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Background: Small pelagic teleosts, notably the round sardinella (Sardinella awrita), constitute a
fundamental component of marine ecosystem structure and reinforce regional food security. Nevertheless,
the long—term sustainability of these stocks is increasingly threatened and compromised by synergistic
pressures of intensive fishing exploitation and fluctuating environmental factors.

Aims: This study aimed to introduce a modified growth model for short-lived pelagic fish that integrates
age-dependent variability with the objective of refining biomass estimates and optimizing stock assessment
protocols.

Methods: Monthly biological sampling was conducted from January to December 2023 along the central
Algerian coast, yielding a total of 1,128 specimens. Two distinct growth formulations were evaluated: the
conventional von Bertalanffy Growth Function (VBGF), which assumes a constant growth coefficient K
and an age-dependent approach in which the parameters (K5, Lees) were estimated independently for each
identified age cohort.

Results: Comparative analysis revealed two distinct growth scenarios. The conventional VBGF scenario,
characterized by slow growth (K= 0.31 year?, Loo = 30.90 cm), projected a maximum lifespan ( Zina) of 10
years. Conversely, the age-structured model (Kz) exhibited rapid early growth (Ki = 2.27 year?) that
progressively decelerated to 0.46 year? by age five, projecting a maximum lifespan of 7 years — although
only five age classes were resolved from the sampled population, likely attributable to intense fishing pressure.
Asymptotic lengths (Leoy) ranged from 9.35 cm at age one to 25.10 cm at age five. The growth performance
index (@) varied from 2.29 to 2.50 across age classes, with a coefficient of variation (CV) of 4%. Total
mortality (Z) was estimated at 3.97 year™. Under the age-structured scenario, natural mortality (M) decreased
with age, from 1.10 year? at age one to 0.43 year?! at age five, in contrast to a static baseline M 0.39 year?
across all cohorts; meanwhile, fishing mortality (F) increased with age, from 2.87 year'1 at age one to 3.54
year! at age five, compared to a constant F of 3.58 year™.

Conclusions: The age—dependent model (Kz) offers a more robust and biologically realistic depiction of the
growth and life-history dynamics of S. aurita, thereby supporting sustainable management practices that
account for rapid early growth and reproductive energy allocation. This data—parsimonious mathemarical
framework offers a highly practicai alternative for stock assessments in data-limited fisheries, particularly
where complex bioenergetic modeling is logistically unfeasible.

Keywords: Pelagic Species; Age Structure; Growth Coefficient; Bioenergetics; Food Security; Mediterranean
Sea.

>4 Corresponding authors: Ryma Azaoui
E-mail : r.azaoui@univ-aiger.dz /
azaouiryma@hotmail.com

Tel. (+213) 542 606 613

Received: July 13, 2025
Revised: May 18, 2026
Accepted: June 03, 2026
Published: June 16, 2026

Cite this article as: Azaoui, R., Toumi, M., &
Amara, R. (2026). Age-Dependent Parameters of the
Von Bertalanffy (1938) Growth Model: A Case of
Sardinella awrita (Valenciennes, 1847) Along The
Central Algerian Coast (Southeastern Mediterranean
Sea). The North African Journal of Food and
Nutrition Research, 10 (21): 223
233.hups://doi.org/10.51745/najfnr.10.21.223-
233

© 2026 The Author(s). This is an open-access article. This article is
licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adapration, diswribution and
reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made. The images or other third-party material in this article are
included in the article’s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you
will need to obtain permission directly from the copyright holder. To
view a copy of this license, visit
hutp:// creativecommons.orgf licenses/by/ 4.0/

1 INTRODUCTION

Pelagic fish, such as sardines, anchovies, and herring, play
an essential role not only in marine ecosystems but also in
global food security. These small fish provide high-quality
proteins and beneficial omega-3 fatty acids, contributing to
the diets of human populations (Tacon & Metian, 2013;
Sabu, 2024). Additionally, they enhance food security for

coastal communities by providing essential nutrients, which

Nor. Afr. J. Food Nutr.

could reduce the risk of non-communicable diseases (NCDs)
related to dietary imbalances, especially in the context of

climate change (Savage ez al., 2020).

