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Abstract :

Motorized trawling was banned off part of the Brazilian coast in 1990 due to environmental impacts, thus
artisanal fishermen adopted large beach seines as an alternative. No impact assessments have been
conducted on any species; therefore, we examined the life history and stock status of shorthead drum,
Larimus breviceps, a primary bycatch in tropical shrimp fisheries. Between 2016 and 2017, 969 shorthead
drum were collected and analyzed using ELEFAN-based models. Females were larger, more abundant,
and older than males. Capture rates of juvenile were high, and no mega-spawners were found. Integrated
stock assessment indicated slight overexploitation and growth overfishing. Increased yield per recruit was
indicated by high length at first capture. Shorthead drum segregate ontogenetically by size. Growth,
mortality, and longevity may be temperature-influenced. We found that beach seine fisheries may impact
shorthead drum by population depletion and potential disruptions to reproductive capacity and
recommend further studies and management to improve sustainability.

Keywords : depth segregation, growth overfishing, life history, management, mega-spawners,
overexploitation
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Introduction

Small-scale fisheries employ over 90% of the world’s fishers and play a critical socio-
economic role in coastal communities worldwide, especially in developing countries (Schubauer
and Sumaila, 2016). These operations make significant contributions to global fish production
and food security (Berkes et al., 2001; Dyck and Sumaila, 2010). The scope of these fisheries
includes a diverse array of fishing practices, typically implemented at local or community levels,
and vary in scale, technological utilization, and organizational structure (Berkes et al., 2001;
Frawley etal., 2019). Predominantly, these operations are conducted by individual fishers or small
groups, often reliant on local knowledge and traditional practices. Capital investment is typically
limited, and methods, passed down through generations, foster a profound connection to cultural
heritage and local ecosystems (Berkes et al., 2000; Rousseau et al., 2019).

Fishing communities in Brazil comprise more than 1.5-million people and play a
significant role in national seafood harvest that accounts for ~70% of total harvest (Dornelas,
2015). These communities heavily rely on fishing income and often depend on bycatch as a source
of sustenance (Tischer and Santos, 2001; Passarone et al., 2020). Within the bycatch, species
belonging to the Sciaenidae family constitute ~20% of overall marine fish landings in Brazil
(Chao et al., 2015). However, these populations are declining due to intense fishing exploitation
and other anthropogenic activities (Vasconcellos and Haimovici, 2006; Nunoo and Nascimento,
2015). Among affected species, small Sciaenids (<20 cm of total length) are particularly impacted
by cumulative effects of overfishing, habitat degradation, pollution, and climate change
(Haimovici and Mendonga, 1996; Isaac et al., 1998). In addition, given their low commercial
value, small Sciaenids are frequently overlooked in scientific surveys and management policies.

The shorthead drum, Larimus breviceps Cuvier, 1830, is a small-sized Sciaenidae with a
maximum recorded length of 32.5 cm (Aparecido et al., 2019) that is predominantly found in
coastal areas and classified as a high-risk marine migrant species using estuaries to feed and
spawn (Elliot et al., 2007; Santos et al., 2021; 2022). Its distribution spans the West Atlantic
region from Costa Rica to Santa Catarina in Brazil (Cattani et al., 2011). The shorthead drum
holds significant socioeconomic importance, as bycatch and a food source for fishing crews and
local communities (Lira et al., 2022; Bomfim et al., 2019; Silva-Junior et al., 2019). In artisanal
beach seining fisheries in Brazil, this species can comprise up to 28% of total biomass (Freitas et
al., 2011; Santos et al., 2021). However, despite its ecological and socioeconomic significance,
understanding of basic life history of shorthead drum is limited, because research has been
focused on specific locations, such as southern Brazil (Bessa et al., 2013; Aparecido et al., 2019)
and the Caribbean Sea (Garcia and Duarte et al., 2006). This knowledge gap hinders a
comprehensive assessment of stock status and conservation needs of this species.

