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ARE LIFE-HISTORY PARAMETERS FOR BLUEFIN TUNA ANOMALOUS?
T. Carruthers1 and A. Hordyk2

SUMMARY
The natural mortality rate, length at maturity, somatic growth rate that are assumed in current
stock assessments and operating models for bluefin tunas are presented with reference to a range
of fish species. In the context of the wider order of perciforms, Atlantic bluefin tuna parameters
are consistent with many other species. When compared with the data for scombrids, bluefin tuna
have similar ratios of natural mortality rate to somatic growth rate. Maturity schedules for
Atlantic bluefin were not inconsistent with those that may be predicted according to basic lifehistory analysis. Compared to Atlantic bluefin life-history parameters, those for Pacific bluefin
were more comparable to other taxonomically related species. Southern bluefin tuna length at
50% maturity relative to asymptotic length, was amongst the highest recorded for any fish in the
various datasets. There was no conclusive evidence to suggest that the current set of parameters
for Atlantic bluefin tuna are anomalous.
RÉSUMÉ
Le taux de mortalité naturelle, la taille à maturité, le taux de croissance somatique, postulés dans
les évaluations de stocks actuelles et les modèles opérationnels pour le thon rouge, sont présentés
avec une référence à une gamme d'espèces de poissons. Dans le contexte de l'ordre plus large
des perciformes, les paramètres du thon rouge de l'Atlantique correspondent à ceux de
nombreuses autres espèces. En comparaison avec les données concernant les scombridés, les
ratios du taux de mortalité naturelle et du taux de croissance somatique du thon rouge sont
similaires. Les calendriers de maturité du thon rouge de l’Atlantique étaient cohérents avec ceux
que l’on pouvait prédire au moyen de l’analyse de base du cycle vital. Par rapport aux
paramètres de cycle vital du thon rouge de l'Atlantique, ceux du thon rouge du Pacifique
ressemblaient davantage à ceux d'autres espèces apparentées sur le plan taxonomique. La taille
du thon rouge du Sud à 50% de maturité par rapport à la taille asymptotique était parmi les
tailles les plus élevées enregistrées pour tous les poissons dans les différents jeux de données.
Aucune preuve concluante ne permet de penser que le jeu actuel de paramètres pour le thon
rouge de l'Atlantique est anormal.
RESUMEN
La tasa de mortalidad natural, la talla de madurez y la tasa de crecimiento somático que se
asumen en las evaluaciones actuales del stock y los modelos operativos para el atún rojo se
presentan con referencia a un rango de especies de peces. En el contexto de un orden más amplio
de perciformes, los parámetros del atún rojo del Atlántico son coherentes con muchas otras
especies. Al compararlos con los datos para los escómbridos, el atún rojo tiene ratios similares
entre la tasa de mortalidad natural y la tasa de crecimiento somático. Los calendarios de
madurez para el atún rojo del Atlántico eran coherentes con los que podrían predecirse con
análisis básicos del ciclo vital. En comparación con los parámetros del ciclo vital del atún rojo
del Atlántico, los del atún rojo del Pacífico eran más comparables con otras especies
taxonómicamente relacionadas. La talla al 50 % de madurez del atún rojo del sur en relación
con la talla asintótica se encuentra entre las más elevadas registradas para cualquier pez en los
diversos conjuntos de datos. No hay ninguna evidencia concluyente para sugerir que el actual
conjunto de parámetros del atún rojo del Atlántico es anómalo.
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Introduction
Stock assessments rely on a range of input parameters for life-history characteristics some of which are uncertain
and poorly informed by assessment data and are also consequential for the estimates and predictions of stock
assessments. In this paper we focus on three quantities that are fixed as inputs to Atlantic bluefin stock assessments:
the natural mortality rate of mature fish, the length at maturity relative to asymptotic length and the somatic growth
rate (von Bertalanffy κ). These quantities are compared with those from a dataset including a much wider range
of fish species (the data of Then et al. 2015) in addition to values used in stock assessments of North Pacific bluefin
tuna (ISC 2016) and Southern bluefin tuna (CCSBT 2017).

1.