These species represent approximately 25 — 30% of the
global marine catch (Hilborn er 4/, 2022; Peck ez al., 2021)
and are particularly significant in regions such as the
Mediterranean and West Africa, where they can constitute up
to 85% of landings (Sabatés ez «/, 2009). In nutrient-rich
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areas such as the Humboldt and Canary Currents, these fish
support the livelihoods of local fishermen and provide
sustenance for communities (Dahel ez al, 2024; Fréon et al.,

2005).

However, the sustainability of pelagic fish is increasingly
threatened by overfishing, climate change, and pollution,
exacerbating the vulnerability of already fragile stocks
(Costello ez al., 2016; Dahel ez al., 2024). To address these
challenges, this study proposes the K, model, an innovative
framework designed specifically for short-lived pelagic
species. Unlike traditional models, this approach dynamically
adjusts the growth coefficient between age classes, reflecting
the progressive reallocation of energy from somatic growth to
reproduction after sexual maturity — a fundamental
biological trade-off that constant-parameter models cannot
capture.

Conventional models, such as the von Bertalanffy growth
model (VBGM), often fail to accurately depict the growth of
short-lived pelagic species due to their fixed parameters,
which overlook age-related variability (Baldé ez 4/, 2019; Van
Poorten er al., 2018). In contrast, the K, model incorporates
a flexible growth coefficient that decreases with age—starting
high in younger individuals to enhance growth, then
declining progressively to prioritize reproduction. It is crucial
to note that this does not constitute a novel growth equation
per se, but rather an estimation procedure that discretizes the
conventional VBGM on a per-age-class basis. This approach
responds to recent methodological recommendations
advocating the explicit integration of age-related growth
variability into stock assessment models (Lee ez 4/, 2020; Van
Poorten er al., 2018), particularly for short-lived, fast-growing
species subject to intense fishing pressure, for which

misspecification of growth can result in positive bias in

management quantities such as stock depletion (Correa er «L,
2021). To this end, this study aimed to provide a robust and
replicable methodological framework that could be extended
to further Mediterranean small pelagic stocks with r-selected
life-history strategies, where dynamic, age-specific growth
parameters are essential for accurate biomass estimation and
sustainable quota setting.

While advanced models such as the Dynamic Energy
Budget (DEB) and individual-based models (IBM) offer
improvements, their complexity and data requirements can
be impractical for resource-limited fisheries (David er af,
2019; Martin er al., 2012; Liu ez al., 2023). The K, approach
incorporates  age-related growth variability, reducing
uncertainty in stock assessments and supporting marine

sustainability initiatives, particularly in line with Sustainable

Development Goal 14 (Pikitch er al., 2004).

2 MATERIAL AND METHODS
2.1 Data Collection

Monthly sampling was conducted from January to
December 2023 along the central Algerian coast, specifically
between Tenes (36° 34’ 44” N; 1° 18’ 16” E) and Dellys
(36° 54° 48” N; 3° 54° 517 E) (Figure 1). This area was
selected for its ecological representativeness of the
Mediterranean small pelagic habitats and socioeconomic
reliance on Sardinella fisheries. Fish specimens were collected
monthly from commercial landings at the fishing ports of
Algiers (Central Algeria). Sampling was conducted randomly
to ensure a representative distribution of the size classes
available in the landings. A total of 1,128 specimens were
sampled over a one-year period, with the monthly effort (n)
March to 163 in October

ranging from 11 in
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Figure 1. Geographic Location of the Central Algerian Coast
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(Supplementary Data). Total length (TL) was recorded to
the nearest 0.1 cm, while body weight was measured to =

