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a b s t r a c t

This is the first assessment of blackfin tuna Thunnus atlanticus stock status. The aim of the present
study was to estimate the status of its Southwestern stock using length-based models. A total of
1929 individuals was gathered in four years of length data (1998–2019). Two length-based models
were applied, Length-Based Spawning Potential Ratio (LBSPR) and Stock Synthesis Data-limited tool
(SS-DL) and five scenarios combining a set of growth parameters (asymptotic length-L∞, and growth
constant-K) were built to accommodate different life histories available in the literature. The natural
mortality (M) was estimated through four empirical methods. Given that the fishery only selects
mature fish, length at selectivity were larger than the length at first maturity and high relative fishing
mortality were found at most scenarios, even with high spawning potential ratio (SPR) values. The
LBSPR estimated higher values of SPR, it presented a steeper decline than SS-DL between 1998 and
2019. In addition, growth parameters influence the estimation of the virginal stock, and intermediate
M/K values seems to represent better the estimated length composition, given the low historical
catch of the species. A declining pattern in SPR was observed over time with a reduction of 12%
according to LBSPR and 7% decrease based on SS-DL methods. However, the overall evaluation of the
Southwestern Atlantic stock of blackfin tuna in 2019 revealed an SPR range of 0.41 to 0.63, suggesting
sustainable exploitation. Even with the limited data, we could have a proxy of stock status estimation
by using length-based models which highlights the importance of such data. However, due to the
high uncertainty of the results, better collection of catch, effort and length data should be considered.
Additionally, SS-DL seems to estimate better SPR values when variability of growth parameters are
placed for a given species.

© 2023 Elsevier B.V. All rights reserved.
1. Introduction

Stock assessment of large tunas have been performed regu-
arly, and a variety of management procedures are in place to
rotect them from overfishing (Pons et al., 2017). However,
lthough small tuna species represent 17% of total reported catch
f tuna and tuna-like species in the Atlantic to the International
ommission for the Conservation of Atlantic Tuna (ICCAT, https://
ww.iccat.int/en/accesingdb.html) only two out of 12 small tuna
pecies had their stock recently assessed in the Atlantic Ocean
Juan-Jordá et al., 2015; Pons et al., 2017, 2019a,b; Lucena-Frédou
t al., 2021). The majority of small tuna stocks are classified as
ata-limited due to the insufficient data availability to support
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E-mail address: contatolucassantoss@gmail.com (L. Santos).
ttps://doi.org/10.1016/j.rsma.2023.103061
352-4855/© 2023 Elsevier B.V. All rights reserved.
a fully integrated stock assessment model, therefore remaining
unassessed (Juan-Jordá et al., 2015; Kindong et al., 2020; Lucena-
Frédou et al., 2021; Cope et al., 2023). Since stock assessments are
the basis for taking the most appropriate management measures
to ensure a sustainable and healthy population (Punt et al., 2006;
Hilborn et al., 2020), the lack of basic knowledge makes these
species stocks vulnerable to several stressors like overfishing
and climate change effects (Pons et al., 2019b; Lucena-Frédou
et al., 2021). Furthermore, it is well known that highly migra-
tory fish, such as tunas, lack physical barriers and have weak
population structure throughout large geographic areas (Pecoraro
et al., 2018; Nikolic et al., 2020), which increases the complexity
of defining the stocks to be assessed and managed. Thus, the
urgent need for data that will support stock assessments and
consequently inform management measures is evident.

