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Summary

This working paper examines and discusses the bigeye stock assessment results obtained by
the IATTC since 2000. It concludes that there was a large variability, uncertainties and
potential bias in these past results, while these basic problems were seldom or never
discussed in the yearly assessment reports. The paper tries to identify the potential causes
that could explain these often wide uncertainties. A combination of statistical, biological and
modelling uncertainties have been identified and they are discussed in the paper. In its
conclusions, the paper makes a series of research recommendations that would improve the
future quality of the bigeye stock assessment in the EPO.

1-Introduction

It should be noted that bigeye tuna has been a major species in the EPO fisheries at
least since the mid seventies (Figure 1 and 2), in terms of quantities taken, these bigeye
catches, by longliners and recently by purse seiners, showing a permanent steady increase
during the last half century. The major importance of bigeye catches is mainly in terms of its
high value, as bigeye was mainly taken by longliners (before the development of FADs
fishery) and sold at a high value on the sashimi market (mainly in Japan). It can then be
estimated that at least during the period 1986-1995, the value of the bigeye catches by
longliners in the EPO was probably much higher that the value of yellowfin tuna taken by
purse seiners and sold to canneries at much lower prices (Figure 3). Surprisingly and despite
of this very high value, few bigeye stock assessments have been done by the IATTC staff
before 1998 and there was a global lack of investigation by the IATTC on this species.

However, the bigeye stock fished in the Eastern Pacific has been carefully assessed
each year during the last 10 years by the IATTC scientists. All the yearly assessment reports
presented by the IATTC scientists to the IATTC Commission have been making each year
the “best” stock assessments in the context of each year, but as these reports were primarily
targeting the best and most recent stock status diagnosis, the year to year variability between
these yearly results have not been examined in a comprehensive way in any of these yearly
reports nor in an ad hoc IATTC report.

The main goal of this paper is to compare the yearly stock assessment results obtained
on this EPO bigeye stock. Our goal is to evaluate and to discuss the year to year variability in
the methods, in the input data (catch and effort statistics, sizes of fishes caught by the various
fleets) as well as biological parameters used yearly in these assessments. The final step of this
comparison will be to compare the diagnosis obtained each year by the most recent analysis
for the most recent years, to the revised/improved analysis done on the same final years, but
during subsequent years. The paper will try to identify if these estimates were consistent over
time, or if they were systematically biased. The paper will discuss these additive uncertainties
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in the input and results of the recent bigeyelsamsessment results, and it will make various
recommendation allowings a better understandirthefeal uncertainties of these results.

2- Changes in yearly assessment: last year diagnosis

2-1- Studied question

The main goal of this paper is to compare therthags done each year on the status of
the EPO bigeye stock, comparing the estimated sstafustock/fishery, i.e. biomass and
Fishing mortality, as a function of the corresporgdMSY levels:

(1) during the last year of the analysis, when thast recent year was presented to the
Commission as being the current stock & fishenyagion,

(2) to the estimated status of the same yearsdiumhated by the models 1 and 2 years
later. This basic comparison is done in the accepygothesis that the status of the stock is
always better known, when it is estimated afteesgwears of exploitation.

This comparison will be done using the so callezb& diagram, as this plot of the
biomass and fishing mortalities levels and tresdjuite informative of stock status, keeping
note that for the IATTC commissioners, the mosentg/ear used in the analysis tend to be
the most important, in term of its subsequent mamemt measures. This study will then
mainly analyze the year to year variability in #gstimated levels (relative biomass and trend
in relative fishing mortality) of this most receyear.

2-2- Observed Changes in stock assessment diagnosis

2-2-1- Increasing recruitments and increasing MSY?

The comparison between the main results of reloigietye stock assessment analysis
shows that the MSY has been widely and steadilyessing: from 60000 tons in 2000 to
reach an average of 100000 t. tons during receaarsy@igure 4a). The same observation can
be done on the estimated biomass at MSY (Figur@ dbd on the apparent trend of the
estimated recruitments (Figure 4c, a Figure alsowsig an increasing trend, a trend
explaining the increased MSY)

Such a major increase of MSY may be real, forams¢ due to environmental
anomalies (the positive effect of good El Nifios? KFhodey 2001) and being the
consequence of increasing recruitments that haea lkbempensating the increased fishing
pressure. This increased MSY could also be dua improved yield per recruit obtained by
fisheries catching the bigeye close to the optimeights in term of Y/R (about 35kg for
bigeye?). The observed declining tréninl the average weight of bigeye caught in the EPO
area (shown by Figure 2) does not support this tingsis, as the recent average weights of
bigeye are quite low compared to the optimal we{tie MSY should have declined during
the period 1994-2006 due to the increasing catciesmall bigeye, Figure 5, and to the
subsequent expected decline of yield per recruit).