0.01g

2.2 Age Estimation

Age cohorts were resolved employing the Bhattacharya
method (1967) in FISAT II v1.2.2 (Gayanilo er 4/, 2005) to
obtain initial estimates, followed by refinement through the
NORMSEP (Normal Separation) program (Gayanilo er 4/,
2005). This method is recommended for small pelagic fish
and effectively decomposes age cohorts from size
distributions. Although otolith-based aging provides superior
precision for individual age determination, it was not
employed in the present study. The Bhattacharya method
was selected because: (1) it constitutes the standard approach
recommended by FAO for length-frequency-based stock
assessments of small pelagic fish in the Mediterranean Sea
(Gayanilo er al., 2005); (2) the method is prescribed by the
Dynamics of Marine Populations (DYNPOP) working
group of the Mediterranean Science Commission (CIESM)
(Bouaziz et al, 2014); and (3) otoliths of S. aurita in the
Mediterranean Sea often display multiple hyaline rings per
year due to thermal stress, making annual age reading
ambiguous without prior validation studies (Campana &

Jones, 1992; Morales-Nin & Panfili, 2002).
2.3 Growth Parameters
Two approaches were compared:

A. Conventional von Bertalanffy Growth Model,
1938 (K)

Growth parameters (K, Loo) were estimated using
the ELEFAN I algorithm in FISAT II v1.2.2 (Gayanilo ez al,
2005). The von Bertalanffy Growth Model (VBGM) is

expressed as:
L= Lox1— exp  X*C-t) ... )

Where L;represents the mean length at agez(cm), Loo
represents the asymptotic length (cm), K denotes the growth
coefficient (year"), and z is the theoretical age at which the
length is zero (years).

B. Age-Dependent Growth Model (K.)

To accommodate age-related growth variations, the
conventional VBGM was discretized to estimate age-specific

parameters (K, Looy,):

Ly = Lo, X1 — exp~Kn X(t=t) | @

The maximum observed length for each age class (Lmaxtm) is

estimated as:

Linax n = L.+ SD,

Where L is the predicted mean length at age n. SD is the

standard deviation of lengths for age class n.
e Asymptotic length (Lc0,)

According to Taylor (1958 iz Froese & Palomares, 2000),
the lifespan of fish can be estimated by determining the age
at which they attain 95% of L ©, using the following formula:

In(1 - p)
Ap=to- —p—

For each age (n), the asymptotic length is adjusted as
follows (Pauly, 1980):

Lmax n)
0.95

Loo, =

In this context, 4, represents the lifespan in years, to and
K are the parameters of the von Bertalanfly growth model
(VBGM), and p indicates a fraction of Lo, specifically 0.95

in this instance.

To isolate K, in the equation (2), the following steps are

applied:
Divide both sides by Loa:
Ly _ —knX(t—t,
Lo, 1—exp 0
Subtract 1 from both sides:
Ly kpx
—1= —knXx(t-t
Lo, 1=-exp R
Multiply both sides by -1:
Lt = exphnx(t=to)

Loo,

Take the natural logarithm of both sides:

Le
Ln(l—L >=—Knx(t—t0)

0.

n
Solve for K, :
L
c - —ln(l - m
" (t — to)

e  Estimation of Theoretical Age (z)

The theoretical age (#) is estimated employing the
empirical formula of Pauly (1980):

log,o(—t) = —0.39922 — 0.2752 x log,q L @ — 1.038 log,, K
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For the present study, the theoretical age at zero length (to)
was fixed at zero across all age classes, as is standard practice
in length-frequency-based assessments of Mediterranean
small pelagics (Gayanilo ez af, 2005; Sparre & Venema,
1998). This assumption may lead to a slight overestimate of
K, for younger cohorts, but the effect is systematic and does
not alter the downward trend in K, with age.

¢  Estimation of Maximum Age (7,.)
Longevity (Tmex) was calculated employing the formula by
Hattour ez al. (2004):

2.9957
Tma;c: K ) + to

In the age-dependent scenario, Timem was computed by
substituting K, into the above equation.

e  Performance index (@)

The growth performance index (@) proposed by Pauly &
Munro (1984) is:

@' = log;o(K) + 2 x log;o(Le0)

In the age-dependent framework, this was determined

as @, using K, and Loo, for each specific cohort.