The blackfin tuna Thunnus atlanticus is one example of
unassessed small tuna species and is distributed exclusively in
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he West Atlantic from Massachusetts, USA (40◦ N) to South
razil (35◦ S) (Mahon and Mahon, 1986; Zavala-Camin et al.,
991; Cardoso et al., 2021). This species is an important target
or artisanal and recreational fisheries of many developed and
eveloping countries in the West Atlantic (e.g., Cuba, Venezuela,
ermuda, Dominican Republic, Brazil, USA) (Carles Martin, 1991;
uckhurst et al., 2001; Freire et al., 2015; ICCAT, 2006; Narváez
t al., 2017). Moreover, recent studies reported that blackfin tuna
opulations are divided in those of Northwestern (NWA) and
outhwestern (SWA) Atlantic (Saxton, 2009; Saillant et al., 2022).
ome few fishery-dependent data information are available re-
arding its stock in the NWA. For example, Lucena-Frédou et al.
2021) reported a slight decline in the mean size from 70 to 60 cm
n the purse seine catches, but a stable trend in annual mean
ength in general, and Saillant et al. (2022) reported a noticeable
ncrease of 70% in its landings from USA recreational fishing
rom the 80’s to 2019. Regarding SWA stock, a single report of
stimated catches was found from 1993 to 2001 where removals
ere 33.5 (from 16.8 to 48.6) tons a year on average (Freire et al.,
015). However, no assessment was performed for both stocks up
o date. Moreover, many tuna stocks had decreased over time in
he SWA (Lucena-Frédou et al., 2021), which increase the need
or the assessment of blackfin tuna SWA stock.

The Brazilian Exclusive Economic Zone (EEZ) holds most of
he SWA distribution area of blackfin tuna, playing an important
ole to coastal fisheries in some Brazilian regions (Freire et al.,
015). For example, in the Northeastern (Baía Formosa — RN),
his species is targeted by small hand line vessels and off North-
rn and Southwestern it is harvested as bycatch of larger tuna,
illfish, and shark longline fisheries (Vieira et al., 2005; Freire
t al., 2015). Despite the importance of blackfin tuna to food
ecurity in some locations in Brazil, continuous time series of
atch are unavailable in ICCAT database for the South Atlantic
cean. Moreover, the discontinuity in data collection is a reality
n developing countries (Reis, 1992) and this gap hampers the
pplication of more robust stock assessment models. However,
everal size samples have been collected by Brazilian research
rojects along time, which increases the amount of models to
valuate the stock status.
In addition, size composition data are more applicable than

atch data to stock assessment of small tuna species (Pons et al.,
019a; Lucena-Frédou et al., 2021). Therefore, many well-studied
ength-based assessment models can be employed for the effec-
ive management of many fish populations (Hilborn and Walters,
992), thus also to the SWA blackfin tuna stock. Two methods
ere applied in the present study, the Length-Based Spawning
otential Ratio (LBSPR; Hordyk et al., 2014, 2015) and Stock Syn-
hesis Data Limited tool (SS-DL; Cope, 2020). LBSPR is a methodol-
gy that uses representative length compositions in a population
odel based in equilibrium and compare the sampled and the
xpected unfished size structure (Hordyk et al., 2015). SS-DL
as recently created to implement many common data-limited
ethods in a single framework using the age structured Stock
ynthesis to assess data-limited stocks (Methot andWetzel, 2013;
ope, 2020).
Moreover, assuming that the size composition is represen-

ative from the exploited population, these models estimate a
iological reference point entitled spawning potential ratio (SPR),
hich is commonly used as an indicator for recruitment overfish-

ng in data-limited fisheries (Hordyk et al., 2014; Chong et al.,
019). SPR determines limits and targets referential points to
ubsidize management decisions (Brooks et al., 2010; Hordyk
t al., 2015; Sun et al., 2018; Pons et al., 2019a; Chong et al., 2019).
irginal stocks have a SPR of 100%, which decreases when the
tock is submitted to a certain fishery (Hordyk et al., 2014). Addi-

ionally, to estimate SPR values, LBSPR also use life history ratios, o

2

as M/K, F/M and Lm/L∞ (M, natural mortality; K, growth coeffi-
cient; F, fishing mortality; Lm, length at maturity; L∞, asymptotic
length) (Hordyk et al., 2014). However, this is also a problem for
blackfin tuna in the SWA, because most of life-history parameters
(e.g., L∞ and K) are estimated for NWA (i.e., Garcia and Bosh,
986; Doray et al., 2004; Adams and Kerstetter, 2014; Gutierrez,
022). Freire et al. (2015) is the single study that presents values
or SWA assessing growth parameters with length-frequency data
rom the late 90’s. Life history information is crucial to assess
ish species stocks and length-based models are very sensible
o these parameters (Hordyk et al., 2014). Additionally, M is the
ost difficult parameter to estimate in natural populations (Lee
t al., 2011). Therefore, in the present study scenarios divided by
set of growth parameters and M/K values were created to test
ncertainty of SPR estimation.
Given the commercial importance to some localities of Brazil-