Based on multiple similar cases in the world widistory of the tuna stock
assessments (including in the IATTC area: yellowfitock), it could also well be
envisaged/concluded that this increasing MSY idicdl, and due to the fact that during the
first years of the series, the MSY were widely uedémated due to the lower exploitation
rates and especially on the low levels of juvebilgeye caught (real or not, as discussed in
chapter 3) . There is no doubt that a such strachias has often been observed in tuna stock
assessments (as it was discussed by Fonteneal @8l Furthermore, in the peculiar case

3 A decline of average weight due to the increasgches of FAD associated catches, and to theveldécline
of the longline catches



of this bigeye stock, the increasing MSY may simply due to the recently introduced
improved estimates of bigeye catches by purse =eifvéhile the 2000 MSY estimates at
60000 t. was estimated based on a much lower caighre 4a). At least it is striking to note
that the increased recruitment takes place whenctieected and higher series of FAD
associated catches by purse seiners were introdiicled input data set.

Strangely, this marked increasing trend in the MS¥eldom/never discussed in any
of the yearly IATTC stock assessment reports. @aliriig is that it would be necessary to try
to explain this major trend, at least to discusarid probably also to conclude that when the
estimated MSY have been increasing, this may bedhnsequence of analytical bias, while
the real changes of MSY remain unclear.

2-2-2- Variability in the status of the most recent years

The standard method recently approved by the wartona RFO during the Kobe
meeting, the “Kobe plot” is a simple and efficiemay to summarize a stock status: simply
showing the estimated (1) position of the yearlyniss of the stock (total or spawning) vs
the equivalent biomass at MSY and (2) positionhaf yearly Fishing mortalities vs Fishing
mortality at MSY.

In each of these yearly diagrams, one of the kayesresults tend to be the “position”
of the last year estimates. Even if we recogniz¢ tihe last year tends to be (always and by
nature) the most uncertain, it always plays a datji major role in the management of the
stocks, since management action are most oftem takehe most recent situation of stocks
and fisheries.

In this context it is very simple and it shoulddfeprime interest, to do a retrospective
analyses of the validity of these “last years dcsysi’, simply comparing their relative
position in their initial position of “last yearsand the position of the same year, but 1 year
and 2 years after (these revised estimates beirngh rmore realistic, at least if the stock
assessment is consistent). As this interestingpgpéctive comparison has not been done
routinely during the IATTC yearly stock assessmest made a first attempt to do such a
retrospective analysis, based on the publishadybkigeye stock assessment results during
the 2000-2007 period. The selected parameters therg¢otal biomass of the last year, as
estimated during each assessment, and the biorh#ss same year as it has been estimated
in the subsequent years. The basic result of tngparison is shown by Figure 6.

This Figure shows 3 types of changes in these saimeestimates:

= The biomass of the year 2003 was nearly identic#the 2004, 2005 and 2006
assessments. This is the ideal case: and it canrimuded in this case that the
biomass estimated the€' time in 2004 was probably/possibly unbiased and
well estimated (or facing the same bias/errors anheof the 3 successive
assessments)

= On the opposite, there was a major decline of @ 2stimated biomass: this
biomass was first estimated at 530000 tons, amd iat2002 at a lower level
of 375000 t. and then in 2003 at 430000 tons chSaariability cast serious
doubts on the validity of the first year estimat@dmass (it was probably
seriously overestimated in 2001 or underestimatetDD2?).

= Concerning the other 4 years (2001,2002, 2004 &b@b)2 there was a
significant steady increase of these “last yeadniasses, showing nearly
identical rates of increases for each of thesshirg years and an average rate
of 28% of increase during the 3 successive assetsme

This large variability of the last year estimatednbass is of course partly due to
logical reasons, as the most recent cohorts figihélte purse seine fishery (for instance the 2



younger cohorts) are still poorly estimated. Howe®as the total estimated stock biomass of
bigeye contains 10 year classes, this uncertaintiyd biomass of the youngest cohorts cannot
explain the large scale of the recruitment varigbdand trend shown by Figure 3.

Another important point to keep in mind in thebamges, is the fact that, as the total
yearly catches during these fishing years have baatively stable during these assessments,
it means that the average fishing mortalities estigth by the models during each of these 4
years have also been widely variable, but in th@osjte way: for instance, when there was a
28% increase of biomass estimated for the lastsy2@®1, 2002, 2004 and 2005, the Fishing
mortalities estimated by the successive models&mh of these last years will necessarily
show a subsequent decline of the correspondingnfisimortalities (this decline could easily
be calculated, but unfortunately the data presgnilyished by the IATTC does not allow to
calculate the rate of this logical declining trend)

It can thus be concluded from this overview that inthe most recent bigeye stock
assessments the biomass and the fishing mortalityas poorly estimated, during a
majority of the years, and most often shows a stocstatus diagnosis that was by far too
pessimistic. During the period 2001-2005 several tifie “last years” would have been in
the red area of the Kobe diagram during the assessnt year, while the assessment
diagnosis of these same years would have been muwbre optimistic for 4 of these 5 last
fishing years: showing much larger biomass and lowefishing mortalities and then
easily moving from a red area towards a green zorw the Kobe diagram.