In 1990, use of motorized trawling off Paraiba coast in Northeast Brazil was prohibited
due to its adverse environmental effects (ordinance IBAMA n° 833/1990). However, a few
months later, artisanal fishermen introduced the large beach seine as an alternative method for
shrimp harvesting. While implementation of the large beach seine was intended to be a more
sustainable solution, with reduced damage to the seafloor than motorized trawling, large beach
seining still negatively impacts juvenile fish (Passarone et al., 2020) that are often disregarded
and remain unassessed. For example, despite the critical role of large beach seining in providing
income and ensuring food security for local communities, no comprehensive stock assessment
has been conducted to evaluate effects on target and bycatch species. Neglecting to assess impacts
can lead to severe long-term consequences for ecosystems and local subsistence activities,
including overfishing and declining yield (Hsieh et al., 2010; Pelage et al., 2021). Therefore,
studies of population dynamics and stock status are needed identify and monitor impacts of large
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beach seining. Such research is essential for understanding the extent of impacts and to implement
management strategies to mitigate impacts.

Studies of large beach seine fisheries are challenging due to scarcity of information that
hampers application of conventional stock assessment methods reliant on catch and effort data.
These methods are robust for informing management strategies (Dowling et al., 2019; Prince and
Hordyk et al., 2019). Nevertheless, length-based stock assessment methods have emerged in
recent decades as alternatives to estimate stock status of data-limited fisheries (Costello et al.,
2012). These methods have been successfully applied in data-limited fisheries worldwide (Quinn
and Deriso et al., 1999; Cope et al., 2023), by providing reliable estimates (Pons et al., 2019;
Santos et al., 2023) and enhancing management practices. Use of length-based approaches can
enable management of data-limited fisheries (Costello et al., 2012; Dowling et al., 2016), thereby
supporting implementation of precautionary measures based on informed decision-making. This
approach offers a viable means to improve management and conservation of large beach seine
fisheries, despite limited availability of catch and effort data.

In the present study, we estimated life-history characteristics of shorthead drum captured
by beach seining. Our primary objective was to evaluate the current stock status of the shorthead
drum population using length-based assessment models, despite limited availability of data. By
employing data-limited models, we provided valuable insights into the abundance, distribution
(including growth comparisons with previous studies), and potential vulnerabilities of the
shorthead drum population. This research offered a unique perspective on the species and
contributed to understanding of population dynamics. Our findings have important implications
for management and decision-making. Our results provided guidance for future studies and
actions aimed at ensuring sustainability of beach seining and the shorthead drum stock. Our
recommendations encompassed sustainable management strategies, conservation measures, and
potential harvest regulations that can help to ensure long-term viability of beach seining and
preservation of the shorthead drum population. Ultimately, insights aimed to support effective
decision-making in support of fisheries management.

Methods

Study area and Sampling

Larimus breviceps were collected by beach seining in the local artisanal fishery at the
Lucena beach (6°89°96.69” S, 34°86°17.04” W), in Paraiba state, from December 2016 to
November 2017, except in May, due to meteorological events that hampered fishing (Fig. 1). The
beach seine had a side length of 2-cm body mesh, 1.5-cm cod-end mesh, entrance dimensions of
120-m horizontal x 6-m vertical, deployed from a small, non-motorized craft, the predominant
fishing mode in the region for catching shrimp. Sampling for 50 minutes from the moment of
deployment to the end of fishing was performed monthly at a depth of 6 m to the surf zone. Once
collected, specimens were immediately put on ice, transported to the laboratory, and stored in a
freezer (—18°C) until analysis.
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Figure 1. Study area in the coastal of state of Paraiba, northeastern Brazil, where shorthead drum, Larimus

breviceps, were harvested by beach seine from December 2016 to November 2017. Black dots represent
the fishing method (adapted from Passarone et al., 2019).

Biological measurements

For each specimen, total length (TL, cm) was measured, and sex was identified from
gonad observation. Sex ratio was tested for significant deviations from 1:1 with a y? test (p < 0.05)
(Dagnelie, 1975) for juveniles shorter than Lso and adults longer than Lso; Santos et al., 2021).