an coast and the lack of information to assist in the proper
anagement of blackfin tuna stock in the Southwest Atlantic
cean, this study aimed to provide its stock status by comparing
PR values estimated from two length-based methods. Addi-
ionally, we investigated the impact of five scenarios of growth
arameters and three M/K values in the SPR to provide novel
nformation about differences of these two methods, which can
e applied to other species, including small tunas species.

. Methodology

.1. Study area and length data

The proposed methodology to assess the stock status of black-
in tuna is shown in Fig. 1. Blackfin tuna Thunnus atlanticus fork
ength (FL) data were gathered from several sources, between
998 and 2019, to assess the Southwestern Atlantic stock encom-
assing most of the Brazilian coast. The data sources included:
(a) Programa de avaliação do potencial sustentável de recursos

ivos na zona econômica (REVIZEE): a fishery-independent survey
hroughout the Northeast Brazil;

(b) Scientific expeditions to Saint Peter and Saint Paul Arch-
pelago (SPSPA): a fishery-dependent monitoring throughout the
PSPA;
(c) Landings at TAMAR/ICMBio Center – GEFMar ES/RJ Project

TAMAR): a fishery-dependent monitoring throughout the Brazil-
an states of Espírito Santos and Rio de Janeiro (Fig. 2).

Since FL data (size classes = 2.0 cm) did not follow the nec-
ssary assumptions for the parametric test, we employed the
onparametric Kruskal–Wallis test followed by Dunn’s post-hoc
o test differences among years and regions due to differences in
ishing gears employed to harvest blackfin tuna (Table 1).

.2. Life history

Five scenarios were created to test the uncertainty on growth
nd mortality parameters with data available in the literature (Ta-
le 2). All information regarding blackfin tuna growth parameters
ere included to design the Scenarios. The scenarios were formu-

ated to assess the different impacts of growth parameters across
ethods calculation and stocks in the Southwest and Northwest
tlantic regions. The selected data were maximum length, von-
ertalanffy parameters (L∞, K, and t0), and natural mortality (M).
he length at first maturity at 50% (L50) for the study area were
vailable to separated sex (females, L50 = 48 FL and males, L50 =

5, FL; Bezerra et al., 2013). The length at first maturity at 95%
L95) was estimated from the logistic curve of L50 (Bezerra et al.,
013). Therefore, the mean L50 and L95 between male and female
ere calculated. M was estimated to each scenario through the

nline tool (http://barefootecologist.com.au/shiny_m.html) with

http://barefootecologist.com.au/shiny_m.html
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Fig. 1. Flow chart of the proposed methodology to assess the stock status of blackfin tuna in the Southwest Atlantic Ocean.
Fig. 2. Study area and length composition by year and data source of SWA blackfin tuna Thunnus atlanticus stock (a, REVIZEE; b, SPSPA; c, TAMAR).
Table 1
Time-block for the selectivity parameters set in the SS-DL model for the SWA blackfin tuna Thunnus atlanticus stock (n, number of individuals; SPSPA,
Saint Peter and Saint Paul Archipelago; ES, Espírito Santo state; RJ, Rio de Janeiro state).
Time-block Years n Source Area Gear

1 1998 and 1999 410 and 491 REVIZEE Brazilian northeast Longline

2 2013 139 SPSPA SPSPA Handline

3 2019 889 TAMAR ES - RJ Pole and line
Table 2
Growth and mortality parameters of blackfin tuna Thunnus atlanticus available in literature (L∞ , asymptotic size; K, growth rate; M, natural mortality;
M/K1, M = 1.02; M/K2, M = 0.72; M/K3, M = 0.42; L∞ is described in FL (cm)).
Scenario Author Study area Method L∞ K M M/K1 M/K2 M/K3