2-3- What potential causes for these past errors

The present overview of changes in the recentyBiggock in the EPO has showed
that there are still wide uncertainties in theset @malysis, these uncertainties being very
seldom discussed in the past assessment repoggrébent paper will try to examine and to
discuss the various potential causes that may iexplese serious uncertainties in the
assessment results (chapters 3, 4 and 5). Thiswealso leads to research recommendations
that are envisaged in the conclusion.

3- Errors and bias in Catch and effort data

Catch and effort data from the longline fisherwas be considered as being of fairly
good statistical quality, simply because the |lamgliishery has been dominated by Japanese
longliners, a country that has been always progdealiable C/E statistics and good size data.
The potential bigeye catches by IUU longliners,tthave often been identified in other
oceans, have not yet been reported and therefooead, but they could also exist in the EPO
(from high seas vessels or from coastal countri@s)the opposite, it should be kept in mind
that these IUU catches are tentatively estimatedthgr RFOs.

However there are still significant/major uncerti@s in the levels of the historical
bigeye catches taken by purse seiners in the ER@rdal species composition of the EPO
purse seiners and the real catch at size of bigayght by purse seiners has been estimated
yearly in the EPO only since 200Ghen the real bigeye catches and sizes takerutsep
seiners before 2000 are still widely uncertain. gt estimates of bigeye catches have been
done by the IATTC for the 1994-1999 period, butiklgirthe earlier years, the bigeye catch
series remain uncorrected, assuming that the specmaposition was OK before 1994 (before
the FAD fisheries). The presently assumed percentsfgbigeye in the FAD associated

* . species sampling: when these species samplirg developed in the Atlantic and Indian oceansdiédland
1982



catches is shown by Figure 7. This estimated lomgeage of bigeye taken under logs/FAD
during the early period 1974-1993 could “easilytremase, assuming that small bigeye were
caught under natural logs at the same rate as t(s#syFigure 8). The real bigeye catches
during the period 1965-1992 could well be in tleisge, and not at its minimal present values.
The “real” levels of the historical bigeye catckrid remains probably highly questionable,
and this uncertainty is fully apparent, for instanehen comparing 2 average fishing maps of
the FAD associated school catches (Figure 9 a and Quring the early period 1986-1989
(an average bigeye catch of only 3.2 %) and dur@agnt years (2000-2005) with 24.5 % of
bigeye. There is a serious potential that the @®841lhistorical bigeye catches may be
significantly underestimated in the data set usdtié present bigeye stock assessments (even
keeping in mind the fact that the % of bigeye unB&D is always much lower in the
traditional coastal areas of the EPO).

The potential consequences of these basic gtatisihcertainties in historical catches
should be better estimated, as the trend and levéhe total yearly catches remains in all the
assessment models, a key parameter that is camdgiomany basic results, such as
recruitment levels, total biomass and MSY estimates

Furthermore, the recent/present uncertaintiesarbigeye catches are also well visible
on Figure 11 showing the historical yearly catcbieBigeye during the 1970-1999 period and
used in the 2000 and 2007 stock assessments:\isederesent estimates are much higher
than the previous ones, showing that the basic dagiee then widely unrealistic and
underestimated (when this was not the case foowéh and skipack, as these 2 species have
been showing stable and realistic series of cajches

A last important point is also that one of the anajncertainties in all the bigeye stock
assessments should always be kept in mind: allettessessments are de facto widely
conditioned by longline fisheries and by the assimeationship between their CPUE and
the local densities and biomass of bigeye. A pasiiactor is that the EPO is one of the few
fishing zones where bigeye tuna has always beemtig/only target species of longliners
(during most years and especially during the repenbd, bigeye corresponding to more than
half of the total catches by longliners). A seriguending problem remains that the longline
fisheries have developed a wide range of major gésuand improvements (Ward 2007) that
are very difficult to incorporate in the assessmaotels. These changes should at least be
kept in mind as they may lead to too optimistiogdiasis: these technological improvements
masking to some extent the real decline of the bgsn

4- Errors in biological parameters

4-1- A western frontier at 150W?

Most bigeye stock assessments done by the IATT¢ Hmween conducted in the
hypothesis of a strict W-E frontier at 150°W, sacfrontier being primarily based on the low
rate of transpacific bigeye recoveries. This latkag recovery is of course real, but this
conclusion may be widely invalid due to the seweeakness of tagging programs in the area
close to the frontier at 150°W. Even if bigeye tueaources sometimes tend to be highly
viscous, as it has been well demonstrated by théeld movement shown by the recent
IATTC bigeye recoveries (Schaefer and Fuller 208%se results do not prove that there
is a biological frontier at 150°W. In the same way, they do not prove that bigeye bothe
Equatorial areas do no migrate to the Northernfleaai age 3 towards their feeding zones
North of 20°N, even if this “obvious” movement ati has not yet been confirmed by the
tagging results.

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



= There is no environmental barrier restricting Ex&V potential movements of
juvenile and of adult bigeye at 150°W (cf Longhwastas, Figure 17).

