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On the growth of bigeye tuna in the Indian Ocean and what is the real age of a 50
cm/2.6kg Bigeye?

By Alain Fonteneau, IRD EU scientist

Summary

All stock assessment done by the IOTC WG in 2013henBigeye

stock were done using the Eveson & al 2012 growtkiec This growth

curve estimates that 50 cm bigeye are fished aagen of 2 years,
suffering a high natural mortality of 0.8 duringcheof these 2 years.
However, the analysis of the bigeye growth ratesvéen 37 and 50
cm, based on 930 mell measured recoveries, strongigates that the
real age of a 50 cm bigeye would be close to onledr (then with

only 1 year class suffering a high natural morgatit 0.8). The paper
tries to estimates the consequences of this misga#ion of the

growth model in the stock assessment work: themoisloubt that a
corrected growth should be used in future modet, based on the
present results, this improved growth should n@ptiealter the main
conclusion of the 2013 assessment models, forrostthe trajectories
in the Kobe plot).

1- Introduction

Recent stock assessment work on the Indian Oceendiocks have been using the
VB log k growth model proposed by Eveson & al 204@d the use of this new growth
curve was not really questioned by the IOTC sc#sitiThe relationship between sizes
and ages estimated by this model is shown by figure
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Figure 1: Relationship between sizes and ages diiinOcean Bigeye estimated by the
Eveson & al model 2012.
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Following this growth curve: a slow growth is obssd/estimated between 35 and 50
cm: subsequently a 50 cm bigeye is fished atgenod 2 years (when bigeye is caught
between 30 and 40 cm at age 0). Total numbersesktemall bigeye less than 50 cm are
always significant because of the PS FAD fishe/388% of the total catches of bigeye (in
numbers) have been caught at sizes <50 cm durenguvérage period 1990-2012.

As a consequence the catch at size of juvenileybigd the typical mode of juvenile
bigeye, between 30 & 74 cm, are classified in 8 @gsses: 0, 1 & 2, as shown by figure
2
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Figure 2: Average bigeye catch at size during ©@012012 period stratified by age classes
in the Eveson’s 2012 growth curve.

The main goal of this paper will be to discussuhkdity of this age-length relationship of
juvenile bigeye.

2) A basic biological problem: the VB log k model used by Eveson et al 2012 cannot
describe the growth during theearly life of bigeye

This fundamental problem has been already discusgdtbnteneau 2008 for the growth
of yellowfin. When the VB log k model used by Ewaset al 2012 for yellowfin &
bigeye is very consistent to model the complex ghoebserved between 50 cm and L
infinity, this model appears to be fairly/totallynealistic to model the vary fast growth
estimated for yellowfin & for bigeye between thewst larval stages and the sizes at
early recruitments in a size range between 30 &nchd Such very fast growth is needed
to allow the survival of bigeye & yellowfin popuiahs: smaller individuals at sizes less
than 2.5 kg have to grow very quickly in order tmia the large numbers of predators in
these highly vulnerable sizes. This very fast gloWwas been well demonstrated in this
size range for yellowfin (by tagging & age readinigst not yet for bigeye.

On the opposite, the flat & slow growth estimatéethase post larval stages by the VB log
K model appears to be highly questionable: thiskimgr paper will discuss this question.

3- Growth of early bigeye recruits as estimated by the Fonteneau & Gascuel 2008
growth rates:



The observed growth rates between tagging & recevgrovide a very simple but quite
strong & direct way to estimate the observed gromatks at size in this size range. This
conclusion is of special interest to analyse theemin rates of juvenile tunas (when this
method tend to provide biased growth rates at larges and after long durations). The
recovery data set of all the small bigeye recogehias been analysed in the following
way:

1) selecting only tunas tagged and recovered as bigeye

2) selecting all bigeye with known date at tagging ahtecovery

3) selecting all recoveries showing at least 1 montibarty

4) eliminating the 1 percentile of higher and of loweowth rates (assumed to be
due to errors)

5) calculating the average growth rate of each tun@vdmn its tagging &
recovery, this growth rate being assigned to theragye size (by 1 cm class)
between tagging and recovery.