1 Garcia and Bosh (1986) Cuba (Northeast) Dorsal spine 78 0.33 0.522 3.09 2.18 1.27

2 Doray et al. (2004) Martinique Island Otolith 71.4 0.73 1.113 1.39 0.98 0.57

3 Adams and Kerstetter (2014) USA (Florida) Otolith 95.3 0.28 0.441 2.79 1.97 1.15

4 Gutierrez (2022) Gulf of Mexico Otolith 82.4 0.37 0.572 3.64 2.57 1.50

5 Freire et al. (2015) Brazil (Northeast) Length frequency 92 0.65 0.982 1.56 1.10 0.64
four empiric models: M = aK bLc
∞

(Then et al., 2015); M = 1.5
K (Jensen, 1997); Mxm = 3 b (Jensen, 1996); M = Cma e(b/Tkelvin)
(Hamel, 2015). Moreover, to explore the influence of M/K in
length composition and SPR, M was defined as the highest (M1
= 1.02), and lowest (M3 = 0.42) values of confidence interval
and the mean (M2 = 0.72) value of the five M values estimated
(Table 2).

2.3. Length-based methods

The following length-based models were used to assess the
SWA blackfin tuna stock:

(1) Length-based Spawning Potential Ratio (LBSPR):
3

The LBSPR method is the most consistent and accurate when
compared to other length-based assessment models, according to
Chong et al. (2019). This method requires as input representative
length compositions, and the following life-history parameters:
(i) the M/K ratio, (ii) the mean asymptotic length (L∞), (iii) the L50
and (iv) L95. The model assumes logistic selectivity and estimates
the selectivity-at-length and the F/M ratio, which in turn are
used to calculate the spawning potential ratio (SPR) based on the
natural mortality (Hordyk et al., 2015).

(2) Stock Synthesis Data-Limited Tool (SS-DL):
The Stock Synthesis Data limited tool (SS-DL) is a statisti-

cal catch-at-age modeling framework that uses likelihood-based
methods allowing multiple data sources to be incorporated to
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Table 3
Models parameters and how they were treated (fixed or estimated) of the SWA blackfin tuna Thunnus
atlanticus stock (WBF, weight-based fecundity).
Parameters SS-DL SS-DL

treatment
LBSPR LBSPR

treatment

L50 (cm) 51.5 Fixed 47.12 Fixed

L95 (cm) 56.5 Fixed 51.53 Fixed

Length (cm)–weight (g) alpha 0.0128 Fixed N/A N/A

Length (cm)–weight (g) beta 2.86 Fixed N/A N/A

WBF coefficient 0.001 Fixed 0.001 Fixed

WBF exponent 1 Fixed 1 Fixed

Steepness 0.7 Fixed N/A N/A

Initial recruitment (lnR0) 8.08 Fixed N/A N/A

Time-block

1 2 3

Length at 50% selectivity (cm) 48 61 42 Estimated – Estimated

Length at peak selectivity (cm) 55 69 47 Estimated – Estimated
3

p
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t
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characterize population dynamics through time (Cope, 2020). The
SS-DL tool allows the SPR estimation by using the stock synthe-
sis framework adapted to data-limited situations. This method
requires as input a representative length composition, and the
life-history parameters as M, the von Bertalanffy growth param-
eters (L∞, K and t0), L50 and L95, the coefficients and exponents
f the weight-length and the weight-fecundity relationships, the
tock-recruitment parameters, steepness, and initial recruitment
lnR0).

The selectivity was assumed to be logistic, since fishing gears
ften select larger individuals and catch over schools. The se-
ectivity parameters were freely estimated in three time-blocks,
ince input data came from different fishing gears, regions and
ata source (Table 1). The built model also assumed constant
atch. In addition, the steepness value was fixed at 0.7, as es-
imated with the FishLife package (Thorson, 2019), while initial
ecruitment was freely estimated in the model.