= All the equatorial areas E and W of 150°W are temial spawning zone for
bigeye (Taiwanese observer data) (see Figure 1@),tleere are permanent
catches of adult bigeye east and west at this ilgnan area that has
permanently been the core of the bigeye distrilbubibadults. This fact is well
shown by monthly fishing maps of longliners in #irea (these 630 maps have
been done, and they are available upon requestagrath of the monthly
catches by longliners around the IATTC frontiertfeen 120°W and 180°W),
by longitudinal zones of 5°, tend to show permameavement of the longline
fishery E and W around this 150° frontier (Figu®.1We consider that there
is a high probability that these geographical mubibf the catches and
fisheries do correspond to movements of fishedoffiad by the longliners),
and this hypothesis should at least be envisagecaalysed.

=< The major feeding zones of bigeye tuna in theflRaare located in the North
Pacific between 20° and 35°N (see Figure 14,1518)dIt should be kept in
mind that the total distance between Asia and Acaeat 30° Norh is much
smaller than at the Equator: 5000 nautical nate30°, versus 10000 miles at
the Equator. This smaller size of this northernaaamd its character of a
feeding zone, should increase the probability fomixing of fishes born in the
Eastern and/or the Western Pacific.

= |t is also clear that juvenile bigeye are alsatritisted in both side of the
150°W frontier, as it can be seen in the FAD figh@round 150°W, and that
these juvenile are easily crossing this legal feynt

Furthermore, it should also be envisaged thtite ecological trap hypothesis could
be confirmed, i.e. if bigeye tunas are firmly associated with hetwork of drifting FADs (as
it was proposed by Marsac et al 2000), that thetddcnowadays be 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 18 and 1®the EPO environment and its dominant
westward surface current (Figure 19, taken fromvisfa pers. com.), a majority of FADs
that are seeded south of 4°N could move to theemned®acific, and possibly “carrying” a
fraction of the EPO bigeye biomass associated Dd-(keeping in mind that these tunas may
well come back later to the EPO, for instance dytlare showing a homing behaviour). This
ecological trap hypothesis is still controverstalt the recent paper by Hallier and Gaertner
2007 would tend confirm its validity (especiallyr fjuvenile bigeye that are often showing a
firm association with FADs (not under a given FAWit associated to a network of FADS),
and the faster potential movements of tagged tasasciated to FAD. On the opposite, it
could be envisaged that the tagging of tunas aat®utito anchored FADs (as the recent
IATTC bigeye tagging) could underestimate the “feabvement rates and pattern of the
stock.

It should then be of prime importance to bettelogeize this potential for E to W
and/or W to E bigeye movement, directly within tBquatorial areas, and N-S indirectly,
towards the Northern feeding zones, i.e. produeltiger an average potential loss or a gain
of fishes during the life of each cohort. This masat of adult bigeye toward their northern
feeding zones is for instance well suggested bys#@sonality of these fisheries, Figure 12
showing the higher northern CPUEs of bigeye dutimg £ and last quarter of each year
(when equatorial CPUESs tend to be quite stable).

Such potential loss or gain of fishes in the EP@nduthe life of the exploited cohorts
should be better explored and tentatively introducethe assessment models, as it may well
explain the frequent bias in the too pessimiststyear” assessment: for instance if there is a



permanent net-transfer of biomass (then a recruitheoé fishes from the central Pacific to the
Eastern EPO.

It is also quite interesting to note the EPO pexil with the events observed in 2000
and 2001 (Figure 22), when surprisingly the mayooit the bigeye tuna caught under FADs
were not juvenile, but adult bigeye predominanthgrol meter, an event that goes against the
well known fact or belief that FADs only attracvgnile bigeye tuna.

This question should be fully recognized and gitagyprogram on tunas associated to
drifting FAD would be the only way to solve this joruncertainty.

4-2- Uncertainties and changes in basic biological parameters

4-2-1- Natural mortality at age and longevity

The level and pattern of Natural mortality as achion of age is a biological
parameter of outmost importance in every tuna sasdessment, and especially for bigeye
tuna, as it widely conditions the recruitment leaeld stock sizes, as well as the potential
interaction between juvenile and adult fisheridsisTactor is always of key importance in all
the bigeye tuna fisheries world wide, due to thaaasing competition between FAD purse
seine fisheries predominantly catching juvenileslygy and longliners catching only the adults
(Figure 22 and 29).

Various additional comments can be done uponpibiiential interaction:

# If M is low for juvenile, for instance in the 2Digeye stock assessment, then there
is a huge potential for such a Y/R competition]eaist when the stock is suffering a high
exploitation rate.

# On the opposite, if juvenile M is high, as in 2@01 stock assessment (this should
be a universal biological rule: larvae and juvemite always suffering a much higher M, for
all animals, and including human), this competitroay be quite limited, due to the much
larger levels of recruits that are “necessarilruited and fished in this hypothesis.

