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Two-stanza growth for tropial tunas: Myth or reality?ContextVBGMThe Von Bertalan�y's growth model (1938)Bioenergetis groundsdW (t)dt
︸ ︷︷ ︸Changes in individual weight = η × (W (t))d

︸ ︷︷ ︸Energy assimilation−κ× (W (t))n
︸ ︷︷ ︸Energy lossesWhere η and κ are onstants of anabolism and atabolism, respetively.Hypotheses1. Energy density is onstant2. Energy assimilation is proportional to surfae areas (d = 2/3)3. Energy loss is proportional to body weight (n = 1)
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Two-stanza growth for tropial tunas: Myth or reality?ContextVBGMAssumption of isometri growth: W (t) = a× L(t)3

Figure: L(t) = L∞ × (1− exp(−K × (t − t0)). Growth for femalesLebistes retiutatus (von Bertalan�y & Müeller 1949)



Two-stanza growth for tropial tunas: Myth or reality?ContextVBGMvon Bertalan�y growth initially used for tropial tunas

(a) Yellow�n in the Atlanti(Le Guen & Sakagawa 1972) (b) Bigeye in the eastern Pai�(Shaefer & Fuller 2006)
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Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaTropial tunas question the use of VBGMsRegion Size Rate Data SoureE. Atlanti 40-70 m 1.56 m mo−1 Cath & Tag Fonteneau 1980E. Atlanti 40-70 m 1.48 m mo −1 Tag Bard 1984E. Atlanti 40-70 m 1.62 m mo −1 Cath Gasuel et al. 1992W. Atlanti 40-70 m 1.62 m mo −1 Cath Gaertner & Pagavino 1992W. Pai� 30-50 m 1.3 m mo−1 Cath Brouard et al. 1984Table: Mean monthly growth rates estimated for di�erent yellow�npopulations derived from length-frequeny and tagging dataObservations from the 3 oeansGrowth rates estimated for small yellow�n tuna stoks appearsigni�antly lower than expeted from a von Bertalan�y model
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Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanza2-stanza growth urrently used for management advie
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Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaIOTTP data support a 2-stanza growth for yellow�n
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Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaIOTTP data support a 2-stanza growth for bigeye
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Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaIOTTP data support a 2-stanza growth for skipjak

Figure: Integrated growth urve for skipjak (Eveson et al. 2012)



Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaMethodologial issues or bio-eologial reasons?Potential soures of error1. Modal progression analysis based on length-frequeny data ofthe ath: Perhaps?2. Age reading of otoliths due to interpretation (Cf. Sardenne etal.): Perhaps?3. Fish seletion at-tagging through pole and line gear: NO (Cf.Hallier et al.)4. Fish seletion at-reovery due to spei� �shing grounds fromreovery gears5. Fish seletion at-reovery due to size-based seletivity fromreovery gears
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Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaYellow�n reaptures spread over the western Indian Oean
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Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaFish seletion at-reovery due to size-based seletivity fromreovery gears

Figure: Simulations suggest that a 2-stanza growth might result fromsize-based seletivity of the purse seine �shery (Kolody 2011)



Two-stanza growth for tropial tunas: Myth or reality?ContextMultistanzaRationaleSimulation approahes have been onduted during IOTC workinggroups (Hampton 2008, Anganuzzi 2008, Kolody 2011) but theyyielded ontraditory resultsObjetivesDevelop a simulation framework modelling tuna growth estimationfrom mark-reapture experiments:1. To investigate the e�ets of individual variability andsize-dependent natural mortality,2. To test the hypothesis that size-based seletivity of some�shing gears might modify our pereption of the funtionalform of tuna growth3. To explore the in�uene of denying sexual dimorphism ongrowth model outputs
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Two-stanza growth for tropial tunas: Myth or reality?Materials & MethodsSimulation frameworkSimulating a mark-reapture experimentPriniples1. Fish tagged and released with age assumed known at-tagging2. They grow over time following a von Bertalan�y growth modelwith individual variability3. Natural mortality derived from stok assessment4. At eah time step: (i) they die naturally, or (ii) they are aughtby the �shery with size-based seletivity, or (iii) they survive5. VB and VB-logK models are �tted to the age-length data6. Models are ompared using loglikelihood ratios



Two-stanza growth for tropial tunas: Myth or reality?Materials & MethodsData-driven senariosTable of ContentsContextThe von Bertalan�y's growth modelA more omplex growth for tropial tunas?Materials & MethodsSimulation frameworkData-driven senariosResultsNo sexual dimorphism in growthSexual dimorphism in growthConlusions