.4. SPR

SPR was classified in four groups, under (>0.4), moderate
0.3 < SPR ≤ 0.4), recovering or subject to over (0.2 < SPR ≤

.3), and over exploitation (≤0.2). Two of these categories have
een employed as a target (0.3–0.4) and limit (0.2) reference
oints to an accurate and proper removal of the stock (Mace and
issenwine, 1993; Mace, 1994; Clark, 2002).
All statistical analysis were performed using R (version 3.4.4).
e employed the packages LBSPR (Hordyk et al., 2015; https:

/github.com/AdrianHordyk/LBSPR) to apply LBSPR model and the
4ss (‘‘R Code for Stock Synthesis’’ Taylor et al., 2022; https://
ithub.com/r4ss/r4ss) to apply SS-DL (Cope, 2020; https://github.
om/shcaba/SS-DL-tool.git).

. Results

.1. Length data

Fork length (FL) data was available to 1929 individuals from
andings samplings between the years 1998, 1999, 2013 and
019. FL ranged from 30.3 to 109 cm (60.76 ± 9.51), and the mean
L differed among years with the most recent one presenting the
owest mean length (Kruskal–Wallis = 700.6; df = 6; p = 0).
4

.2. Length-based approaches and life history

Length data were considered representative of blackfin tuna
opulation due to the large number of individuals sampled each
ear and the normal distribution of each size composition. In
ddition, the fit of the modeled size composition to the observed
ata was considered satisfactory to all years, models and scenar-
os (Supplementary material 1). Table 3 shows parameters used
o all scenarios by the LBSPR and SS-DL methods.

.3. M/K and F/M ratios and selectivity

With the employment of different scenarios, a good distribu-
ion of M/K values were found, which increases data reliability
Supplementary material 2). A logistic selectivity curve was em-
loyed to estimate length at 50% and 95% at first capture (SL50

and SL95, respectively) by year. Although were found differences
among scenarios in selectivity, all scenarios presented higher
length at first capture than length at first maturity used as input
(L50 = 51.5 FL and L95 = 56.5 FL; estimated from Bezerra et al.,
2013) and a slight decrease of 1 cm in SL50 and 1.3 cm in SL95 in
average (Fig. 3a, Supplementary material 3). However, the only
scenarios with F/M < 1 were the Scenario 1 to all time-series
and Scenario 2 for the late 90’s, both with the highest mortality.
In addition, the first four scenarios presented F/M between 0.69–
9.88 and Scenario 5 presented the highest values of F/M found in
the class of 15–20 with the lowest mortality and higher variation
to all time series (Fig. 3b).

3.4. SPR

SPR output differed between methods. LBSPR shows higher
values than SS-DL to all time-series, with the exception of Sce-
nario 5. However, LBSPR results show high variability between
different mortalities and life-history scenarios. Additionally, LB-
SPR showed a more marked depletion in the average SPR from
0.62 to 0.40 (12%) while and SS-DL showed a slight decrease from
0.43 to 0.30 (7%). In 2019, the LBSPR model indicated that 60%
of Southwestern Atlantic blackfin tuna stock scenarios demon-
strated to be underexploited, 20% fell within the range of 0.3 and
0.4, 20% within 0.2 and 0.3 and 20% were classified as overex-
ploited. On the other hand, when the SS-DL model was utilized
26.7% of scenarios showed an underexploited stock, 26.7% had an
SPR within the target of 0.3–0.4, 20% fell within the range of 0.2
and 0.3, and 26.6% showed overexploitation (Fig. 4).

When comparing the SPR for the same scenarios throughout
the time, the LBSPR showed a decrease of 0.95 to 0.80 in the

https://github.com/AdrianHordyk/LBSPR
https://github.com/AdrianHordyk/LBSPR
https://github.com/AdrianHordyk/LBSPR
https://github.com/r4ss/r4ss
https://github.com/r4ss/r4ss
https://github.com/r4ss/r4ss
https://github.com/shcaba/SS-DL-tool.git
https://github.com/shcaba/SS-DL-tool.git
https://github.com/shcaba/SS-DL-tool.git
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t