Unfortunately this vector of natural mortality asfumction of age remains widely
unknown for bigeye. This major uncertainty is stdced by all tuna RFO and also in the
IATTC area, as it can be seen when comparing thée wyearly variability of the
assumed/estimatedJy vector (Figure 20) (keeping in mind that the tlesels of Juvenile M
could well be outside this range). It could alsodmwisaged that the real levels of natural
mortality at age could be widely outside these lewsed. Our feeling is that the constant M
hypothesis used in the 2000 and 2007 assessmenikl siever be used for bigeye, as it is
totally unrealistic and against all biological laWBeverton and Holt 1957, Ricker 1975,
Peterson & Wrobleski 1984, McGurk 1986, Finch 19%0)d against all the tagging results
(Hampton 2000) to assume that natural mortalitthes same for a 2.5 kg and for a 50 kg
bigeye.

It could also be interesting, upon the level ofelyg natural mortality of juvenile
bigeye, to positively envisage the ICCAT hypothdsBulland’s hypothesis”) that juvenile
yellowfin and bigeye should have very similar natunortalities during their juvenile stages,
these juvenile bigeye being:

= very difficult to identify: same shape, same calaimilar behavior

= living mostly in mixed schools, in shallow wateend in the same equatorial
nurseries and both species often under FADSs,

= probably eating the same preys and being the fetyee same predators,

Furthermore, the bigeye longevity is also an imgratrbut poorly known parameter for
the bigeye stock: this species may easily showngeuity over 10 years or more (bigeye
recoveries were observed > 12 years at libertyn evieh small numbers of tagged bigeye,



and a poor reporting of tagged fishes by most laegdlleets). We see a realistic probability
that the bigeye stock could have a significant tiosc of very old fishes and producing
significant catches during at least 12 or 15 ydarsimilar uncertainty has been noticed for
southern bluefin, a species commonly fished at ages 20 years as it was well shown by
Kalish et al 1996, when the present southern biugtfick assessments also faces difficulties
to incorporate such longevity) .

It is possible that these biological uncertainbasnatural mortality and longevity did
produce significant errors in past/present bigdageksassessments and further investigation
should be developed in this field by the IATTC inder to reduce this uncertainty, for
instance tagging large numbers of small yellowfird digeye in the central Pacific FAD
areas.

These major uncertainties concerning the level@attern of the natural mortality as
a function of age should at least be fully exploiredhe basic IATTC stock assessment, and
the ICCAT hypothesis should at least be envisagednl similar levels of juvenile M for
yellowfin and bigeye for small sizes (i.e. at siz&® cm?). The hypothesis of a constant and
low natural mortality of juvenile bigeye should eevbe used in any bigeye stock
assessments.

4-2-2- Sex ratio at size

This biological parameter is important in modetack assessment, as it indirectly
condition the spawning potential of the estimatéaclss: a 50/50 sex ratio will lead to
relatively large spawning biomass, while a sexorafi adults widely dominated by males as
in the 2000-2002 analysis, will correspond to mimler spawning biomass, especially at
higher exploitation rates. This important biologiparameter is very easy and unexpensive to
obtain, but for bigeye tuna it should be basedhansex of bigeye caught by longliners, as the
adult bigeye are primarily caught by this gear.pg8igimgly, it can be noted that this basic
parameters remains poorly estimated in the EPO shrmvs a surprising year to year
variability. Even the presently estimated sex rato size (Figure 21) remains possibly
guestionable, due to the limited sample availagdpgecially for the larger fishes (for instance
bigeye taken at sizes over 1.50m, i.e. 40 % in ntenf the recent EPO catches).

It is possible that this biological uncertaintpguced significant errors in past/present
bigeye stock assessments and further investigatibasld be developed in this field by the
IATTC. A major sampling effort on longliners shoubeg conducted in order to reduce this
uncertainty.

4-2-3- Relative fecundity at size

This biological parameter is also an important,asein the model it conditions the
expected recruitments levels. Based on the obseseability of this parameter observed in
the recent IATTC assessments (Figure 26), it carobeluded that there are still a wide range
of uncertainties in this parameter. The age at §pgwning remains widely uncertain in the
EPO, and when the Schaefer et al 2005 study ireliaalate size at maturity at 135 cm,
various other studies or results indicate a muchllemsize at T maturity at about 1 meter, as
in other areas of the Pacific Ocean (Farley e2@06, Sun et al 2006, and Taiwanese EPO
observer unpublished data). It should be kept indnthat the sample from longliners in this
study was very limited: only 120 fishes, fishestthare possibly taken outside spawning
strata. This biological uncertainty should be gasiarified, and necessarily targeting a large
biological sampling of longliners fishing in thedbespawning strata (+ or — shown by Figure
10).

One of the further pending question on this tapialso the potential existence of a
parental effect i.e. the oldest/larger females having a redogical potential much greater



than the estimates based on the counting of tiggis,esimply because the eggs produced by
these very old females have a much better surandla wider spatio-temporal distribution,
thus a much higher probability for producing lar¢Bekeland & Dayton 2005). This topic of

a parental effect should be better evaluated fgeys tuna (as for other large tuna species) as
it would have a great impact on stock conservaéind on the management of the bigeye
stock (for instance through the closure of stratene the larger fishes are predominantly
taken).

It is possible that this biological uncertaintypguced significant errors in past/present
bigeye stock assessments and further investigationlld be developed in this field by the
IATTC.