Growth and longevity

Length-frequency data was analyzed using Electronic Length Frequency Analysis with
genetic algorithm using bootstrapping with 1000 runs (ELEFAN_GA_Boot) (Schwamborn et al.,
2019) and moving average (MA) of 5 for reconstructed length-frequency data grouped in 1-cm
classes. This ELEFAN-based method considers (i) sample size and structure; (ii) variability in the
population; and (iii) sampling uncertainty of individuals, considering sample size and precision
of the method. Additionally, ELEFAN implemented in TropFishR and fishboot does not estimate
the parameter to (theoretical age at length zero), but returns a parameter called tanchor, the fraction
of the year where yearly repeating growth curves cross length equal to zero (Mildenberger et al.,
2017). However, this parameter may not impact the growth model (Zhou et al., 2022), therefore
the von Bertalanffy growth function (VBGF) was fitted to size-at-age data of males, females, and
both sexes of L. breviceps L; = L,[1 — e X(¢=tanchor)| where L, = the total length (cm) at age t
(in years), L, = the theoretical asymptotic length (cm), and K = the growth constant (year ).
Growth parameters were compared between sexes using the two-tailed Mann-Whitney test. This
model was applied to adjust the somatic growth for the complete data set to determine asymptotic
length (L), growth constant (K), and growth performance index (¢') parameters, and confidence
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intervals (95%) for males, females, and both sexes combined, using the same search space
regardless of sex (L, = 20t0 30, K =0to 1 and to = —1 to 0). Longevity (Ao.gs) Was estimated
(to+2.996)

using the formula of Taylor (1975): A 95 = P

Mortality and exploitation rate

Growth parameters for both sexes combined were used to estimate total instantaneous
mortality (Z) using a linearized catch curve (Pauly and Munro, 1984). ANCOVA was used to
compare Z between sexes. Instantaneous natural mortality (M) was estimated using growth
parameters and the online tool (http://barefootecologist.com.au/shiny _m.html). Natural mortality
was defined as the median value calculated through the combination of natural mortality values
created by each method (supplementary material 1). Instantaneous fishing mortality (F) and
exploitation (E) were estimated from Z and M by:

F=Z-M

E=—
Z

where E > Emsy Was considered overfishing, E < Emsy was considered underfishing and E = Engy
was maximum sustainable yield (MSY) (Pauly, 1987).

Length-based approaches

Selectivity was assumed to be logistic, and recruitment was assumed to be constant,
because mesh size of beach seining was less likely to retain smaller fish than larger fish within
schools. Length-based models were used to assess shorthead drum exploitation status:

Indicators of overfishing

The length at which fish become vulnerable to the gear (L) was defined as the length at
which 1% of individuals were retained by the gear (Froese et al., 2018). Length at first capture
(Lc) was estimated as the length corresponding to 50% and 95% capture probability from the
accumulated capture curve (Pauly and Munro, 1984). Three indicators of overfishing were
estimated from the length composition of captured fish (Froese 2004): (i) the percentage of mature
individuals captured (goal = let 100% of adult fish spawn at least once before being harvested);
(i) the percentage of fish within the optimum size range (goal = catch 100% of fish within £10%
of the optimum length), estimated by the equation,

(3+()

where Loy = optimum length; and (iii) the percentage of mega-spawners (goal = harvest 0% of
mega-spawners), calculated by,

Lopt = Ly X

Mega = Loyt + 0.1 X Ly,
Yield per recruitment (Y/R) model

The Beverton-Holt (1966) yield/recruit model (Y/R) was used to estimate the fishing
mortality rate of the stock at 50% of virgin biomass (optimum yield = Fos), the fishing mortality
at 10% of the slope at the origin of the Y/R curve (maximum economic yield = Fo1), and fishing
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mortality at maximum sustainable yield (Fmsy). Corresponding exploitation rates (Eos, Eo1 and
Emsy) Were also estimated. This is considered the most conservative and reliable estimate to
guarantee sustainability of a fishery (King, 2007). In addition, the Thompson and Bell (1934)
model was used to estimate the impact of adjusting Lc values and changing fishing mortality and
exploitation rates in the Y/R.

All statistical analysis used R version 4.2.3 (Team, 2023). Length-frequency data was
analyzed using Fishboot (“Bootstrap-based methods for the study of fish stocks and aquatic
population”; Schwamborn et al., 2019 https://github.com/rschwamborn/fishboot); and Beverton-
Holt and Thompson-Bell models were analyzed using TropFish R (“Tropical Fisheries Analysis”;
Taylor and Mildenberg, 2017 https://github.com/tokami/TropFishR) .

Results

Life history parameters

Of 969 L. breviceps collected, 549 were female (56%) and 420 were male (44%). Females
predominated as adults (1:0.53; > = 16.891, df = 1, p = 3.959¢7). Total length ranged from 4.2 to
23 cm, with females ranging from 4.3 to 23 cm, and males ranging from 4.2 to 22.8 cm. Females
(11.31 +2.94 cm; mean = SD) were larger than males (10.46 +2.62 cm; Kruskal-Wallis, y* =
25.412, df = 1, p<0.05; Fig. 2)

15 M Female Male

Relative Frequency (%)

Total Lenght {cm)

Figure 2. Length-frequency of male and female shorthead drum, Larimus breviceps, harvested by beach
seine off the coast of Paraiba state, Northeast Brazil, from December 2016 to November 2017 (dashed black
line, L50 = 11.1; Santos et al., 2021).

