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ABSTRACT. Accurate von Bertalanffy growth parameters (VBGP) are critical for fisheries assessment, but
they are often biased by the absence of juvenile data, leading to errors in their estimation and derived variables
such as natural mortality (M). This study re-estimates the VBGP and M in Brama australis, a commercially
important fish resource in Chile. To correct this, a larval hatch size (Lo) was incorporated as a fixed "biological
anchor point" (BAP) to constrain the von Bertalanffy growth function and mitigate extrapolation errors in
theoretical age at zero length (to). We re-estimated growth parameters from three previous studies using a
phylogenetic proxy for Lo (Brama japonica, 0.48 cm). The method consistently produced revised parameters
across all studies, converging to a pooled average of L., = 56.17 cm, k= 0.32 yr, and t, = -0.03 years, indicating
faster growth and a biologically plausible t; compared to original estimates. This correction directly resulted in
a higher and more precise estimate of M, which increased to a narrowed range of 0.48-0.50 yr* from an original
0.39-0.47 yrt. The revised parameters showed a markedly improved fit to Beverton and Holt's life-history
invariants, reducing the total absolute mean difference from theoretical values from 64 to 3.4%. Our results
demonstrate that the methodology used generated more realistic growth models and robust M estimates,
providing essential corrections for stock assessment models and management of this fishery.

Keywords: Brama australis; von Bertalanffy growth parameters; natural mortality; life-history invariants; stock
assessment; fishery management

INTRODUCTION

Growth parameters describe how fast fish grow and
reach maturity, directly influencing stock productivity
estimates and sustainable harvest levels (Pauly 1980,
Campana 2001). Accurate growth data are essential for
reliable stock assessments, as they underpin key
outputs such as spawning stock biomass and recruit-
ment predictions (Quinn & Deriso 1999). Traditionally,
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these parameters, particularly the von Bertalanffy
growth coefficient (k) and asymptotic length (L), are
also used to estimate natural mortality (M), another
critical input for stock assessment models (Gislason et
al. 2010, Then et al. 2015). However, biases in growth
curves (e.g. due to missing juvenile size classes) can
propagate errors into M, current stock status and future
prediction trends under different management scenarios,
risking overexploitation (Chen et al. 2000, Girdler et al.
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2010). One of the most persistent challenges in fitting
von Bertalanffy growth parameters (VBGP) for fish
species lies in accurately estimating the to parameter,
which represents the theoretical age at zero length. This
issue arises primarily from the lack of small-sized
individuals in sampling, leading to extrapolation errors
that distort the growth trajectory (Taylor et al. 2005,
Then et al. 2015). For short-lived or fast-growing
species, such biases can significantly affect the
estimation of other critical parameters (k and L),
ultimately compromising M calculations (Chen et al.
2000, Perreault & Cadigan 2021). To address this,
Lopez-Veiga (1979) proposed incorporating larval
hatch size (Lo) as a biological anchor point (BAP),
enabling more accurate estimation of to, k, and L. by
aligning the growth curve with empirical early-life
stage data. In formal literature, examples using this
approach remain limited; nevertheless, Canales & Leal
(2009) demonstrated its utility in improving growth
parameters and, consequently, enhancing M estimates
in Engraulis ringens, a small pelagic fish. Brama
australis is an epi and mesopelagic fish, known as
"reineta” in Chile or southern ray's bream interna-
tionally, and has attracted the attention of fish
biologists, stakeholders, and fisheries managers in
Chile. It has become the main artisanal fishing resource
off central Chile. Annual average landings have
remained at 35,000 t since 2014, although in 2024 and
2025 they declined to approximately 27,000 t.
(SERNAPESCA 2025).

Current unvalidated age estimates suggest that B.
australis exhibits rapid growth and early maturation,
with no significant differences in growth rates between
sexes, and depending on the study, maximum ages in
commercial catches between 8 and 12 years (Oyarzun
et al. 2013, Arancibia et al. 2017, Moyano 2017). All
these growth estimates are derived exclusively from
studies conducted in Chilean waters and show marked
variability across different studies. The primary opera-
tional challenge for researchers is that all historical
samples are derived from commercial fisheries.
Therefore, they lack small juvenile individuals under
20 cm due to gear selectivity or spatial segregation
(Leal et al. in press). This data gap not only affects to
estimation but propagates uncertainty to other critical
growth parameters k and L. of species, as these values
are interdependent in the von Bertalanffy model
(Pilling et al. 2002). Thus, parameter uncertainty has
challenged Chilean fisheries scientists in establishing
reliable growth curves for B. australis stock
assessment. Age estimates from the original studies
(Oyarzln et al. 2013, Arancibia et al. 2017, Moyano