Methods

Bluefin case studies
The current range of scenarios for Atlantic bluefin growth, maturity and natural mortality rate are presented in
Table 1. Also included are values from the most recent Pacific bluefin tuna and Southern bluefin tuna stock
assessments. In all these cases the natural mortality rate is specified by age. The average natural mortality rate of
̅ , was calculated as the mean of the natural mortality rate at age 𝑀𝑎 multiplied by maturity at age
mature fish 𝑀
̅ = ∑ 𝑀𝑎 𝑚𝑎 𝑠𝑎 ⁄∑ 𝑚𝑎 𝑠𝑎 . These data are presented
𝑚𝑎 , weighted by survival at age under unfished conditions 𝑠𝑎 : 𝑀
in Table 1. The natural mortality rate assumption for Southern bluefin tuna was the intermediate of three values.
For Western bluefin tuna, where a Richards growth model is used, the closest fitting von Bertalanffy curve was
used to calculate a comparable growth parameter value κ (Figure 1). In all cases the length at maturity relative to
asymptotic length Lm, was the length at 50% maturity relative to von Bertalanffy L∞.
Reference datasets
von Bertalanffy growth rate and natural mortality rate were extracted from the Then et al. (2015) dataset. These
species were cross-referenced with those of FishBase to extract age at maturity. Where age at maturity was
available, the length at maturity relative to von Bertalanffy L∞ was calculated from the growth parameters of Then
et al. (2015). These data are presented in Table 2.
FishBase was also interrogated for the life-history information of fish of the same family as bluefin tuna ̅ k and Lm were calculated as the mean of all recorded values
scombridae. For each species of scombridae, 𝑀
(Table 3).
Calculating dissimilarity
̅ ) of case studies from the cloud of points
The multivariate distance (3-D: growth rate, length at relative maturity, 𝑀
presented by Then et al. (2015) was calculated by Mahalanobis’ equation. To ensure that the data were
approximately multivariate normal, all parameters were presented and distances were calculated in log space.
Evaluating life-history strategies
Life-history theory suggests that fitness is maximized when fish mature at or before the age that cohort biomass is
maximized. The relative size or age where cohort biomass is maximized is determined by the ratio M/κ, and
empirical evidence demonstrates that the M/κ is typically correlated with relative length at maturity (Beverton
1992; Prince et al. 2015). The M/κ and relative length at maturity of the eight parameter sets for Atlantic bluefin
(Table 1) were compared to those found in the Then et al. (2015) dataset (Figure 4). Relative biomass at age was
plotted for a single cohort using the eights sets of assumed parameters (Table 1), and the age where the cohort
reaches maturity (defined here from age where probability of maturity ≥ 0.5 to the first age where the entire cohort
is mature), was superimposed on the plot (Figure 5). Simulated populations that reach maturity well after the age
of maximum cohort biomass may indicate parameter combinations that are sub-optimal in terms of maximizing
population fitness and unlikely to be observed in nature.
2.

Results

In the context of the wider order of perciforms, Atlantic bluefin tuna parameters were consistent with many other
species (Figure 2). None of the combinations of Atlantic bluefin tuna parameters were more distant than the 95th
percentile of data (Figure 2 d;e).
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When compared with the Fish Base data for scombrids, bluefin tuna have substantially lower values for natural
mortality rate and somatic growth rate (Figure 3a), and for this reason fell outside the cloud of points for scombrids
(Figure 3d). Importantly however, the various parameter combinations for Atlantic bluefin tuna had a similar ratio
of these parameters to other scombrids (Figure 4).
The maturity schedule for Atlantic bluefin was not inconsistent with that predicted according to basic life-history
analysis (maturity ranges were near the maximum cohort biomass, Figure 5).
Compared to Atlantic bluefin life-history parameters, those for Pacific bluefin were more comparable to other
taxonomically related species (Figures 2 and 3). Southern bluefin tuna length at 50% maturity relative to
asymptotic length was amongst the highest recorded in the various datasets (Figures 2b and 3b).

3.