2.4 Mortality Rates

The constant total mortality rate (Z) was estimated
through the length-converted catch curve, linearized with
FISAT II. The age-specific natural mortality coefficient (M)
was calculated for each age class via the empirical formula of

Djabali ez al. (1993):

logyo(M,) = —0.0278 — 0.1172 X 10g10(Leon)
+0.5092 X logyo(Ky)

Fishing mortality for each age class (Fu) was then derived as:

F,=Z-M,

3 RESULTS
3.1 Age Estimation

The size analysis identified five age groups, all with a
separation index (SI) exceeding 2 (Gayanilo er al, 2005),
confirming the statistical distinctiveness of each cohort (Table
1 and Figure 2). Individuals aged one year averaged 7 — 9 cm,
while those aged five years reached 22 — 25 cm. The
specimens varied in total length from 7.1 cm to 25.4 cm. The
most abundant age groups were two and three years,
representing 34.17% and 57.35% of the catches, respectively.
The SI threshold of 2 ensures that the identified components
are statistically distinct and reliable, even for the youngest age

classes where sample sizes were more limited.

Table 1. Age-Length Key for S. zurita from the Central
Region of the Algerian Coast

Age L.+ SD N SI

1 8.38+0.5 5.16 N/A
2 12.04 £ 1.15 385.45 4.457
3 16.12 +1.49 646.9 3.099
4 20.46 £ 0.5 19.13 4.363
5 22.57+1.27 71.36 2.384

Note: L cohort mean length (cm); SD: standard deviation; N: cohort size; and SI:
separation index (must be > 2). N/A: not applicable (first cohort has no preceding
reference group).
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Figure 2. Size-Frequency Distribution Decomposition of
S. aurita from the Central Algerian Coast (Bhattacharya
method, 1967, in FISAT II v1.2.2, 2005)

3.2 Growth Parameters
Conventional Approach (K): Von Bertalanffy Model

The conventional approach assumes a constant growth
rate throughout an individual's life as displayed in Table 2.
The results indicated a growth coefficient (K) of 0.30 year™,
a maximum asymptotic length (Leo) of 30.90 cm, and a
theoretical age () of O years. The growth performance index
(P") was estimated at 2.46. Notably, Leo (30.90 cm)
substantially exceeds the largest individual observed (Lmu =
25.4 cm).

Age-Dependent Approach (K,)
Under the age-dependent growth framework, the growth

rate exhibited distinct age-specific variations, as illustrated in
Table 2. Specifically, the growth coefficient (K,) decreased
from 2.27 yeaur'1 at age 1 to 0.46 yeaur'1 at age 5, representing
an approximate 80% reduction over the lifespan.
Correspondingly, asymptotic lengths (£99,) ranged from 9.35
cm at age 1 to 25.10 cm at age five. Based on the growth
coefficient of the oldest resolved cohort (K5 = 0.46 year™), the
predicted maximum lifespan (7o) was estimated to be 7

years. Overall, five distinct age classes were identified within
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Table 2. Growth Parameters of S. zurita from the Central Region of the Algerian Coast: Classical and Developed Approaches

Approach Age Lo Leo K o P’ lzrss
Classical - 25.4 30.90 0.30 0 2.46 10
1 8.88 9.35 2.27 0 2.30 1
2 13.19 13.88 1.01 0 2.29 3
Age-dependent (X) 3 17.61 18.53 0.68 0 2.37 4
4 20.96 22.06 0.66 0 2.50 5
5 23.84 25.10 0.46 0 2.46 7

Note: L maximum observed length (cm); Loo: asymptotic length (cm); K- growth coefficient (year-1); #o: theoretical age at zero length (year); @ growth performance indexs and Tpes
predicted maximum age (year).

the sampled population. The growth performance index 4 DISCUSSION
(@%) varied from 229 at age 2 to 2.50 at age 4,
demonstrating high stability with a coefficient of variation

(CV) of 4%.