2017) were based on otolith readings and have not been
formally validated through independent methods such
as bomb radiocarbon or marginal increment analysis.
The original authors acknowledged challenges in age
determination for younger fish, which underscores the
need for correction. Such compounded biases on VBGP
values may lead to systematic errors in derived
variables like M and stock productivity indices,
ultimately undermining the reliability of management
advice. The knowledge gap addressed by this study is
twofold: first, previous growth models for B. australis
have been developed without including of small-sized
individuals (<20 cm), resulting in biased estimates of to
and potentially misleading values of M; second, the
magnitude of this bias and its implications for life-
history theory have not been systematically quantified.
This study aims to re-estimate the VBGP (to, L, k) for
B. australis along the Chilean coast by incorporating
larval hatch size (Lo) following the Lépez-Veiga (1979)
methodology. The goal is to mitigate biases caused by
the underrepresentation of smaller individuals in
sampling data and improve the estimation of M derived
for stock assessment.

MATERIALS AND METHODS

von Bertalanffy growth parameters

To improve VBGP in B. australis, we compiled growth
parameter estimates from different studies conducted in
Chilean waters (Oyarzun et al. 2013, Arancibia et al.
2017, Moyano 2017). All original studies reported fork
length (FL) in centimeters, and no conversions between
length measurements were required. To address
observed biases in to estimation, we applied the
methodology of Lopez-Veiga (1979), which incorpo-
rates Lo as a crucial BAP to improve growth curve
fitting. Since empirical Lo data for B. australis are
currently unavailable, we utilized the reported hatch
length of Brama japonica, Lo = 0.48 cm (Moser 1996),
as a phylogenetic proxy. B. japonica was selected as the
proxy because it belongs to the same family (Bramidae)
and shares a similar epi-mesopelagic ecology in the
Pacific Ocean, with comparable adult size ranges and
reproductive strategies (Mead 1972, Moser 1996, Leal
et al. in press). While hatch size variability among
Bramidae species has not been extensively docu-
mented, the close phylogenetic relationship and
ecological similarity support its use as a reasonable first
approximation. The standard von Bertalanffy growth
function is expressed as:

Ly = Lo, (1 — e7k(t=t))
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where L; is the length at age t, L. is the asymptotic
length, k is the growth coefficient, and tp is the
theoretical age at which the length is zero. To refine this
model, three biologically meaningful points must be
selected: Lo, the mean length at age from each study;
L1, the mean length at age t;; and Lz, the mean length at
age to. All re-estimation procedures were implemented
in the R statistical computing environment (R Core
Team 2023). The complete code is provided as
supplementary material to ensure full reproducibility of
the analysis. The re-estimation process followed these
steps:

1) Calculation of anchor age points (L1 and Ly): for each
original (orig) parameter set, we calculated the
expected lengths at selected ages t1 and t; using the
original von Bertalanffy equation:

X (e —korigx (tl—to,orig))

X (e _korigx(tz—to,arig))

Ly = Loo_orig
L, = Loo_orig

2) Definition of the objective function: the asymptotic
length L., re-estimated (Lu reesr) is Solved numerically
using Lépez-Veiga (1979) equation reformulated as an
objective function to be minimized:

Gk
(Lm_reest - L0> _ (Lm_reest - LO) n
Lm_reest - Ll Lm_reest - L2
where, n = to- t1.

3) Numerical minimization: the one-dimensional
minimization was performed using the "optimize ()"
function in R. The search interval for Lo reess Was
defined as: interval = [max (L3, L2, Lo) % 1.01, 60 cm].

This lower bound ensures that Lx .. IS greater than
all observed lengths. In contrast, the upper bound of 60
cm was selected based on the maximum lengths
reported in the original studies (56-60 cm), expanded
by a reasonable margin to ensure the global optimum
was captured.

4) Calculation of re-estimated parameters: once the
optimal L. er Was identified, the remaining
parameters (k and to) were computed as:
—_ l Loo_‘reest_ Lo
k= {ln (Frreest—to)

Loo_‘reest_ L1

1 Lo
tO = Ell’l 1- L
oo_reest

5) Selection of age pairs: the previous process should
be repeated for each parameter set, with multiple age
pairs (t1 and t2) to evaluate parameter robustness. The
selection followed these criteria: t; varied from 1 to 6
years (representing early to intermediate ages), and t;
varied from 7 to 12 years. A minimum separation of 4

f(LOO_reest) =

years between the two selected ages was considered to
capture sufficient growth information. Only age pairs
that yielded numerical convergence of the objective
function (i.e. where the objective function reached a
minimum within the search interval) were retained for
further evaluation. From the convergent solutions, the
optimal age pair was selected based on the lowest
global mean squared error (MSE).