Our recommendations are (1) that a major biologsaahpling effort, especially on
longliners, should necessarily be conducted as s®opossible in order to reduce these
uncertainties (this would be easy and inexpensiveld) and (2) that further biological
research should be developed on the potential fzreffect of bigeye tunas.

4-2-4- Growth

Growth is always a basic parameter of key impaeaim all analytical tuna stock
assessments (SPA, A-SCALA, SS2 or other models asdVF-CL). The growth pattern is
either fixed by existing data (VPAS) or estimatgdtte models as a best fit. The year to year
variability of the bigeye growth estimated duringcent stock assessments (Figure 23) is
rather important and difficult to understand andguistify. Furthermore, one of the basic fact
that has often been observed on bigeye tunas (agllowfin) is their clear 2 stanza growth
curve , (as analyzed for yellowfin in the Atlanbg Gascuel et al 1992) that has been fairly
well shown by the recoveries from various tagginggpams (Figure 24 from the Indian
Ocean tagging). This potential slow growth of juletbigeye should be better investigated,
and if it is confirmed, it should permanently bepkas a fixed prior in all future assessment
works.

A large scale tagging programme tagging bigeyeadabus sizes and in various areas
would be the best/only way to solve this major dgatal uncertainty.

4-2-5- Size of the spawning stock

The size of the spawning stock has been estimaadyyby the IATTC, this result
being the “consequence” of the various parametersd @esults in the yearly models
(recruitment, growth, sex ratio at size, fecundity size, exploitation rate, etc..). These
estimated yearly sizes of the spawning stock apgvshn Figures 27 and 28 (as given in the
yearly IATTC reports). These Figures are showinglabal declining trend, logical in the
context of increasing catches, but with a quitg@ssing/misleading variability:

1) During the assessment years 2001 & 2002, the spgvatock is at very high
levels close to the total biomass: it probably esponds to an estimated
biomass of mature bigeye, males + females, anahihat be a spawning stock
of females.

2) During the assessment years 2000, and 2003-2084 spawning stock » is
probably an estimated biomass of mature females

3) Since 2005-2007, the size of the « Spawning stoalas estimated using a
relative index, and if this index shows a potentehtive trend, it does not
show the real level estimated for this spawninglsto

We consider that the year to year variability of #stimated spawning stock sizes
observed during the successive IATTC bigeye stadessments is excessive: the declining
trend in the spawning biomass is highly logical the “real” spawning biomass remains for
us widely uncertain. Keeping in mind that the spangrbiomass of such a long living species



should show a moderate yearly variability. Thisistural uncertainty should be at least better
discussed and explained. Our recommendation is thothese results should always be
given at the same scale, and preferably as abduluteasses.

Further biological research on bigeye spawning hbe conducted, and especially
on the size/age at 50% spawning, as we considetibaecent values used in the assessment
(50% spawning at about 6 years) is fairly unregliahd probably not representative of the
real age at first spawning (probably in a rangevbeh 3 and 4 years. A more intense
spawning on longliners fishing on the spawning p&ygrounds would be the best and only
way to obtain such representative sampling (thigld/be easy and quite inexpensive to do).

5- Uncertainties due to the assessment methods used?

During the last 10 years, the IATTC staff has basimg 3 main types of assessment
models: (1) the “traditional” cohort analysis prepd by Murphy 1965 and generalized by
Tomlinson in 1970 and widely used by the IATTC dgrimany years, (2) the A-SCALA
model recently developed by Maunder (Maunder andtéis2003) and (3) since 2007 the
SS2 model developed by Methot 1990. Each of theselela have advantages and
disadvantages, but none of them is very efficienhandle the age specific movement of
tunas, or the permanent changes in the targeting ofviir®ous fleets, and the permanent
major changes in the age specific fishing seld@wiand catchabilities (probably with major
trends of increasing catchability for most pursmedleets, for instance due to the new and
highly efficient EU purse seiners (Gascuel et a®3,9Gaertner and Pallares 2002), and
especially on bigeye caugh on FADs. None of thesgmie model can handle well such
permanent increases of FAD fishing power, and asresequence it is impossible, in the
absence of a tagging program, to know if a CPUEease of FAD associated bigeye is due,
(1) either to an increased recruitment or (2) iarecreased efficiency of purse seiners and
their FADs.

Furthermore, all these models are also widely tpréss” of the assumed or estimated
biological parameters and of the quality of catod affort data (as these parameters remain
their fundamental basis): if the historic catchdssmall bigeye remains widely under
estimated, then none of the models (past, pregehitare ones) will correct this structural
bias!

The same comment can be made upon natural morgéaldage, a factor that is widely
conditioning the potential interaction between FAIDd longline fisheries: none of the
assessment model can obtain realistic estimatégotal potential Y/R interactions when the
natural mortality at age are widely erroneous (fstance if the juvenile Mare widely
underestimated), and this was possibly the caserite of the past analysis.