The present investigation analyzed the size-frequency
distributions of S. awurita along the central Algerian coast,
revealing an age-length structure consistent with findings of
Bouaziz & Caddy (1998) and Bouaziz (2007), and Dahel ez
al. (2024), who employed similar length-frequency

" == decomposition methods for Algerian coastal populations. The
ok T e EEg el observed size overlap within age groups reflects individual
;; __=:_-_:_.'.'—':':' S variability in growth rates, a common attribute in small
g = o pelagic fish populations (Panfili er a/, 2002). Maximum
2. longevity in S. gurita has been estimated at up to seven years

in less-exploited Atlantic populations (Korichi, 1988;

Szypula, 1973), whereas recent Mediterranean studies

[ p—
Figure 3. Comparison of S. aurita Growth Curves: Table 3. Variations in Natural Mortality (M,) of S. aurita
Classic von Bertalanffy Model Versus Age-Class by Age
Adjusted Models Based on Observed Data from the Approach Age 7z M F
Central Algerian Coast Classical = 3.97 039 3.58
1 3.97 1.10 2.87
2 3.97 0.69 3.28
Figure 3 displays comparison between the conventional Age-dependent (M) 3 3.97 055 3.42
4 3.97 0.53 3.44

VBGM curve and the five age-class-adjusted curves. The

empirical data (observed mean lengths per cohort) align more > 3.97  0.43 3.54

Note: Z: total mortality (year™); M: natural mortality (year”); and F: fishing mortality

closely with the age-specific curves than with the dashed (year™)

global curve, supporting the biological relevance of the age- e

dependent parameterization. " HEE R Chn u-r:_i

: e B
3.3 Mortality Rates = oyt 2
Total mortality (£) was estimated at 3.97 year utilizing - = "'{I : F:.:.. Falr—

Loo=30.90 cm and K = 0.30 year! in the length-converted M L o - O (i

catch curve, as displayed in Figure 4. Age-specific natural g s = ;:::,'m | ::ﬁ i ;:E

mortality (M,) was calculated through the equation of Djabali o S et e T

er al. (1993) with age-specific parameters K, and L0, (Table B = e = ‘-:Em—u
Famiry age (yeere- ooz | -] &7

2). The results indicate that M, decreases significantly with
age, from 1.10 year” atage 1 (M) to 0.43 year” atage 5 (M5). Figure 4. Estimation of Total Mortality (Z) utilizing
This contrasts with the constant natural mortality rate of 0.39 ke gt Cadh G e & o
year! within the conventional approach (Table 3). (FISAT 11 v1.2.2) - Filled circles (o) indicate points

utilized in the regression
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consistently report shorter lifespans of five to six years,
reflecting the combined effects of higher fishing pressure and
distinct environmental conditions (Dahel, 2018; Handjar,
2019; Jurado-Ruzafa er al., 2020). Residual discrepancies
among studies are attributable to methodological differences
in age determination and interannual environmental

variability.

The growth parameters were evaluated under two
comparative frameworks. The conventional approach,
assuming a constant growth rate (K = 0.30 year™), falls below
the threshold of 0.34 year! proposed by (Kienzle, 2005).
While this outcome aligns with the slow-growth paradigm
documented in eastern Mediterranean cohorts (Ananiades,
1952; Musta¢ & Sinovéi¢, 2011), it stands in contrast to
recent Mediterranean investigations wherein K values range
between 0.34 and 0.68 year" (Benamar, 2019; Dahel e al,
2024; Handjar, 2019; Gomes ez al., 2024). This divergence is
attributable to the low curvature of the VBGM induced by
under-representation of large individuals — a structural
consequence of intense fishing pressure on the central
Algerian coast (Baldé ez al,, 2019; Jurado-Ruzafa er al., 2020).
Furthermore, Lo = 30.90 cm substantially exceeds the
maximum observed size (Lmux= 25.4 cm), a known artifact of
VBGM fitting to truncated length distributions (Froese &
Palomares, 2000). The growth performance index (@’ =
2.46) falls within the range of 2.28 — 2.74 defined for S. aurita
in the Mediterranean Sea (Benamar, 2019; Handjar, 2019).