6) Global MSE calculation: To compare the fit of
different age pairs and ensure robustness, we calculated
the global MSE between the original and re-estimated
growth curves. This metric was computed by:
generating a sequence of 100 ages from 0 to 15 years,
calculating the predicted lengths from both the original
and re-estimated equations at each age, and computing
the MSE between the two curves.

The best re-estimated parameter sets derived from
each original report were pooled to compute a single
average value for L., k, and to. To quantify the
uncertainty of the re-estimated growth parameters, a
nonparametric bootstrap approach was used (Efron &
Tibshirani 1993). This method involved simulating
1,000 new datasets by resampling with replacement
from the average re-estimated parameters, while adding
a small amount (8%) of random noise to each replicate.
A 95% confidence interval for the growth curve was
then constructed from the resulting distribution of
simulated curves.

Natural mortality (M)

M was estimated using the Natural Mortality Tool
(Cope 2020), a web-based application that implements
empirical estimators derived from meta-analyses of fish
life-history traits. We applied the re-estimated growth
parameters L. and k as primary inputs, considering
12°C as the mean annual sea surface temperature for
central Chile (SHOA 2024). To incorporate additional
biological information to estimate M, the tool was
configured to integrate other life history traits such as
longevity and age at maturity (tmsos). Based on Chilean
age reports, longevity was set at 12 years for B.
australis. The tmsos was derived by back-calculating
from length at maturity (Lmso» = 37 cm) (Leal et al.
2017) using the original and re-estimated growth
parameters in the inverse von Bertalanffy equation:
tmsoss = to L (1 ——L’”5”%)
m50% k Loo

From the available methods within the tool, based
on the foundational works of Pauly (1980), Jensen
(1997), and Then et al. (2015), a subset of eight
estimators was selected for final inference. The tool
synthesizes the results from these individual estimators
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to generate a weighted density distribution. The median
of this composite distribution was adopted as the final
robust estimate of M to mitigate the bias of any single
method.

Beverton and Holt's invariant ratios (BHIR)

Finally, the life history parameters for B. australis
estimated in this study were analyzed against BHIR.
These ratios, which include M X tmso%, M / k and Lmsos
/ L, represent a form of symmetry in life history traits
that is consistent across different species and
populations (Jensen 1996). This comparison allowed us
to evaluate the biological plausibility of our derived
parameter set and contextualize our findings within a
broader theoretical framework of fish population
dynamics.

RESULTS

Re-estimation of growth parameters

The application of the Lopez-Veiga (1979) method-
ology is exemplified by its use on the VBGP from
Moyano (2017): Ly = 56.91 (1 - e®18t320) Thjs
process yielded a range of revised parameter sets
depending on the selected age pairs (i1, t2). The pair t;
= 6 and t; = 12 years produced the most robust fit,
indicated by the lowest global MSE value. The
resulting best-fit growth equation was Lt = 54.56 (1 -
g 03Lt+0.03)y This re-estimation resulted in a lower L, a
substantially higher k, and a theoretical age at to closer
to zero compared to the original parameters (Table 1,
Fig. 1).

For the other parameter sets (Oyarzln et al. 2013,
Arancibia et al. 2017), the optimal age pairs were
identified as t1 = 3, t; = 12 and t; = 5, t, = 9 years,
respectively. The re-estimated parameters for these
studies did not differ significantly from the trends
observed in the Moyano (2017) example, consistently
showing a decrease in L., an increase in k, and a
correction of to to values near zero (Table 2). The
pooled average of the re-estimated parameters across
all three studies was L., = 56.17 cm, k = 0.32 yr?, and
to = -0.03 years.

Visual analysis revealed a clear convergence in the
growth trajectories predicted by the three sets of re-
estimated parameters, forming a distinct cluster that
diverged from the original models, particularly for
younger age classes (Fig. 2). However, the magnitude
of the correction from the original curves varied among
studies. The adjustment was most substantial for the
datasets from Moyano (2017) and Arancibia et al.
(2017), whose re-estimated curves exhibited a

significant shift. In contrast, the original growth curve
from Oyarzin et al. (2013) exhibited the smallest
deviation from the cluster of re-estimated models,
indicating a lesser degree of correction was required.
The curve generated from the average re-estimated
parameters (Li = 56.17 (1 - e032®+003)y)) js 3lso
presented, providing a synthesized growth model for B.
australis.