The same major basic uncertainties are also patgnfiaced at the geographical
levels: all present models are very weak to hatidlecomplexity of tuna movements that are
still very poorly known. None of the present modeds efficiently handle a major change in
the size of the area fished, a factor that is abnagreasing the apparent recruitment and the
estimated MSY (Laloe 1989). Furthermore, bigeye emoents remain widely uncertain:
showing sometimes a great viscosity (well showrsbme tagging recently done in a given
context of equatorial anchored FADs by Schaeferfanter 2005), or the “necessary” large
scale N-S movements of adult bigeye between tipawsing and feeding zones (Figure 15).
There is no doubt that major uncertainties will aamupon these movements in the absence
of large scale tagging experiments covering th@efishing zone and a wide range of sizes

®> Models and tuna movements: there is a major ditfjan all the present assessment models to irmatp
realistic small fishing areas, and tunas movindheaonth between these areas, at variable ratesfusstion of
there age and of the environment variability.
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tagged, and using a wide range of tags (dart axtrehic). Furthermore, even when the real
age specific movement patterns of a tuna speceepearfectly known by scientists, they will
always be very difficult or impossible to introducean optimal model based on fine scale
realistic geographic strata and with realistic seat movements that should be variable as a
function of age, and also from one year to theodhdetween cohorts (Atlantic bluefin).

We also consider that a realistic bigeye stock ssssent in the EPO should
necessarily start during the early fifties, anghbuld incorporate all the initial years of an
already quite high exploitation rates (startind. 854 with a virgin stock! What an interesting
case!) and during which Japanese longliners (aait food data base: C/E & sizes) were
widely dominant. The very interesting first yeafdlee fishery that have been well followed
should never be abandoned from the analysis (fothese analyses have been facing a
“Shifting baseline syndrome” well analyzed by Pal95). Subsequently, we consider that
the IATTC staff should take action to recover frdapan all the historical bigeye size data
that —surprisingly- are not presently availablethe IATTC data base and conduct all its
future bigeye assessments since 1954/1955.

We consider that an in depth reanalysis of theas®d<atch and CPUESs by sizes and
by time and area strata (similar to Figure 13)|d¢@lso help to better evaluate more realistic
movement patterns and the potential frontiers betmatocks and to better incorporate these
results in the assessment models.

Our conclusion is that most assessment models eabpti tuna stocks (VPA, A-
SCALA or SS2) may well tend to often underestintate real potential productivity of most
tuna stocks. This frequent structural bias is dughe fact that various fractions of tuna
stocks can often be quite cryptic and unavailabldigheries during many years. In this
context analysed by Fonteneau and al 1998, margy stotk assessments tend to conclude
each year that the stocks are already fully exgidotr overfished, when further changes in
fishing patterns or areas or fishing depth, easépnd to increase the sustainable catches and
the estimated MSY (as for the bigeye and yelloMigY in the EPO)

6- Conclusion

The analysis of the multiple major changes in tAgTIC results of bigeye stock
assessments shows that these results were masgoistionable (the increasing MSY, trend
in recruitment, variability of yearly stock biomasge Figure 26), highly variable or false (the
last year diagnosis in all the yearly Kobe diagrai¢ée consider that these past uncertainties
in the results should be fully recognized and edlgfanalyzed by the IATTC, as these past
problems and errors tend to reduce the credibilitpresent and future analysis. Looking at
these past errors, many IATTC commissioners woasdl\e question their validity, especially
in the context of past IATTC reports in which dletestimated parameters aeefacto most
often presented as being “real scientific trutith@ugh these results are only temporary,
fragile and provisional “best estimates of the yiear

The basic causes of these uncertainties and eshotdd be better analysed, but they
are probably due to a combination of uncertaintstatistical, biological and analytical- and
to the fact that even the best and most complea stock assessment models are still quite
unrealistic to model the complexity and variabiliof such highly migratory species,
especially when these species show a combinatianvidcous behaviour (Mac Call 1990) as
it has been well shown by the results of recentli&Tagging but alsobviously doing large
scale movements (for instance towards their nantlieeding zones: these bigetye are not
born at 35°N!). One of the more critical limitingdtor is probably the weakness of tagging
results in the area, recent tagging being veryésteng ones, but too limited to peculiar sizes
and areas components of the stock, possibly biagélde TOA anchored buoys (equivalent to
anchored FADS).
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The only way to solve these uncertainties woulddeonduct a fully realistic large
scale tagging programme, targeting a wide rangéigéye sizes, in the Northern and
Equatorial areas, and especially in the areas WAresEast of the 150°W frontier, for instance
between 120°W and 180°W, an emphasis being foarest be given to French Polynesia
tagging), in order to evaluate the age specifiodfer rates of bigeye as a function of age,
around this administrative frontier. This largegang program should be carried in parallel
with an intensive biological research conductedbayeye, and especially on adults, and
preferably in conjunction with the same researchdaated in the Central and Western
Pacific.

It should then be recognized that all the bigey@T& past stock assessment have
been facing major uncertainties and that theirlteshave been most often severely biased:
for instance underestimating the productivity/réonent of the stock and its MSY and often
providing a too pessimistic diagnosis upon theustatf the bigeye stock during the last year
of the assessment. We consider that these ermmuarto a combination of major statistical
and biological uncertainties faced in the bigeyalysis: these major problems should be
better identified, they should be fully recognizeahd they should lead to large scale
international research programs coordinated byAR&@C.