Discussion

This cursory investigation of life-history parameters confirms how difficult it is to draw conclusions by metaanalysis of taxonomically related species. The only way in which Atlantic bluefin tuna parameters could be
considered anomalous is in their absolute values of somatic growth and natural mortality rate in comparison to the
values for scombrids recorded in FishBase. However absolute differences are to be expected since bluefin tuna
have a unique physiology and ecology that is certainly not comparable to other fast growing tropical fishes such
as yellowfin tuna and skipjack tuna. Importantly however, the ratio of natural mortality rate to somatic growth was
comparable. The additional life-history analysis also could find no conclusive evidence to suggest that the current
range of parameter values for bluefin tuna might be considered anomalous. Interestingly this may not necessarily
be the case for Southern bluefin tuna for which 50% maturity was assumed to occur at around 90% of their
asymptotic length, an extremely high value for any fish species. It should be noted however that in the case of
Southern Bluefin tuna, the maturity ogives are derived by close-kin genetics analysis and are subsequently
uncharacteristically ‘flat’ maintaining fraction of mature individuals to much lower lengths than would be expected
from the length at 50% maturity used in this analysis. This also highlights a problem with comparing maturity
data: it is difficult to ensure apples with apples comparisons. For example, FishBase often records the fraction
mature as the proportion of fish that have reached sexual maturity. The maturity ogive for Southern Bluefin tuna
is not comparable and instead models maturity as the proportion of maximum reproductive capacity at length. The
latter is consistent with how maturity curves are interpreted in assessments, and accounts for phenomenon such as
more frequent spawning events per year and higher juvenile survival from larvae produced by larger mature
individuals.
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Table 1. Parameter values assumed by recent assessments and Bluefin tuna operating models. K is the von
Bertalanffy growth parameter κ, M is the average natural mortality rate of mature fish under unfished conditions,
Lm is the length at 50% maturity relative to asymptotic length. For the western stock that is modelled with a
Richards growth curve, the closest fitting von Bertalanffy K value was assumed (Figure 1). The rows are named
by bluefin model assumptions. EA refers to the East Atlantic stock. WA refers to the West Atlantic stock. The first
extension refers to low/high natural mortality rate, the second extension low/high age at maturity. Hence WA_L_H
refers to the low natural mortality rate, high age at maturity scenario for Western Atlantic bluefin tuna. P is the
North Pacific bluefin stock (ISC 2016) and SBT is the southern bluefin tuna stock (SBT). The SBT natural
mortality rate used here is the intermediate value for age 10+ individuals (maturity is assumed to be 100% after
age 8, SBT 2017). For Western bluefin tuna, where a Richards growth model is used, the closest fitting von
Bertlanffy curve was used to calculate a comparable growth parameter value κ (Figure 1).
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Table 2. Life history parameters for the species of Then et al. 2015 for which there was also covariate maturity
data available in FishBase.
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Table 2 continued.
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Table 2 continued.
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Table 3. Life history parameters of FishBase recorded for other scombridae. Values are the averages of all reported
values for each species.
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Figure 1. The Richards growth curve used in Western Atlantic assessments and the closest fitting von Bertalanffy
growth curve.

Figure 2. The similarity among assumed bluefin tuna life-history parameters (M=natural mortality rate, K = von
Bertalanffy κ, Lm = length at maturity relative to asymptotic length) and those published by Then et al. 2015 (the
‘Perciforms subset’ are fish of that order in the Then et al. 2015 dataset). The bottom right panels (d and e) show
the Mahalanobis distance (multivariate distance) of these values from the centre of the multivariate cloud of points.
The vertical grey lines in panels d and e represent the 95th percentile of distances.
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Figure 3. As Figure 2 but comparison between case study bluefin parameters and scombrid species of FishBase
for which all parameters are available.
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Figure 4. The ratio of M/K and relative size of maturity (Lm/Linf) for the 8 parameter sets for Atlantic bluefin
(blue dots) and the 124 records from the Then et al. (2015) dataset.

Figure 5. Cohort biomass at age for the 8 parameter sets for Atlantic Bluefin with different assumptions on natural
mortality rate and maturity. The blue solid line indicates the age class where the cohort reaches maturity.
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