Natural mortality

Re-estimation of the growth parameters directly
impacted derived life-history traits, particularly tmsow
and consequently M estimates. The age at maturity
(tmsow) increased when calculated using the re-
estimated parameters. This change arises from the
mathematical relationship between k, L., and Lmsox in
the inverse von Bertalanffy equation; higher k values
and adjusted L., result in a different point along the
growth trajectory where Lmsow is reached. Conse-
quently, the M estimates, which are positively
correlated with k, also increased and exhibited a more
constrained range (0.48-0.50 yr') compared to the
original estimates (0.39-0.47 yr') (Table 3). The
convergence of these values to a narrow interval
supports the calculation of a mean M = 0.48 yr™.,

Beverton and Holt's invariant ratios

The re-estimated parameters produced BHIR that were
consistently closer to their expected theoretical values
(Mxtms00 ~1.65; M/k ~1.50; Lmsow/L. ~0.66) than those
derived from the original parameters (Table 4). The
total absolute difference from the theoretical invariants
decreased from an average of 64% across the original
parameter sets to just 3.4% for the re-estimated sets.
The magnitude of this improvement varied among
studies, with the most substantial change occurring for
the parameters from Arancibia et al. (2017) (from 82 to
2% difference) and the least pronounced for OyarzUn et
al. (2013) (from 27 to 14% difference).

DISCUSION

Accurate estimations of VBGP are fundamental in
fisheries management, as they provide direct inputs for
stock assessments and serve as the basis for deriving
other essential parameters, such as M (Quinn & Deriso
1999, Punt et al. 2016). One ongoing challenge in
estimating VBGP is the limited availability of young or
old fish (Isely & Grabowski 2007, Thorson & Minto
2015). Various methods have been proposed to correct
these biases, including length-at-age back-calculation
(Francis 1990), combining observed age-length data with
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Table 1. Example of growth parameter re-estimation for B. australis using the Lopez-Veiga (1979) method. Applied to the
original parameters from Moyano (2017) (L. = 56.91 cm, k=0.18 yr1, t, = -3.20 years). The best-fit solution (lowest global

mean squared error (MSE)) is highlighted in bold.

ty to L k to  Global MSE

1 10 60.0 0.69 -0.01 112.85

2 12 60.0 0.43 -0.02 69.92

3 7 60.0 0.34 -0.02 56.32

6 12 5456 0.31 -0.03 43.43
Originals parameters  56.91 0.18 -3.20 NA

Correction example VBGP from Moyano (2017)

40 50 60
I I

Fork length (cm)
30
1

YL o (Hatch length) = 0.48 cm

Original equation: L,=56.91(1-¢

Reestimated equation: L,= 54.56(‘] —-e

(-0.18(t--3 2)))

(-0.31(t—-0. oa]])

—— Original curve
—e— Best reestimated fit
""" Other fits

Age (yr)
Figure 1. Re-estimation of von Bertalanffy growth parameters (VBGP) for B. australis from the original parameter set

(Moyano 2017), using the Lopez-Veiga (1979) method. The original curve (solid black line) shows a bias to = -3.20 years,
while the best re-estimated fit (thin black line with closed dots; t1 = 6, t; = 12 years) corrects t, = -0.03 years. Grey dashed

lines represent alternative age-pair combinations evaluated.

back-calculated lengths (Moyano et al. 2018), and
constraining model fits by fixing L., or to parameters
(Pardo et al. 2013). More recently, Bayesian
approaches incorporating prior knowledge have been
implemented to produce combined estimates from
previous information and available data (Siegfried &
Sans6 2006, Smart & Grammar 2021, Neves et al.
2022).

Our research shows that sampling bias has
significantly distorted previous growth models for B.
australis. By introducing a fixed biological reference
point, the Lo, and following the approach of Lopez-
Veiga (1979), we corrected these biases, yielding a
more biologically coherent growth model and a robust
estimate of M.

Throughout the re-estimation process, we
consistently found a set of revised parameters that
converged across all three original studies. The larger
corrections were for the datasets of Moyano (2017) and
Arancibia et al. (2017), who previously reported to
values of -3.20 and -2.50 years, respectively,
suggesting a biased description of growth at the early
stage of the curve. Updated estimates settled around a
pooled average of L, =56.17 cm, k =0.32 yr!, and to =
-0.03 years. The substantial standard deviation around
to (standard deviation = 0.45), however, indicates
considerable uncertainty in estimating the theoretical
age at zero length. This variability likely reflects either
biological differences in early life growth or methodo-
logical challenges in age determination for the youngest
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Table 2. Summary of original and re-estimated von Bertalanffy growth parameters for B. australis from three independent
studies. The average of the re-estimated parameters is provided, with standard deviation (sd) values given in parentheses.