Fig. 3. Length at 50% (SL50) and 95% (SL95) at first capture (a) and relative fishing mortality (F/M) (b) at first the SWA blackfin tuna stock by LBSPR model (red
line, F/M = 1). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
Fig. 4. SPR by year with the available length composition data estimated by LBSPR (a) and SS-DL (b) models to SWA blackfin tuna Thunnus atlanticus stock according
o different estimations based in length (green, SPR > 0.4; yellow, 0.3 < SPR ≤ 0.4; orange, 0.2 < SPR ≤ 0.3; red, SPR ≤ 0.2; dashed line, SPR = 0.2). (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
most optimistic scenario and of 0.14 to 0.07 in the most pes-
simistic scenario from the late 90’s to 2019 (Table 4). Additionally,
Scenario 5 shows very low SPR values when estimated in LB-
SPR diverging from the other scenarios whose parameters were
estimated in the NWA. The SS-DL resulted in lower SPR values
when compared with the LBSPR method, and lower variability
among different mortalities and model scenarios. However, when
comparing the results for the same scenarios through time, the
SS-DL showed smaller changes from 0.68 to 0.56 in the most
optimistic scenario and from 0.37 to 0.16 in the most pessimistic
scenario from the late 90’s to 2019 (Table 4).

The LBSPR method estimated a greater decrease of 12% in av-
erage of the SPR, while the SS-DL estimated a slight decreased of
7% in average of SPR from late 90’s to 2019. Overall, blackfin tuna
in the Southwest Atlantic is being properly exploited. However,
there is a recognized need for enhanced efforts in data collection
to mitigate the potential for future overexploitation.

3.5. Virginal stock composition

Differences were found among scenarios and M/K when com-
pared the estimated virginal and current length composition
with LBSPR. All estimated virginal composition increased the fre-
quency of larger individuals (>80 cm) when lower values of M/K
were employed. The same is true for the scenarios, which Sce-
nario 1 showed the lowest and Scenario 5 the highest frequencies
of larger individuals (>80 cm) due to input values of L∞ found
in literature for blackfin tuna. In addition, the highest and mean
5

values of M/K seem to estimate more realistic frequencies of
individuals to the observed length composition (Supplementary
material 4).

4. Discussion

In the present study was provided, for the first time, evidence
of the status of the Southwest Atlantic blackfin tuna stock by
comparing the spawning potential ratio (SPR) estimated with two
length-based methods. Both methods resulted in similar trends of
decreasing SPR through time, despite differences on the absolute
values and the rate of changes.

Many factors may influence the accessibility of data necessary
for an accurate stock assessment of fish species, such as discon-
tinuity of data collection, species misidentification and their low
commercial value (Arocha et al., 2012; Fenton et al., 2015; Freire
et al., 2015). However, in this study were gathered four years of
size composition from three data sources throughout the SWA
blackfin tuna stock distribution. These data were considered rep-
resentative of blackfin tuna population due to the large number
of individuals sampled each year and the normal distribution of
each size composition. In addition, size composition and mean
size differed among years and regions, indicating differences in
blackfin tuna catch composition in the SWA. These discrepancies
are related to distincts geographical areas, collection timeframes
and the implementation of diverse fishing gears to capturing
blackfin tuna in the SWA (Fenton et al., 2015).
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Table 4
SPR by scenario, M/K and estimated by LBSPR and SS-DL models to SWA blackfin tuna stock according to different
estimations based in length (green, SPR > 0.4; yellow, 0.3 < SPR ≤ 0.4; orange, 0.2 < SPR ≤ 0.3; red, SPR ≤ 0.2;
M/K1, M = 1.02; M/K2, M = 0.72; M/K3, M = 0.42).
In order to account for the variablity in gear types and data
ources for length data, three time-blocks were used in the SS-
L model for selectivity parameters. This approach successfully
ielded satisfactory fits to the observed length compositions.
owever, in LBSPR a single curve of selectivity was employed to
ll time-series. Moreover, SS-DL model incorporates parameters
uch as steepness and recruitment, which are not necessary in the
BSPR. Therefore, the notable disparities observed in the outputs
f different models can be attributed to the distinct approaches
mployed by each model in addressing selectivity, as well as the
ncorporation of more complex life history relationships within
he SS-DL. LBSPR presented higher variability in the estimated
PR values throughout the time-series compared to SS-DL. This
ay happen due to the effect and importance of parameters to
BSPR model, which is very sensible to input parameters (Hordyk
t al., 2014). Therefore, when high variability of parameters is
ssigned for a given species, SS-DL shows better performance
iving a less biased estimation of SPR. However, LBSPR presents
ess SPR variation for more depleted populations (Hordyk et al.,
015). Consequently, Scenario 5 displays less variability among
ortalities compared to the other scenarios.
The M/K ratio influences the shapes of the unfished length

