye (Taiwanese observer data) (see Figuré®se catches of adult bigeye have been
permanently observed east and west around the 15@tWer since 1960 (always caught in
warm waters), in an area that has permanently be®rcore of the bigeye distribution of
adults in the Pacific Ocean. This fact is well shdwy monthly fishing maps of longliners in
the area (these 630 maps have been done, andrthayailable upon request) a diagram of
the monthly catches by longliners around the IATif@tier (between 120°W and 180°W),



by longitudinal zones of 5°, show permanent mosets of the longline fishery E and W of

the 150°W frontier (Figure 5). We consider thatréhés a high probability that such a

geographical mobility of the catches and the lomlifisheries do correspond to fish
movements (as in this case, the bigeye tuna ctnatiems are permanently followed and
targeted by longliners). This hypothesis that thevement of the longline fishery

corresponds to a biological movement of bigeye furshould at least be envisaged and
analysed, preferably using 1° squares or set bgatat

This question should be fully recognized and aitagggrogram on large bigeye tunas,
preferably using archival tags, would also probabé the best way to solve this major
uncertainty.

2-4- What North South movements of preadult and adu It bigeye?

Furthermore, it is quite clear from the longlinshiery data, that major feeding zones of
bigeye tuna are located in the North Pacific betw2@® and 40°N (see figures 3 and 4). It
should also be kept in mind that the total distapetsveen Asia and America at 30° North is
much smaller than at the Equator:

= 5000 nautical miles at 30°N (only /4f this distance being in the
EPO),
=+ 10000 miles at the Equator.

The smaller size of this northern area, and itaratter of a feeding zone, should
increase the probability for a mixing of fishes toam the Eastern and/or the Western Pacific.
This area could for instance be similar to the Noitlantic Gulf Stream waters, where
bluefin tunas born in the Mediterranean Sea anthéenGulf of Mexico, feed in the same
temperate waters.

Furthermore, this potential seasonal movement aft ddgeye toward their northern
feeding zones is also well suggested by the selisoofithe northern fisheries. Figure 10
shows the higher northern longline CPUEs of bigeyeng the i and last quarter of each
year, when on the opposite the equatorial CPUHsigdye tend to be quite stable (similar
observations can be done worldwide for all the yeeg&tocks).

3- Discussion:

3-1- Overall question of the 150W frontier

Our present conclusion is that the present 1500ftier should not be kept as a closed
frontier between two independent Eastern and WedRearific bigeye stocks. We consider
that none of the 3 parameters given by the IATT@ aapport for the validity of such 150°W
frontier (see annex 3) could be considered as bmingincing ones:

(1) We consider that if the present tagging programsigéye are of course
interesting, they remain widely insufficient, inres of their limited
numbers/recoveries of tags, of their limited gepbreal distribution (Coral
Sea and EPO tagging in limited areas), and of fhaiential bias (tagging on
anchored buoys), to correctly evaluate the reay®gage specific movements
at the scale of the Pacific Ocean.

(2) We consider that the availability of a large biosa$ food in a given area, a
reference to the EPO in the IATTC document, eitnéeeding or a spawning
zones, does not provide any useful information upgba previous or
subsequent movement patterns of tunas that areotanip feeding in a given
area.



(3) We consider that the North-South migration of begégtween their equatorial
nurseries, their temperate feeding zones at northetitudes (in a range
between 20° and 40°N) and their subsequent spawnirgguatorial areas
(between 15°N and 15°S) should be considered leyyetuna scientist as
being the best hypothesis explaining the geographattudinal distribution of
bigeye in the Pacific Ocean (as in all the othezams). This hypothesis is for
us a very strong one, even if it has not yet beemficned by
tagging/recoveries, simply due to an insufficieagging and also possibly to
poor reporting rates of tags by longliners.

On the opposite, we consider that there is a vegh Iprobability that significant
movements of bigeye tuna do occur across the 15@0Mtier at all ages of the exploited life
of bigeye tuna in the Pacific: juvenile, pre-ad@tswell as adults. These movement patterns
could of course introduce significant bias in theck assessment if there are net flows of
tunas in/out from the EPO or WCPO areas (and wbtéese input/output are variable over
time, for instance due to increasing use of FAD®a@nvironmental effects).