. L. (cm) k (yrd) to (years)
Stud Size range (cm — - — - . -
y ge (cm) Original Re-estimated Original  Re-estimated Original  Re-estimated
Oyarzun et al. (2013) 20-58 58.95 58.40 0.28 0.32 -0.37 -0.03
Moyano (2017) 25-58 56.90 54.56 0.18 0.31 -3.19 -0.03
Arancibia et al. (2017) 25-55 59.55 55.56 0.19 0.33 -2.50 -0.03
Average (sd) — 58.47 56.17 (3.82) 0.22 0.32 (0.089) -2.02 -0.03 (0.45)
Oyarzun et al. (2013) Moyano (2017)

-~ 8- - 8-

5 §

s ¥ s $7

£ 8- £ 8-

R 5 &

e 4 = Original e -
—e— Reestimated
o - ©  Observed o
b 12 3 4 5 6 7 8 o 1 MR b 12z 8 4 5 8 7 8 8 W 1w
Age (yr) Age (yr)
Arancibia et al. (2017) Average curve reestimated

£ ~ 7 £ < 7]

é & é % L,=56.17(1 el 032 -003)

w 2 | w 2 |

T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11 12

Age (yr)

Age (yr)

Figure 2. Comparison of original (solid black line) and best re-estimated (thin black line with closed dots) von Bertalanffy
growth curves for B. australis from three studies: Oyarzin et al. (2013), Moyano (2017), and Arancibia et al. (2017).
Observed data from the original studies are shown as grey open circles. The bottom-right panel displays the average re-
estimated curve, with the shaded grey area representing the 95% confidence interval.

fish, suggesting this parameter should be interpreted
with some caution.

Nevertheless, the adjustment to a to value close to
zero not only makes biological sense, aligning with the
known hatch size (Moser 1996), but also adheres to the
principle of parsimony in model fitting, steering clear
of unnecessary extrapolation (Pilling et al. 2002). The
increase in k indicates a quicker growth rate towards L,
which is a typical correction when early-life growth is
accurately considered (Allen & Hightower 2010, Then
et al. 2015). The slight adjustment needed for the
Oyarzun et al. (2013) parameters, which already had a

less biased to, further supports the method, showing that
the L6pez-Veiga (1979) approach effectively tailors the
degree of correction to the initial level of bias.

The correction of VBGP had a direct and substantial
impact on derived life-history traits such as tmsos and
consequently on M estimations. This recalculation is
critical for estimating spawning stock biomass and
understanding a stock’s reproductive resilience (Hordyk
et al. 2015a). M increased from an original wider range
of 0.39-0.47 yrto a narrowed range of 0.48-0.50 yr ™.
This higher and more precise M estimate suggests a
faster biomass replacement rate for B. australis than
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Table 3. Comparison of original and re-estimated age at maturity (tmsos) and natural mortality (M) for B. australis across
three independent studies off Chile, including the relative changes (%). The average values for the re-estimated parameters
are provided. Change (%) represents the relative shifting percentage after applying the Lopez-Veiga (1979) methodology

to re-estimate von Bertalanffy growth parameters.

Age at maturity (tmsos)

Natural mortality (M yr?)

Study Original Re-estimated Change (%) Original Re-estimated Change (%)
Oyarzun et al. (2013) 3.16 3.14 -0.6 0.47 0.5 6.4
Moyano (2017) 2.65 3.66 38.1 0.39 0.48 23.1
Arancibia et al. (2017) 2.66 3.28 23.3 0.4 0.5 25
Average 2.82 3.34 18.4 0.42 0.48 14.3

Table 4. Beverton and Holt life-history invariant ratios calculated from original and re-estimated parameters. Theoretical
expected values are MxXtps00 = 1.65, M/k = 1.50, and Lmsoes/Ls= 0.66. The percentage difference from the theoretical value
for each ratio is shown in parentheses. The total absolute difference summarizes the overall improvement.

Beverton and Holt's invariant ratios

Study V- MKk Lo/ Total difference

Oyarzln etal. (2013)  Originals 1.48 (-10%) 1.68 (12%) 0.63 (-5%) 27%
Re-estimated  1.57 (-5%) 1.58 (5%)  0.63 (-4%) 14%

Moyano (2017) Originals 1.03 (-37%) 2.17 (44%) 0.65 (-1%) 83%
Re-estimated 1.76 (6%) 1.56 (4%) 0.68 (3%) 13%

Arancibia et al. (2017) Originals 1.06 (-35%) 2.11 (40%) 0.62 (-6%) 82%
Re-estimated  1.64 (-0.7%) 1.51(0.4%) 0.67 (0.9%) 2%
Average Originals 1.19 (-28%) 1.99 (32%) 0.63 (-4%) 64%
Re-estimated  1.66 (0.4%) 1.55(3%)  0.66 (0%) 3.4%

previously assumed. Underestimating M is a known
shortcoming in stock assessment that creates a risk of
cryptic depletion, where a stock can be overfished
without a corresponding sharp decline in catch rates
due to high, unaccounted mortality (Hordyk et al.
2015b, Perreault & Cadigan 2021). The use of a multi-
model estimator tool (Cope 2020) synthesizes
information from various empirical relationships,
providing a robust estimate that is less vulnerable to the
limitations of any single method.