omposition and the von Bertalanffy curve is directed related
o the SPR (Hordyk et al., 2014). Although the range of M/K
eported in the literature for fish varies a lot (Pauly, 1980; Bev-
rton, 1992), the M/K = 1.5 is often used when data are not
vailable for all parameters (Hordyk et al., 2014). However, M/K
alues were specified, so the main bias was associated with the
stimations of L∞ due to the approximation using maximum
bserved length. We found significant divergence among and
6

within scenarios between models, by examining a wide range
of M/K (0.5–3.4). The reported effects of misspecifying L∞ and
M/K have the potential to induce failures in the classification
of stock status and subsequent management recommendations
(Medeiros-Leal et al., 2023). Additionally, the great variation of
M/K values employed shows the variability of M in each scenario.
Life history as expressed in the M/K ratio proved to be a valueble
predictor of length-based mortality estimators, demonstrating
superior performance in high-M/K scenarios compared to low-
M/K scenarios (Huynh et al., 2018). In situations characterized
by low M/K, both length-based methods presented notably low
SPR. The efficacy of length-based methods is strongly affected
by the M/K ratio exhibiting suboptimal performance at low M/K
scenarios (Hordyk et al., 2015; Huynh et al., 2018). Huynh et al.
(2018) futher indicated that in low-M/K situations length-based
methods are prone to positive bias, leading to the overestimation
of mortalities even in equilibrium conditions. These findings raise
concerns regarding the application of length-based methods in
populations with low-M/K characteristics. When M/K is low, the
peak of the length-frequency distribution may not correspond to
the true length of full selectivity. Thus, scenarios with intermedi-
ate and high-M/K values would be considered more appropriate
to assess blackfin tuna SWA stock.

A logistic selectivity curve was assumed, revealing that in all
examined scenarios, the lengths at selectivity (SL) were consis-
tently greater than the lengths at maturity (Lm). When length
at selectivity is higher than maturity, fishing gear do not target
immature fish and selects larger individuals. This selection strat-
egy allows smaller individuals to reproduce at least once prior to
being caught, thereby mitigating fishing impact and contibuting
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o the sustainability of the spawning biomass (Froese, 2004).
owever, a slight decline in SL values (1.0 and 1.3 cm) over
ime was observed in the majority of the scenarios. Moreover,
significant proportion of the scenarios exhibited considerably
igh values of F/M and the M/K ratio. The F/M ratio can serve
s an indicator of the relative intensity of fishing pressure, as it is
ommonly utilized as a proxy for fishing at maximum sustainable
ield (e.g., FMSY = 0.75; Zhou et al., 2012) by employing a scalar
ultiple of M. Therefore, differences found in relative fishing
ortality explain the uncertainty associated to the current SPR
stimation by LBSPR model, since different reduction of individ-
als in each length class compared to the virginal composition
lasses results in different SPR values. Moreover, since fishing
ear only selects mature individuals, a sustainable fishery (high
PR) with very high F/M may be present, and SPR values declining
t a slower rate, requiring much higher F/M values to reduce
PR under 0.4 (Hordyk et al., 2014), which is the case for most
cenarios. In addition, SS-DL revealed that SL was lower than Lm
n 2019 (Table 3). This may happen due to the recent blackfin
una expansion in the SWA to the Brazilian South, which adults
ndividuals are being caught increasingly more throughout the
ime (Cardoso et al., 2021).