The age-dependent approach (K, ranging from 2.27 year!
at age 1 to 0.46 year” at age 5) is more consistent with the
biological reality of a short-lived pelagic species. The
approximately 80% reduction in K, across age classes mirrors
the progressive reallocation of energy from somatic growth
toward reproduction after sexual maturity (Casselman, 1996;
Lee et al, 2020; Stearns, 1998), a phenomenon well
documented in West African (Baldé, 2019; Gomes ez al,
2024) The age-specific Lo, values closely approach the
maximum observed lengths for each cohort (Table 2),
confirming their biological plausibility. The growth
performance index (@7, = 2.29 — 2.50) falls within the range
defined for S. aurita in the Mediterranean Sea (2.28 — 2.74;
Benamar, 2019; Handjar, 2019), and its low coefficient of
variation (CV = 4%) supports the biological coherence of the
approach. The present study confirms that S. aurita exhibits
a relatively limited lifespan and an age-dependent growth
pattern consistent with r-selected life-history strategies
documented for small pelagic fish in comparable
environments (Amponsah ez af, 2017; Baldé er al, 2019;
Bouaziz er al., 2014; Sparre & Venema, 1998).

It is imperative to clarify that the K, age-dependent
approach does not constitute a novel growth equation. K,
represents an estimation procedure that discretizes the

conventional VBGM on a perage-class basis. The
assumption of # = 0 for all age classes is standard for length-
frequency-based assessments of Mediterranean small pelagics
(Gayanilo er al., 2005; Sparre & Venema, 1998) and may
slightly overestimate K, for younger cohorts; however, this
bias is systematic and does not alter the primary biological
signal—the steep, progressive decline in K, with age. The
Loo, values, estimated via Pauly’s rule (1980), have been
validated for Mediterranean small pelagics in previous studies
(Baldé, 2019; Dahel ez al, 2024; Ladaimia, 2017). The K,
approach should thus be considered as a robust, data-
parsimonious alternative for data-limited fisheries where

complex bioenergetic models (e.g., DEB, IBM) are infeasible.

Based on three converging criteria, the age-dependent
scenario for stock assessment of S. aurita along the central
Algerian coast is strongly advocated. First, Loo, closely
approaches the observed maximum size for each cohort,
whereas the conventional £00= 30.90 cm exceeds the largest
individual sampled (25.4 cm) by more than 5 cm. Second,
the progressive decline in K, (=80%) is biologically
interpretable as the onset of reproductive investment, a well-
established life-history trade-off. Third, the projected Tom of
7 years is consistent with maximum ages reported for less-
exploited Atlantic cohorts (Korichi, 1988; Szypula, 1973),
while the five resolved age classes reflect a truncated age
structure driven by intense exploitation rates. The biological
traits of S. awurita—notably rapid development and a realized
longevity restricted to 5 — 6 years under Mediterranean
fishing pressure (Dahel, 2018; Handjar, 2019; Jurado-Ruzafa
er al., 2020)—necessitates the implementation of dynamic,
adaptive management strategies. Specifically, exploitation
quotas should be calibrated against irregular recruitment
dynamics, and systematic population assessments are

imperative to anticipate rapid demographic fluctuations.

Growth parameters may be influenced by environmental
factors such as water temperature, salinity, and dissolved
oxygen levels (Kindsvater ez al, 2024; Patti er al., 2022), as
well as biological factors, including maturity and
reproduction (Casselman, 1996; Lee ez al., 2020), and biotic
interactions such as intra- and interspecific competition
(Amponsah er al, 2017). Recent studies indicate that higher
temperatures can accelerate growth in small pelagic fish, while
decreased prey availability decelerates it (Gomes ez al., 2024;
Kindsvater ez al., 2024; Patti ez al., 2022; Vasconcelos ez al.,
2024). Although these factors are not explicitly incorporated
in the current model, they significantly affect growth variables
and should be considered in future multi-factor assessments.