The most compelling validation of our re-estimated
parameters is their strong alignment with BHIR
(Beverton & Holt 1959, Jensen 1996). These BHIR
represent evolutionary trade-offs that are conserved
across diverse teleost taxa. The original parameters for
some studies deviated sharply from these theoretical
values, indicating biologically implausible life-history
traits. When parameters were recalculated, they
produced invariant ratios that were consistently closer
to their expected values, reducing the total average
difference from 64% to just 3.4%. This improvement
demonstrates that incorporating Lo rectifies the internal
inconsistencies in the growth model, yielding a
parameter set that describes coherent life-history

attributes for B. australis. This finding aligns with
Pilling et al. (2002) and Batts et al. (2019), who
demonstrated that models incorporating early-life data
produce more reliable and theoretically consistent
parameter estimates, particularly when late-life data are
limited or biased.

However, it is important to distinguish that while
the revised parameters are demonstrably more
internally consistent with selected evolutionary life-
history relationships, this consistency does not
automatically guarantee absolute accuracy in empirical
biological reality. Moreover, several limitations of this
study should be acknowledged. First, using Lo from B.
japonica as a proxy for B. australis, while justified by
phylogenetic and ecological similarity, introduces
uncertainty. Hatch size can vary within families due to
maternal effects, temperature, and other environmental
factors (Moser 1996). Direct measurement of B.
australis larvae would provide the most accurate
anchor point and should be a priority for future
research. Second, our approach relies on previously
published growth parameters rather than raw length-at-
age data; this introduces dependence on the original
authors' age determinations and sample represent-
ativeness. Third, the validation of the revised
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parameters is indirect, based on conformity with
theoretical life-history invariants rather than independent
growth data (e.g. mark-recapture or controlled rearing).
While the BHIR approach is widely accepted for
evaluating biological plausibility, it does not constitute
absolute validation. Finally, the bootstrap confidence
intervals assume that the original parameter estimates
are independent and identically distributed, which may
not fully capture the underlying uncertainty structure.

Despite the methodological limitations inherent in
our approach, the Lopez-Veiga (1979) method
effectively mitigates biases in growth models derived
from length-at-age data lacking small juveniles, a
common issue in fisheries-dependent sampling
(Thorson & Minto 2015). We provide a robust, revised
set of VBGP for B. australis that is biologically
consistent with life-history theory and critical for
accurate stock assessment. The subsequent increase in
the M estimate underscores the profound implications
of growth model misspecification. Future assessments
for this important Chilean fishery resource should
consider these revised parameters and evaluate their
performance in stock assessment models, potentially
using management strategy evaluation to test their
robustness.

Credit author contribution

E. Leal: conceptualization, validation, methodology, R
code development, formal analysis and writing-original
draft; G. Moyano: writing, review and editing; C.
Gatica: R code development, review and editing; P.
Galvez: review and editing. All authors have read and
accepted the published version of the manuscript.

Conflict of interest

The authors declare that they have no known conflict of
interest or personal relationships that could have
influenced the work reported in this manuscript.

Funding

The ANID scholarship of the Chilean Government
supported this study.

Data availability

The data supporting this study are not publicly
available due to the absence of a dedicated repository
at the time of research conducted. However, the data
and complete code could be provided as supplementary
material to ensure full reproducibility of the analysis
from the corresponding author upon reasonable request.

ACKNOWLEDGMENTS

Elson Leal acknowledges funding from the scholarship
grant from ANID of the Chilean Government.

REFERENCES

Allen, M.S. & Hightower, J.E. 2010. Fish population
dynamics: mortality, growth, and recruitment. In:
Hubert, W.A. & Quist, M.C. (Eds.). Inland fisheries
management in North America. American Fisheries
Society, Bethesda, pp. 43-79.

Arancibia, H., Alarcén, R., Barros, M., et al. 2017.
Actualizacion de parametros de historia de vida de
reineta (Brama australis) en aguas nacionales. Informe
Final-Proyecto FIP N°2015-20, Universidad de
Concepcion, Concepcion.