Five scenarios were implemented in the analysis (Table 2).
cenario 1–4 were structured based on parameter estimates de-
ived from the NWA and Scenario 5 was the only scenario rep-
esenting parameters estimated using samples from the SWA.
he purpose of integrating NWA life history information with
WA length composition was to assess the uncertainty associ-
ted with growth and mortality parameters in the assessment
f blackfin tuna stock, since information about blackfin tuna
opulation dynamics in the SWA remain poorly assessed with
ew studies addressing this issue (Bezerra et al., 2013; Freire
t al., 2015). Scenario 5 demonstrated the lowest values of SPR
mong scenarios, with a particularly pronounced disparity when
stimated by LBSPR model. This discrepancy was accompanied by
he highest and potentially unrealistic values of F/M. It is impor-
ant to note that the growth parameters used in the Scenario 5
ere estimated solely from length only methods, which requires
everal assumptions, such as short and well-defined reproductive
eason, fast growth in the early ages and distinct modal length
istributions. However, these assumptions may not accurately
eflect the characteristics of blackfin tuna. This highlights the
eed for growth studies that employ using more precise ageing
echniques.

Regarding the SPR values, Scenario 1 presented the most opti-
istic and Scenario 5 the most pessimistic values, while Scenarios
–4 showed intermediate values of SPR. These differences may
e related to the relationship of L∞ and K parameters of the
on Bertalanffy function found to be negatively correlated for
he most part of fish species (Xiao, 1994; Pilling et al., 2002).
herefore, Scenario 1 is more optimistic due to relatively low
alues, and Scenario 5 is more pessimistic due to high values of
oth L∞ and K parameters. Thus, differences may be attributed
o distinct growth patterns exhibited by the two stocks under in-
estigation, as well as variations in the methodologies employed
mong studies (e.g., spines, otoliths, length-composition), which
an influence the estimation of the SPR values. Overall, Scenario
with intermediate M/K values might represent better the vir-
inal composition of blackfin tuna SWA stock, since most part
f the adults are selected by the fishing gears (Supplementary
aterial 4). Therefore, considering the intermediate M/K values
f Scenario 1, the analysis reveals that blackfin tuna in 2019, the
ost recent year examined, exhibit a range of SPR values between
.63 and 0.41, as estimated by both LBSPR and SS-DL methods.
Moreover, the LBPSR seems to be more optimistic, with 80%
f the scenarios indicating an underexploited (SPR > 0.4) or

7

oderately exploited (0.3 < SPR ≤ 0.4) stock. The estimates from
S-DL are more pessimistic, with just 53.4% of scenarios indicat-
ng the same exploitation. Both methods indicate values below
.2 towards the end of the time series, suggesting a potential
isk of over-exploitation. Moreover, the trend in SPR values from
BSPR seems to be more reasonable throughout the years, con-
idering the scarcity of harvest records for blackfin tuna in SWA
ince 1960 (Lucena-Frédou et al., 2021). However, SPR results
btained from SS-DL should be given due consideration, given
o the considerable variability in SPR estimations by LBSPR, and
he presence of high relative fishing mortalities (F/M > 1) across
ost scenarios. Therefore, considering Scenario 1 from SS-DL, we
ay classify blackfin tuna SWA stock within the acceptable levels
f exploitation (SPR > 0.4). However, any direct fishing effort
r mortality without management actions would likely put the
tock at risk of falling below the 20% SPR critical threshold and
ecoming overexploited.
The fidings of this study highlight the need of accurately

stimating life history parameters and implementing regular data
ollection initiatives for blackfin tuna in the SWA due to enhance
he assessment of its stock status. Although data-limited models
erve as the most viable approach for estimating stock status of
pecies with limited data availability, it is crucial to acknowl-
dge their limitation, such as the utilization of limited annual
ength data as time-series, and the associated uncertainties in life
istory parameters. Therefore, despite SPR ranged from 0.41 to
.63, indicating a sustainable level of exploitation (SPR > 0.4)

for the SWA blackfin tuna stock in 2019, it is recommended
to allocate additional efforts towards monitoring landings, col-
lecting length composition sample and reporting catch data for
blackfin tuna. This becomes particularly important considering
the potential overexploitation faced by some larger tuna species
(Lucena-Frédou et al., 2017a,b). Futhermore, studies investigating
accurately the life history of blackfin tuna, with especic focus on
growth parameters in the Southwest Atlantic, should be encour-
aged as these parameters significantly impact the model stock
status estimation.
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