The estimated total mortality (Z = 3.97 year?) exceeds
rates reported in several Mediterranean and Atlantic studies
(Benamar, 2019; Bouaziz ez al, 2001; Bouaziz, 2007; Dahel
et al., 2024; Handjar, 2019; Mehanna & El-Aiatt, 2011;
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Musta¢é & Sinov¢i¢, 2011), while aligning closely with
findings from West African populations (Amponsah er al,
2017; Dienye ez al., 2022). The elevated Z value reflects the
compounded effects of high fishing pressure and the natural
vulnerability of this small pelagic species. Assessing natural
mortality (M) is complex, as it is frequently assumed constant
despite annual variations driven by environmental and
biological factors (Bjornsson ez al., 2022; Shibaev, 2023). The
conventional estimate (M = 0.39 year”) falls within the range
observed for the Algerian coast: 0.338 — 0.98 yearas reported
by Bouaziz (2007) and Handjar, (2019) and consistent with
the ranges established by Dijabali er «/ (1993), Gulland
(1969), Pauly (1980), indicating 0.30 < M < 0.6, while
adhering to the relationship K'< M < 2K. These results concur
with those of Musta¢ & Sinov¢i¢ (2012) in the Adriatic Sea.
Under the age-dependent scenario, M, decreases progressively
from 1.10 year™ at age 1 to 0.43 year" at age 5, reflecting the
well-established pattern of declining mortality with increasing
body size (Craig er al,, 2006; Sogard, 1997). The high M;
value (1.10 year?) reflects the well-documented vulnerability
of first-year juveniles to predation and environmental stress
(Fuiman & Magurran, 1994; Kraskura ez al., 2023; Sogard,
1997).

High first-year mortality is biologically coherent: juvenile
fish are particularly vulnerable to predation due to their
reduced size, rapid growth, and high metabolic demands.
This risk is amplified in warmer waters with intense foraging
competition (Fuiman & Magurran, 1994; Kraskura er al,
2023; Lindmark ez af, 2023; Parkos III & Wahl, 2010).
Standard fishery stock assessment models that ignore this age-
related variability in M risk systematically overestimating
fishing mortality for juveniles, thereby inflating estimates of

overexploitation.

Natural mortality (M) is consistently lower than fishing
mortality (F) across all age classes (Table 3), corroborating
results from previous studies on S. aurita (Benamar, 2019;
Bouaziz er al, 2001; Dahel er al, 2024). This pattern
indicates that fishing constitutes the predominant source of
mortality in this population and that stocks are likely in an
overfished state, consistent with evidence of reduced growth
potential and reduced biomass (Torri e al, 2023; Vila-
Belmonte ¢z al., 2024). Variations in M are further influenced
by geographic location, food availability, predation pressure,
and sex- and age-related factors (Butt e al, 2022; Kolliyil ez
al., 2021; Rolland & Romiguier, 2020).

Water temperature directly affects the metabolism and
vulnerability of tropical fish, increasing predation risk and
mortality rates, particularly in juvenile stages exposed to
warm-water thermal stress (Figueira ez 4/, 2019; Kraskura er
al., 2023; Le et al., 2022; Lindmark ez al, 2023; Rezende &
Carter, 2024; Zillig, 2023).

5 CONCLUSIONS

The findings of the present study indicate that the age-
dependent growth approach (K,) provides a superior,
biologically consistent framework for Sardinella aurita
compared to conventional models. This methodology
effectively aligns asymptotic lengths with observed
demographic profiles while accounting for age-specific
mortality. By reducing potential biases in fishing mortality
estimations, this model offers a critical, age-class-resolved
perspective on exploitation pressure, serving as a valuable
instrument  for data-limited fisheries ~management.
Integrating this framework with systematic seasonal
monitoring and  dynamic, recruitment-based quota
adjustments, represents a relevant pathway toward
safeguarding small pelagic resources in the Mediterranean
Sea, thereby advancing the conservation targets of Sustainable

Development Goal 14.
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