3-2- Assessment and management implications of the 150W
frontier

It is easy to recognize that the present 150°Wtikeoloes not play a major role to drive
the present conclusion of the bigeye stock assedsmihis is simply because both Eastern
and Western stocks have been increasingly explaitedin parallel, showing first a similar
increase of longline fisheries (figure 2). Furtherm the recent increase of FAD associated
purse seine catches of small bigeye was also oddenor - simultaneously in parallel in the
2 areas. Then it should not be a surprise of afghat the 2 stocks are isolated to conclude
that the stock status diagnosis in the Eastern/estern Pacific are quite convergent.

However, it should also be recognized and fully lexed to the managers of the
Eastern and Western bigeye stocks that the 1500Wtiér may very well have, in the long
run, (for instance at the 10 to 15 years horizomeasonable delay for bigeye) major
management implications. Two examples can easityiv@n as a support of this conclusion:

= |f the IATTC decides to protect juvenile bigeyer instance permanently
closing the area where a majority of small bigegwehbeen taken by
purse seiners, there is for us an unknown but plyskirge probability
that the 15 years of benefits of this closure Wwél shared by the WPO
and the EPO.

=n the same way, if WCPCF decides to reduce fishnagtality of bigeye
spawners closing the equatorial spawning area leeti80° and 150°W,
there is also a high probability that the beneaditsuch a measure would
be shared in the long run by WCPFC and the IATTRifig countries
(for instance if the movements of adult bigeye tanggested by figure 5
are real ones).

= |t should then be recognized that any managemeasure could have its
benefits split between the 2 areas, and on theaamnta critical lack of
management in one area, for instance leading tadhapse of one of
these 2 stocks, would probably have a highly negatinpact on the
other stock (as the overfishing of Mediterraneameth has a negative
impact on the western Atlantic stock, even witloa bnd strict quota).



4- Conclusion

Taking into consideration the previous facts alsdciinnected hypotheses, the present
uncertainties in the bigeye stock structure anélitsmplications should be better recognized
by WCPFC and the IATTC.

v

v

To fully recognize the potential movements of Radiigeye across the 150°W
frontier and their potential importance in the asseent and management of the
bigeye population,

To plan and to do an ad hoc research programnbetter evaluate them: the
best way to solve these uncertainties would beotwact a fully realistic large
scale tagging programme, targeting a wide randegafye sizes, in the Northern
and Equatorial areas, and especially in the areast\&hd East of the 150°W
frontier, for instance between 120°W and 180°W éamphasis being(???) for
instance be given to French Polynesia tagging)oroter to evaluate the age
specific transfer rates of bigeye around this 150fMtier.

In the short term, an in depth analysis of the tiamed area “apparent”
movements of bigeye tuna fished by longliners, tase their spatial and
temporal patterns of high fishing efforts targetinigeye, and of high bigeye
catches and CPUE (preferably done at the 1° sqlewe§ should also help to
better evaluate the potential movements of adgky® (for instance around the
150° W frontier, but also at a wider geographicalls, estimating both E-W and
N-S movements).

To use assessment models that can well handle geesgaphical units and the
age specific movements of biomass (Such modelglameady used for bigeye
assessment, for instance MF-CL, but being stilledasn highly unrealistic
movement patterns that are not age specific).drstiort term, our conclusion is
that all the bigeye stock assessments by WCPFC taedIATTC should
preferably be conducted using a Pacific wide scadt was tentatively done by
Hampton et XXX when using a full scale MC-CL modaelvering the entire
Pacific Ocean. If such models are well parametdrized well handled, they
should allow to obtain more realistic stock assesgmof the bigeye resources
exploited in the EPO and in the WCP. However, bt be recognized and
kept in mind that the results from such Pacific evigeographically stratified
models, would be fully realistic only if the moventepatterns at age of the
Pacific wide population are realistic ones and daration of age(repeté?). It
should also be noticed that this fully integratéock assessment model at the
scale of the entire Pacific would not be in contadn with the legal status and
responsibilities of the IATTC and WCPFC, the twdies that are responsible
of tuna stock conservation in their own areas ofigetence. In this prospect of a
single Pacific wide assessment model of the bigeyeulation, all the results
(local biomass trend, local MSY, local Fishing nadity, etc...) would still be
available and fully valid in each of the 2 areasQMFC and IATTC). The
subsequent management actions should then be bgkesch of these two RFO,
based on the stock status in their own area of etenge. Our conclusion is that
such fully integrated analysis would be much bettean two independent
analyses. The results obtained from such an dsdtyseach of the 2 stocks (in
the WCPFC & IATTC areas) would be provided for eaththese stocks. The
management responsibility of these 2 stocks by WCBRd the IATTC would
of course be unchanged.