Batts, L., Minto, C., Gerritsen, H., et al. 2019. Estimating
growth parameters and growth variability from length
frequency data using hierarchical mixture models.
ICES Journal of Marine Science, 76: 2150-2163. doi:
10.1093/icesjms/fsz103

Beverton, R.J.H. & Holt, S.J. 1959. A review of the
lifespans and mortality rates of fish in nature, and their
relation to growth and other physiological charac-
teristics. In: Wolstenholme, G.E.W. & O' Connor, M.
(Eds.). CIBA Foundation Symposium - The Lifespan
of Animals. Little, Brown & Company, Boston, pp.
142-180. doi: 10.1002/9780470715253.ch10

Campana, S.E. 2001. Accuracy, precision and quality
control in age determination, including a review of the
use and abuse of age validation methods. Journal of
Fish Biology, 59: 197-242. doi: 10.1111/j.1095-8649.
2001.tb00127.x

Canales, T.M. & Leal, E. 2009. Parametros de historia de
vida de la anchoveta Engraulis ringens Jenyns, 1842,
en la zona centro norte de Chile. Revista de Biologia
Marina y Oceanografia, 44: 173-179. doi: 10.4067/S
0718-19572009000100017

Chen, Y., Breen, P.A. & Andrew, N.L. 2000. Impacts of
outliers and mis-specification of priors on Bayesian
fisheries-stock assessment. Canadian Journal of
Fisheries and Aquatic Sciences, 57: 2293-2305. doi:
10.1139/f00-208

Cope, J.M. 2020. The natural mortality tool: Empirical
estimators of natural mortality (M). [http://barefooteco-
logist.com.au/shiny_m]. Reviewed: March 20, 2026.

Efron, B. & Tibshirani, R.J. 1993. An introduction to the
bootstrap. Chapman and Hall/CRC, New York.



Improving von Bertalanffy growth parameters and natural mortality estimates in Brama australis 691

Francis, R. 1990. Back-calculation of fish length: a critical
review. Journal of Fish Biology, 36: 883-902. doi:
10.1111/j.1095-8649.1990.th05636.x

Girdler, A., Wellby, 1. & Welcomme, R. 2010. Fish stock
assessment. In: Fisheries management and conservation.
Wiley-Blackwell, Hoboken, pp. 154-169. doi: 10.1002/
9781444319774.ch11

Gislason, H., Daan, N., Rice, J.C., et al. 2010. Size,
growth, temperature and the natural mortality of
marine fish. Fish and Fisheries, 11: 149-158. doi:
10.1111/j.1467-2979.2009.00350.x

Hordyk, A., Ono, K., Sainsbury, K., et al. 2015a. Some
explorations of the life history ratios to describe length
composition, spawning-per-recruit, and the spawning
potential ratio. ICES Journal of Marine Science, 72:
204-216. doi: 10.1093/icesjms/fst235

Hordyk, A., Ono, K., Valencia, S., et al. 2015b. A novel
length-based empirical estimation method of spawning
potential ratio (SPR), and tests of its performance, for
small-scale, data-poor fisheries. ICES Journal of
Marine Science, 72: 217-231. doi: 10.1093/icesjms/
fsu004

Isely, J.J. & Grabowski, T.B. 2007. Age and growth. In:
Guy, C.S. & Brown, M.L. (Eds.). Analysis and
interpretation of freshwater fisheries data. American
Fisheries Society, Bethesda, pp. 187-228.

Jensen, A.L. 1996. Beverton and Holt life history
invariants result from optimal trade-off of repro-
duction and survival. Canadian Journal of Fisheries
and Aquatic Sciences, 53: 820-822. doi: 10.1139/f95-
233

Jensen, A.L. 1997. Origin of the relation between K and
L. and synthesis of relations among life history
parameters. Canadian Journal of Fisheries and Aquatic
Sciences, 54: 987-989. doi: 10.1139/f97-007

Leal, E., Diaz, E. & Claramunt, G. 2017. Avances en el
estudio reproductivo de la reineta (Brama australis)
capturada en la costa central de Chile. Latin American
Journal of Aquatic Research, 45: 1079-1084. doi:
10.3856/vol45-issue5-fulltext-25

Leal, E., Neira, S., Klarian, S., et al. (in press). Synthesis
on the biology and ecology of reineta-southern Ray's
bream (Brama australis) off the Chilean coast and
South Pacific Ocean. Marine and Freshwater Research.

Lépez-Veiga, E.C. 1979. Fitting von Bertalanffy growth
curves in short-lived fish species. A new approach.
Investigacion Pesquera, 43: 179-186.

Mead, G. 1972. Bramidae. Dana Reports, 81: 1-166.

Moser, H.G. (Ed.). 1996. The early stages of fishes in the
California Current Region. California Cooperative
Oceanic Fisheries Investigations (CalCOFI), La Jolla.

