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IntrodutionM&MResultsConlusionsOtoliths as omplementary tools to tagging dataChronologial propertiesAge-strutured information is key in �sheries sieneDevelopment of otolith mirostruture examination in the early1970s (Pannella 1971)About 1 million otoliths aged annually worldwide in the early2000s (Campana & Thorrold 2001)Ageing tropial �shes is very di�ult due to ontinuousspawning and the absene of growth ylesOtolith mirostrutural features useful for ageing tropial �shes(Pannella 1974) and larvae and juveniles (Brothers et al. 1976)Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusionsAgeing tropial tunas from otolith readingRegion Speies Size-range SoureE. Pai� Yellow�n 40-110 m Wild & Foreman 1980E. Pai� Skipjak 42-64 m Wild & Foreman 1980E. Pai� Yellow�n 30-170 m Wild 1986E. Pai� Bigeye 30-149 m Shaefer & Fuller 2006W. Pai� Skipjak 3-80 m Uhiyama & Struhsaker 1981W. Pai� Yellow�n 7-93 m Uhiyama & Struhsaker 1981W. Pai� Yellow�n 15.2-79 m Yamanaka 1990W. Pai� Skipjak 1.3-4 m Tanabe et al. 2003W. Pai� Yellow�n 20-145 m Lehodey & Leroy 1999W. Pai� Bigeye 25-157 m Lehodey et al. 1999Atlanti Bigeye 37-124 m Hallier et al. 2005Atlanti Yellow�n 5.2-179 m Shuford et al. 2007Indian Yellow�n 28-154 m Stéquert et al. 1996Indian Bigeye 30-160 m Stéquert & Conand 2004Table: Otolith reading used worldwide for ageing tropial tunasChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusionsDaily rate of inrement deposition validated in the otolith
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Figure: The number of inrements re�ets �sh age. Consistenybetween the number of otolith inrements and time-at-libertyChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusionsOtolith growth proportional to �sh growth
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Figure: Otolith growth re�ets somati growth. Relationship betweenotolith length and �sh fork length for yellow�n (Cf. Sardenne et al)Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusionsInrement widths have revealed useful to:
Provide information on the day-to-day growth of �shes(Brothers 1981)Detet life-history transitions (Campana 1984)Trak hanges in environmental fators suh as temperatureand food onditions (Ekmann & Rey 1987)Study size-based seletive mortality (Baumann et al. 2003)Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions
ObjetivesGaining insights into growth of early life history stages oftunas: Never observed in �sheries dataTesting the hypothesis of 2-stanza growth during exploitedphase: No potential size-based seletivity e�et of gearTesting the hypothesis of sexual dimorphism through theomparison of sex-spei� individual growth trajetories

Chassot et al. Otolith growth trajetories
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IntrodutionM&MResultsConlusions Data olletionOtolith measurements43 yellow�n olleted through the RTTP
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Figure: 22 males and 20 females yellow�n (+1 unknown) tagged at sizes46-89 m and reovered at sizes 121-153 m during 2009-2012Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Data olletionOtolith measurementsTable of Contents1 Introdution2 Materials & MethodsData olletionOtolith measurements3 ResultsGrowth of yellow�n tuna larvaeTesting the hypothesis of stanzas in yellow�n growthInvestigating sexual dimorphism in growth4 Conlusions Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Data olletionOtolith measurements

Figure: Otoliths of yellow�n tunas at 30, 50, 90, and 150 m fork lengthChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Data olletionOtolith measurements480 otolith length measurements with binoulars

Figure: Otolith slide for a yellow�n male of 152 m. Ltot = L1+L2Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Data olletionOtolith measurementsMore than 60,000 measures of ring width

Figure: 2-5 analyses of eah otolith through image analysis of otolithslides (TNPC software - 'Traitement Numérique des Pièes Cali�ées')Chassot et al. Otolith growth trajetories
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IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismHigh-frequeny daily variability and patterns in growth
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Figure: Otolith growth trajetory bak-alulated for a yellow�n(KK04666). 1 inrement = 1 dayChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismVariability between readings: averageing growth trajetories
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Figure: Measurement errors: 3 growth trajetories for YFT CC47569Chassot et al. Otolith growth trajetories
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IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismAn exponential growth for otolith larvae
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Figure: Daily otolith growth during the 40 �rst days of yellow�n lifeChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismOtolith size and �sh size orrelated during larvae phase