12
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Figure 1: Yearly catches of bigeye in the EPO
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Figure 2: Total tuna catches by species in the EPO during the 1960-2005 period, and linear
trend adjusted to the bigeye catches
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Figure 3: Estimated values in 1000 US $ of the yearly bigeye and yellowfin catches, based on the
yearly catches by gear and on the estimated landing values of the 2 species caught by longliners
and purse seiners (NB: this preliminar figure should be checked and validated with detailed and
exact data concerning the real landing values of these yearly catches by each gear, but this
figure is probably realistic when it shows the dominant values of BET catches in the EPO during
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28% of increase after 3 successive assessments)
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Figure 11: Yearly catches by gear used in the 2001 and in the 2007 bigeye stock

assessments.
This figure well shows that the total catches of bigeye during the nineties have been widely

corrected and increased during recent years (yearly catches being now over 100000t for 9
years, and only for 2 years in 2001).

PUE Nb/1000h
a1

Figure 12: Average monthly levels of the bigeye nominal Bigeye CPUEs of Japanese longliners
in the equatorial Pacific, 10N-10°S) and in the Northe rn area (North of 10N)
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Figure 13: 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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1955-2004 period in the entire Pacific Ocean and 150°W IA TTC stock limit.
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Figure 15: Map showing the highest 5>month CPUEs observ ed during the 1952-2004 period in
the Japanese longline fishery and Longhurst 1998 areas.
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Figure 16: 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.
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Figure 17: Map of the Longhurst 1998 areas in the Pacific Ocean
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BET FAD catches 2000-2006

Figure 18: 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 19: Surface current in the EPO (figure modified from Wirtki and taken from Trasvina Castro
2007). It can well be assumed that drift of FADs is predominantly following this westward water

flow.
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Figure 20: Natural mortality of bigeye as a function of age used in recent IATTC stock

assessments
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Figure 21: Sex ratio at size of bigeye tuna used in the yearly IATTC stock assessment (the
lower curves were used during the years 2000 to 2002)
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Figure 22: Pie diagram showing the total yearly catches at size (in weight , by 10 cm intervals of
fork lenght) by gear, of bigeye tuna in the EPO
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Figure 23: Growth pattern (in weight) estimated by the IATTC assessment models during the
2000-2007 period, given in average weight on a quarterly scale
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Figure 24:Apparent growth rate (in cm/month) presently estimated for juvenile bigeye tunas
recovered in the Indian Ocean and growth rates estimated by age readings of otoliths and
following a Von Bertalanffy law. A figure showing (1) a decline in growth rates between 40 and
55 cm, followed by (2) an increasing growth rate in a range between 55 and 70 cm, followed by
(3) a slowly declining growth rate over 70 cm. This pattern is typically observed in a 2 stanza
growth curve. Such growth pattern may well be also observed in the EPO. This growth rates
estimated from tagging is similar to the previously estimated Von Bertalannfy growth curve at
sizes over 70cm, but widely different in the 40-70 cm.
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Figure 25: Patterns of relative fecundity at age used by the IATTC in its recent stock assessments
estimated for bigeye (left curve: years 2000 and 2001 , central curves 2004-2007, curve on the

right: 2002)
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Figure 26: Yearly levels of bigeye stock biomass estimated by the IATTC assessments
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Figure 27: Levels of the bigeye spawning biomass estimated by the IATTC during the 1975-2004
period (period 2005-2007 « Spawning stock » was estimated as a relative index that is difficult to
compare with previous series)
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Figure 28: Average percentage of the spawning biomass vs total biomass of BET during the
average period 1996-2000, at age 1+, as estimated in the recent BET stock assessments.

NB:

@ During the assessment years 2001 & 2002, the spawning stock is necessarily an estimated
biomass of mature BET, males + females

@ During the assessment years 2000, and 2003-2004, -2002, the « spawning stock » is probably
an estimated biomass of mature females

@ During the assessment period 2005-2007 « Spawning stock » was estimated as a relative index
that cannot be compared to previous ones

% Spawning stock




500 000
450 000 /&\
400 000

350 000 K

300 000 -

250 000 -
—— L

Nb caught

200 000 -

150 000 -

100 000 -

50 000

O 1010010101000 T T T T T T T T

20
30
40
50
60
70
80
90
100
110
120
130
140 7
150 ;
160
170
180
190

2000

1800 - /\[\/\A

1600 K

1400 d V

= AW AR

Y
= IS

600 s

wl | 4 5 \

A AN

Catch t.

0 -eepeesSesssssesseseeeed et T T TR
O O ©9 Q9 O O 9 O © © © 9 9 9O 9O O 9 o
N ® § O 6 K ® &6 © 4 8§ ® ¥ OmL O K © O
L I I I B B S B |
FL cm

Figure 29: Total catches by size of bigeye taken in the EPO by longliners and by purse seiners
during recent years (period 1996-2005), expressed in numbers of fishes caught (upper figure)
and in weight (lower figure)
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