6) the uncertainty in the average growth rates eséichat each 1 cm class are
estimated assuming a normal distribution of groratles in each size interval

As a result, a total of 4355 selected recoveriege Hzeen entered in this analysis.
Figure 3 shows the average growth rates estiniatelis method, and they are shown in
comparison with the growth rates estimated by tloeehproposed by Eveson et al 2012,
and also by the VB growth model of Stequert & Cahaf04.
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Figure 3: Growth rates at size estimated for bigbyeEveson et al 2012 and growth rates
of recovered bigeye estimated by the FonteneauGastuel 2008 method, and by the
Stéquert & Conand 2004 Von Bertalanffy growth.

This figure shows a logical & nearly perfect agreeinof the theoretical and observed
growth rates (as estimated by the 2 methodsykat dietween 51 and 75 cm. However they
are showing marked & increasing divergences atedsmg sizes lower than 50 cm:

» modelled growth rates being flat and low betweenaBd 50 cm: average 0.82

cm/month

» observed growth rates being 2 to 3 time fastererage 1.84 cm/month



> the growth rates at size estimated by the Von Bertfy model (Von Bertalanffy
1938) previously used in various IOTC bigeye stasgkessments are much higher
in this size range between 37 and 75 cm (whenadheyery similar at larger sizes
over 75 cm) (Stequert & Conand 2004)

As a consequence there is a long duration (ovezat)ybetween 37 & 50 cm in the
Eveson’s theoretical growth curve but about ontpdnths in the Fonteneau & Gascuel 2008
observed growth rates. Taking into account thedtierobserved growth rates between 37 and
50 cm and considering the very growth presentlyreged for early juvenile of yellowfin
(Dortel et al, submitted 2013), it could easilydssumed that the real age of 50 cm bigeye
would be at close to 1 year, and not to 2 yearns &dlse Eveson & al 2012 model. It should
also be kept in mind that the apparent growth ratesize of small yellowfin and small
bigeye, as estimated by the Fonteneau & Gascudladeare very similar or identical under
60 cm (when at larger sizes growth rates are masker for yellowfin than for bigeye).
Based on this similarity of their early growth sté could easily be assumed that the bigeye
& yellowfin growth between birth and their full nreactment at 37 cm would also be very
similar for the 2 species, i.e. showing a shoratlan of about 7 months as it was estimated
for yellowfin by Dortel et al 2013.

4-Discussion

4-1- What growth curvefor young juvenile bigeye?

Our conclusion is that the early growth pattermested in the Eveson’s growth curve
is unrealistic at sizes lower than 50 cm, when dhewvth curve observed from recoveries
appears to be much more realistic. In this hypah@s50 cm bigeye would not be a 2 years
old tuna, but more probably a 1 year tuna (or ctoshnis age) and this growth curve should
not be used for small bigeye caught at sizes usdem (25% of total recent catches). In this
case, all bigeye tunas that are classified todayass 0 and class 1 in most of the 2013 stock
assessments (figure 2), should in the future bigreesd to the year class 0 (the same change
being done directly or indirectly in all analyticstbck assessment models).

4-2- On thefutureimpact of a revised growth in stock assessment
This accelerated growth rate of early juvenile pegbetween 30 and 50 cm should have some
significant impact on stock assessment and thgsecéed changes are quite easy to estimate
and without using complex model. One of the maymical characteristics of the bigeye
fisheries is the bimodal structure of their sizstritbution of catches, shown by figure 4: in
this context, there is a typical clear potentialgiper recruit interaction between fisheries
catching bigeye at small sizes (mainly betweenr8# cm) and longline fisheries catching
the adults.
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Figure 4: Average catch at size (in weight) of igeye 10 fisheries
(1990-2012)

In the Eveson et al 2012 growth model, tfiemode of young juvenile bigeye catches
contains 3 year classes (figure 2), but only 2 y#asses when following the growth rates
estimated by the Fonteneau & Gascuel method.