Moyano, G. 2017. Protocolo de lectura de otolitos sagittae
para determinar edad en southern rays bream (Brama
australis). In: Proyecto asesoria integral para la toma
de decisiones en pesca y acuicultura 2016. Actividad
demersal. Pesqueria demersal artesanal - industrial.
IFOP, Valparaiso.

Moyano, G., Cerna, F., Ojeda, V., et al. 2018. Validation
of the first annulus and growth model fit for the
cardinalfish (Epigonus crassicaudus). Journal of the
Marine Biological Association of the United
Kingdom, 99: 1023-1028. doi: 10.1017/S00253154
18000590

Neves, A., Vieira, A.R., Sequeira, V., et al. 2022. A
Bayesian approach for estimating growth parameters
of Sebastes mentella in the Irminger Sea. Fisheries
Research, 254: 106418. doi: 10.1016/j.fishres.2022.
106418

Oyarzin, C., Cortes, N. & Leal, E. 2013. Age, growth and
mortality of southern rays bream Brama australis
(Bramidae) off the southeastern Pacific coast. Revista
de Biologia Marina y Oceanografia, 48: 585-590.

Pardo, S., Cooper, A.B. & Dulvy, N. 2013. Avoiding fishy
growth curves. Methods in Ecology and Evolution, 4:
353-360. doi: 10.1111/2041-210x.12020

Pauly, D. 1980. On the interrelationships between natural
mortality, growth parameters, and mean environ-
mental temperature in 175 fish stocks. Journal du
Conseil, 39: 175-192. doi: 10.1093/icesjms/39.2.175

Perreault, A.M. & Cadigan, N.G. 2021. Natural mortality
diagnostics for state-space stock assessment models.
Fisheries Research, 243: 106062. doi: 10.1016/j.fishres.
2021.106062

Pilling, G.M., Kirkwood, G.P. & Walker, S.G. 2002. An
improved method for estimating individual growth
variability in fish, and the correlation between von
Bertalanffy growth parameters. Canadian Journal of
Fisheries and Aquatic Sciences, 59: 424-432. doi:
10.1139/f02-022

Punt, A.E., Butterworth, D.S., de Moor, C.L., et al. 2016.
Management strategy evaluation: best practices. Fish
and Fisheries, 17: 303-334. doi: 10.1111/faf.12104

Quinn, T.J. & Deriso, R.B. 1999. Quantitative fish
dynamics. Oxford University Press, New York.

R Core Team. 2023. R: a language and environment for
statistical computing. R Foundation for Statistical
Computing. [https://www.R-project.org/]. Reviewed:
July 10, 2026.

Servicio Nacional de Pesca y Acuicultura (SERNA-
PESCA). 2025. Anuario estadistico de pesca 2025.
SERNAPESCA, Valparaiso. [https://www.sernapesca.
cl/informacion-utilidad/anuarios-estadisticos-de-pesca-
y-acuicultura]. Reviewed: July 10, 2026.



692 Latin American Journal of Aquatic Research

Servicio Hidrografico y Oceanografico de la Armada de
Chile (SHOA). 2025. [https://tsm.mitelemetria.cl/
apps/src/tsm/index.php?mapa=cl&opcion=consola&cur
va2=climatologia&escapados=con]. SHOA, Valparaiso.
Reviewed: May 20, 2026.

Siegfried, K.l. & Sanso, B. 2006. Two Bayesian methods
for estimating parameters of the von Bertalanffy
growth equation. Environmental Biology of Fishes,
77: 301-308. doi: 10.1007/s10641-006-9112-6

Smart, J.J. & Grammar, G.L. 2021. Modernizing fish and
shark growth curves with Bayesian length-at-age
models. Plos One, 16: e0246734. doi: 10.1371/journal.
pone.0246734

Received: October 27, 2025; Accepted: July 29, 2026

Taylor, N.G., Walters, C.J. & Martell, S.J. 2005. A new
likelihood for simultaneously estimating von
Bertalanffy growth parameters, gear selectivity, and
natural and fishing mortality. Canadian Journal of
Fisheries and Aquatic Sciences, 62: 215-223. doi:
10.1139/f04-189

Then, A.Y., Hoenig, JM., Hall, N.G., et al. 2015.
Evaluating the predictive performance of empirical
estimators of natural mortality rate using information
on over 200 fish species. ICES Journal of Marine
Science, 72: 82-92. doi: 10.1093/icesjms/fsul36

Thorson, J.T. & Minto, C. 2015. Mixed effects: a unifying
framework for statistical modeling in fisheries
biology. ICES Journal of Marine Science, 72: 1245-
1256. doi: 10.1093/icesjms/fsu213



	Latin American Journal of Aquatic Research, 54(4): 683-692, 2026