v' To envisage and to implement management actiortheobigeye stocks that
would be fully coordinated between the Western Bastern stocks
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Annex 1. Stock and population

The 2 terms of stock and population are used in this paper following these
definitions:

v' Population: all individuals from a given species living in a given area. All
individuals of bigeye living in the Pacific ocean belong to the same
population.

v' Sub populations: fractions of population that are sharing a common and
peculiar genetic structure and peculiar biological, movement and behavioural
patterns; each of these sub populations may have its origin in a peculiar time
and area strata, and a majority or all fishes from this group may tend to show
peculiar movement patterns and also a homing behaviour, for instance
potentially spawning in their birth area.

v’ Stock: a stock is a geographical management unit chosen by fishery
scientists to assess stock status and to manage the stock. The ideal case is
when the limits between these stocks correspond with well identified sub-
populations, with low mixing rates between tunas fished in these areas. Such
limits between stocks should be seen by scientists as being only temporary
frontiers used as working hypothesis.

10



Annex 2
The IATTC diagnosis explaining the validity of lifgeye frontier at 150°W (May 2008)

“Extensive tagging of bigeye in the equatorial EROring 2000-2005 with archival and
conventional tags has demonstrated that fish, giolythose over 3 years of age and those at liberty
more than one year, show restricted movementswitie equatorial EPO. Recent bigeye tagging
studies in the central Pacific around the Hawaiilstands, and also in the Coral Sea, have also
demonstrated that the movements of bigeye ardatestr with very few individuals moving more than
about 1,000 nm.

The horizontal movements and spawning patternggefyb in tropical and subtropical
regions are similar to those of yellowfin and sagk, and different to the migratory
movements and spawning patterns of albacore anefibldunas. Bigeye feed primarily on
organisms that inhabit the deep-scattering layeichsas squid and mesopelagic fishes. The
concentrations of these organisms in the equatdeéBO is very high, as documented in
numerous oceanographic surveys, including EASTROPAC

There is no evidence from tagging or any other seuto indicate that there is
movement of bigeye spawned in the equatorial EP@dding zones north of 20°N at any

age”.

11
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Figure 5: Diagram showing during the 2001-2004 period, taken as an exemple, the total monthly bigeye catches by
slices of 5°0f longitude, taken by longliners in the are a between 15N and 15°S (the main fishing gear of longlin ers).
This figure shows that the area around 150°W, the tradi tionnal frontier between the 2 assumed Western and Eastern
bigeye stocks, is during each year and all year round, a major fishing zone for adult bigeye. These monthly patterns of
catches as a function of longitude also suggest that this figure may correspond to E-W movements of adult bigeye.
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Figure 6: A conceptual overview of the main potential spawning and feeding zones of bigeye
tuna in the Pacific Ocean, and the logical movement patterns of this species between these

areas.

KURO: Kuro Shio Current

NPST.W and E: North Pacific Subtropical
Gyre West and east

OCAL Offshore California Current

SPSG: South Pacific Subtropical Gyre
SSTC: South Subtropical Convergence
CAMR Central American Coastal

SUND Sunda-Arafura Seas Coastal
NPTG: North Pacific Tropical Gyre
PNEC: North Pacific Equatorial
Countercurrent.

PEQD Pacific Equatorial Divergence
WARM Western Pacific Warm Pool
ARCH Western Pacific Archipelagic Deep
Basins

Figure 7: Map of the Longhurst 1998 areas in the Pacific Ocean
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Figure 8: Average bigeye catches taken under FAD, by 1°squares, during the 2000-2006
period and 4N approximate environmental limit (surface current below this latitude being
permanently dominated by a Westward flow: in the hypothesis that small bigeye are consistently
associated with drifting FADs, such potential westward drift of FADs could produce a westward
flow of the juvenile fraction of the bigeye fraction of stock).
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Figure 9: Average currents at 10m calculated from the Modular Ocean Model driven by observed
winds and mean heat fluxes from 1981 to 1994. From Behringer, Ji, and Leetmaa (1998).

It can well be assumed that drift of FADs is predominantly following this westward water flow
between 3N and 8°S, the main bigeye FAD areas.
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Figure 10: Average monthly levels of the bigeye nominal Bigeye CPUEs of Japanese longliners
in the equatorial Pacific, (L0N-10S) and in the North ern areas (North of 10N)