It is interesting to estimate the potential effectsthis growth uncertainty/error in the
stock assessment done by the IOTC in 2013. SimplA ¥Yan easily allow estimating the
potential changes in stock size and in fishing alityt due to this change. This result will be
estimated in the following way:

1) VPA are first conducted on the average catch atodgee 1990-2012 period in order
to estimate the average recruitment at age 0 thatecessary to explain a fully
exploited adult stock of bigeye (assuming a congtéw0.8 during 2 years followed
by a constant M=0.4): this number of recruits barestimated by VPAs at about 100
millions individuals. The estimated recruitment disthing mortality at age estimated
by such simplified VPA are similar to the ones prely estimated in the stock
assessment models ( a total biomass of the bigegk sluring this period being
estimated at an average of 800.000 tons). This ®B& allows estimating the number
of pre-adult recruits at the beginning of age 4 ().

2) In a second stage: forward VPAs are ran on the faA® of juvenile, but adding
catches of age 0 & 1 in a new age 0, but now tagett the end of age 3 the same
number of survivors that was estimated in the MB#A. This VPA was done under
the hypothesis of M= 0.8 at age 0 and M=0.4 atBgas a relatively low M of 0.4
should now be assumed at age 1 bigeye (averagétverigr 4 kg)

The main results of these ad hoc VPAs are givefiguye 5a (population sizes) and 5b

(F at age).
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Figure 5a: Population size at ageigure 5b: Fishing mortality at age
(beginning of time intervals)estimated by VPA in the Eveson and in the
estimated by VPA in the Evesomevised growth curve
and in the revised growth curve

These VPA results are mainly indicative, but tlaeg logical ones and they strongly
confirm that:

(1) the levels of initial recruitment of bigeye wd be much lower combining age 0
and 1 time intervals (and having only 1 year cfassg high natural mortality) and

(2) fishing mortality exerted on younger ages ®&s0+1 in the Eveson’s growth vs
class O in the corrected growth) tend to be highbout 15% higher) in the new corrected
growth hypothesis. Such increase of F should piaigntincrease the yield per recruit
interaction between fisheries active on juvended on adults.



(3) Only 9 year classes are analyzed in the cadegrowth, possibly a too short
period for a bigeye stock, and then increasingetegive weight of the large & heterogeneous
of the 8+ year class (when bigeye stocks appele texploited during a much longer period,
probably well above 10 years). This duration of theploited Bigeye life will be better
estimated based on the long term recoveries oethgigeye that are still surviving.

These VPA results are totally logical ones, ant atoall surprising. They would
indicate that a corrected growth curve would prdpdiave limited consequences for the
bigeye stock assessment, even if such correctestlyrcurve should necessarily be used in
future stock assessments.

5-Conclusion

Our conclusion is that the Eveson 2012 growth madel in the bigeye stock assessment
in 2013 is facing a serious bias in its aging oflrhigeye caught at sizes under 50cm. This
bias is structural to the model: simply due toinsbility to handle the very fast growth of
many tunas & billfishes observed between post latzges and the young recruits. Such well
known bias should have been identified before igey® stock assessment, but unfortunately
this was not the case. This problem/error shoulddseected as soon as possible in the future
bigeye stock assessments, even if it appearsastt lesed on the present VPA calculations,
that this corrected growth should not have a maggract on the stock assessment results.
This use of a fully valid growth curve remains resaey because:

» It would allow to identify the real years of tunatb, for instance in order to associate
year class strength with environmental conditiongoocompare year class strength
between species

> It would allow to associate a realistic vector aftural mortality at age to a realistic
growth curve,

> It would allow to compare stock assessment refdta/een species, for instance the
population sizes of young recruits, good & bad gdar recruitments, etc.

In the long term, there is clearly a need to @dat bigeye more realistic SA growth
model that would need to be valid from birth to tledor instance based on a DEB model
(Kooijman et al 2008) of based on a more flexiblewgh model (as in the Dortel et al 2013
yellowfin study). If necessary, stock assessmeatishbe based using ad hoc growth model
(for instance as in the Karlberg 1987 thesis ingtigly of human growth or the Fonteneau
2008 yellowfin ad hoc growth), that would be moealistic for stock assessment, but not
necessarily the fancy growth models published mkrA Journals. When before the IOTTC
tagging programme there was no choice but to ws&'tim Bertalanffy growth curve, a model
that has been now proven to be inadequate, noWOhE€ stock assessment of tropical tunas
done by the IOTC should be fully based on the tesaflthese tagging/recoveries.
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