Two-stanza growth for tropial tunas: Myth or reality?Materials & MethodsData-driven senariosCase study of the Indian Oean yellow�nTagging
◮ 50,911 �shes tagged: 46,845 from the RTTP and 4,066 fromsmall-sale tagging operations
◮ Size-frequeny histograms-at-tagging similar to the IOTTPBiology
◮ VB growth with µK=0.4 y−1 and µL∞=160 m
◮ Individual variability through normal distribution on L∞ and Kwith standard deviation of 10 m and 0.1 y−1, respetively
◮ Size-based natural mortality
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Two-stanza growth for tropial tunas: Myth or reality?Materials & MethodsData-driven senariosReaptures
◮ Assumption of separability of gear-spei� �shing mortality
◮ Fishing mortality onstant over the period analysed: F=0.2
◮ Size-based seletivity onstant over the period analysed
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Figure: Size-based seletivity for pole and liners
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◮ Assumption of separability of gear-spei� �shing mortality
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Figure: Size-based seletivity for purse seiners
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◮ Assumption of separability of gear-spei� �shing mortality
◮ Fishing mortality onstant over the period analysed: F=0.2
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Two-stanza growth for tropial tunas: Myth or reality?Materials & MethodsData-driven senarios
Senario runs

◮ Gear-spei� size-based seletivity
◮ With and without sexual dimorphism in growth with sex-ratioat-tagging of 0.5:

• Males: µL∞=160 m and µK=0.4
• Females: µL∞=140 m and µK=0.6

◮ Sensitivity to levels of individual variability
◮ Sensitivity to natural mortality: U-shaped (Hampton 2000)
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Two-stanza growth for tropial tunas: Myth or reality?ResultsNo sexual dimorphism in growth
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Two-stanza growth for tropial tunas: Myth or reality?ConlusionsKey points
◮ Size-based seletivity might result in biases in growthestimation from mark-reapture experiments
◮ Purse-seine seletivity does not result in biases in �unisex�growth due to the large size-range of �shes harvested
◮ Reaptures limited to longline or pole and line �shing wouldresult in strong biases in growth
◮ The absene of small sized tunas in longline �sheries mightresult in apparent 2-stanza growth
◮ Simulating sexual dimorphism in growth (i) results in similarpatterns in estimation bias and (ii) does not indiate theemergene of 2-stanza growth from gear seletivity
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Two-stanza growth for tropial tunas: Myth or reality?ConlusionsWhat eo-physiologial fators might explain the 2 stanzas?Changes in metabolism
◮ For yellow�n, shift in growth at about 73 m (± 7 m) seemsto math with period of aquistion of sexual maturity (Zudaire etal. 2010)
◮ Redution in energy osts linked to hange in aggregativebehaviour and assoiated derease in inter-spei� ompetition
◮ Development of swim bladder, subutaneous heat exhangers,deep red musle, ram jet ventilation and anal and petoral �nsand assoiated redution in energy osts as well as hanges inutilisation of the vertial habitat
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Two-stanza growth for tropial tunas: Myth or reality?ConlusionsGoing bak to von Bertalan�y's studies

Figure: Growth of the albino rat with shift in mehanisms of energyalloation at maturity: 2 growth yles must be distinguished (vonBertalan�y 1941)There is small wonder that these breaks and shifts are found, as theoming into play of the sex hormones entails a deep-reahinghange in the entire metaboli patter



Two-stanza growth for tropial tunas: Myth or reality?Conlusions
What we all growth of even a simple organism is atremendously omplex phenomenon from the biohemial,physiologial, ytologial, and morphologial viewpointsLudwig von Bertalan�y, 1957



Two-stanza growth for tropial tunas: Myth or reality?ConlusionsThe VB model is nested in the VB-logK modelAssumption of lognormal distribution of observed sizeslog ℓ∗i ∼ N
(log LVB(ti |θVB)− σ22/2, σ21) ,log ℓ∗i ∼ N
(log LVB logK (ti |θVB logK )− σ22/2, σ22) .On obtient don deux vraisemblanes lognormales LVB(D|θVB) etLVB logK (D|θVB logK ) où D indique les données

R = 2 log LVB logK (θ̂VB logK )LVB(θ̂VB) ∼
12δ0 + 12χ21
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