Figure: Relationship between otolith diameter and �sh length fromyellow�n larvae aught in the eastern Pai� (Wexler et al. 2007)Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismSimple �onversion� of otolith diameter into �sh length
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Figure: Estimated growth of yellow�n tuna larvaeChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphism

Figure: Early life history of yellow�n. Pitures: Courtesy of Daniel Benettiand IATTC (Dan Margulies, Ahotines Laboratory, Panama)Chassot et al. Otolith growth trajetories
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IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismApparition of a seond stanza at 70-85 m (2-2.5 years)

Figure: Integrated models indiate a 2-stanza growth with sexualdimorphism (Dortel et al. 2012, Eveson et al. 2012)Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismStrong derease in growth rates until 6-8 months
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0.11 0.44 0.77 1.1 1.42 1.75 2.08 2.41 2.74 3.07Figure: Juveniles of yellow�n. Daily growth rates for yellow�n from 40days to 3 years Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismNo apparent stanza in the growth of otolith
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0.11 0.44 0.77 1.1 1.42 1.75 2.08 2.41 2.74 3.07Figure: Juveniles of yellow�n. Otolith growth almost linearChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismBUT, detetion of a shift in the length-length relationship
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Figure: Otolith length - �sh length relationship estimated fromhange point analysis at ∼ 2000 µm, i.e. about 2.4 yChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismThe shift would predit a hange in growth at 73-91 m
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0 1 2 3 4Figure: Fish growth urve derived from otolith growth and linearlength-length relationshipsChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismThe shift mathes well the transition between stanzas
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Figure: Fish growth urve derived from otolith growth and linearlength-length relationships and integrated growth urvesChassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismThe shift mathes well the transition between stanzas
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Figure: Fish growth urve derived from otolith growth and lowesslength-length relationship and integrated growth urvesChassot et al. Otolith growth trajetories
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IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismNo apparent sex-spei� di�erene in otolith growth
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Figure: Otolith length as a funtion of the number of inrements between1.5 and 4 years Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions Early life historyJuvenilesSexual dimorphismSome patterns that need further exploration
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Figure: Otolith growth rates as a funtion of the number of inrementsbetween 1.5 and 4 years Chassot et al. Otolith growth trajetories
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IntrodutionM&MResultsConlusionsOtolith mirostrutural features of yellow�nKey pointsInformation on larval growth that seems fully onsistent withexperiments onduted at IATTC lab at AhotinesThe 2 stanzas observed from tagging data are not visible inindividual otolith growth trajetoriesThe stanzas however �appear� in the somati growth if oneaounts for hanges in otolith length-�sh length relationshipNo lear e�et of sex in individual growth but needs furtherinvestigation Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusions
Multistanza growth1 Exponential growth for larvae (1�30 d)2 Transition phase with slower growth rates (1�7 mo)3 Quasi linear growth for juveniles (0.6�2.4 y)4 Transition phase linked to hanges in metabolism (2.4�2.8 y)5 Final growth similar to a lassial von Bertalan�y model (>2.8 y)

Chassot et al. Otolith growth trajetories



IntrodutionM&MResultsConlusionsPerspetivesInlusion of otolith data (ounts, inrements, length) in theMDST information system (Cf. J Barde)Non on�dential biologial data that should available (online)to promote inter-omparisons between stoks and oeansOngoing work on the dynamis of lipids to to investigate themehanisms of energy alloation between growth,reprodution, and maintenane (Cf. N. Bodin)Appliation of a bioenergeti model desribing thebiomineralization mehanisms involved in otolith onstrution(Fablet et al. 2011, Pequerie et al. 2012)Chassot et al. Otolith growth trajetories
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