Asymptotic length L. ranged from 22.23 to 27.2 and differed between males and females
(W = 410169, df = 1, p = 3.488 e?) and instantaneous growth K ranged from 0.64 to 0.76 and
differed between males and females (W = 553098, df = 1, p = 3.924e5; supplementary material
2), whereas tanchor ranged from —0.30 and —0.51 but did not differ between males and females (W
=500072, p = 0.9956; supplementary material 2) (Tab. 1). Furthermore, there were no significant
differences in instantaneous natural mortality M and instantaneous mortality Z between males
and females (W =14, df = 1, p = 0.1143; and F = 0.008, df = 1, p = 0.9289, respectively). As a
result, there were also no significant differences in instantaneous fishing mortality F and
exploitation rate E (Tab. 1). Estimated mortality and exploitation rates for both sexes combined
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were Z = 2.71 years? (SE £ 0.29), M = 1.17 years?, F = 1.54 years?, and E = 0.56 year*
(Supplementary material 4).

Table 1. Asymptotic length (L), instantaneous growth coefficient (K), theoretical age at length=0
(tanchor), growth performance index (¢'), longevity (Acgs), instantaneous natural mortality (M),
instantaneous fishing mortality (F), instantaneous total mortality (Z), and exploitation rate (E) for
female, male, and both sexes pooled shorthead drum, Larimus breviceps, harvested by beach seine
off the coast of Paraiba state, Northeast Brazil, from December 2016 to November 2017.

Sex Lo K tanchor ¢ Aogs M F z E
Females 27.20 0.76 -0.30 275 3.63 1.18 142 260 0.54
Males 2223 0.69 -049 255 354 111 132 243 0.54
Pooled 2322 064 -051 254 388 117 154 271 0.56

Length-based assessment

Indicators of overfishing

Mean lengths at 50% (Lc50) and 95% (Lc95) of first capture were 10.48 cm and 14.53
cm for males, and 11.34 cm and 16.03 cm for females, and differed between sexes (t = 9.59; df =
212; p<0.05). For both sexes combined, Lc50 = 11.05 cm and Lc95 = 15.2 cm (Supplementary
material 4 and Fig. 3). For both sexes combined, fish first recruited to the gear at 6 cm, the
maximum observed length (Lmobs) Was 22.8 cm, the estimated optimum length (Log) was 21 cm,
mega-spawners (Mega) were 23.4 cm, and the maximum length published (Lmrr) was 32 cm (Fig.
3). Adults comprised 50% of the catch (Lso, Santos et al., 2021).
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Figure 3. Cumulative frequency of shorthead drum, Larimus breviceps, harvested by beach seine off the
coast of Paraiba state, Northeast Brazil, from December 2016 to November 2017 (L, = length of first
recruitment to the gear; Lcso = mean length at 50% first capture; Lso = mean length at 50% first maturity
(Santos et al., 2021); Lces = mean length at 95% first capture; Lmobs = maximum observed length; Lopt =
optimum length; Mega = mega-spawners; Lmrr = maximum length in the literature (Aparecido et al., 2019).

Yield per recruit

Estimated rates of fishing mortality and exploitation were higher than estimated
sustainable thresholds (Tab. 2; Fig. 4). In addition, larger length at first capture led to higher yield-
per-recruit and lower fishing mortality and exploitation rates at existing fishing mortality (Fig. 5).
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Table 2. Fishing mortality and exploitation rates to reference points of shorthead drum, Larimus breviceps,
harvested by beach seine off the coast of Paraiba state, Northeast Brazil from December 2016 to November
2017.

Reference points  Current 0.5 0.1 MSY
Fishing mortality 1.54 0.45 1 1.2
Exploitation 0.56 0.27 0.46 0.5
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Figure 4. Yield- (black line) and biomass-per-recruit (blue line) of shorthead drum, Larimus breviceps,
harvested by beach seine off the coast of Paraiba state, Northeast Brazil from December 2016 to November
2017 (black dashed line and dot, current fishing pressure: F = 1.54).
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Figure 5. Yield-per-recruit (g) of different fishing mortality (a) and exploitation (b) rates in relation to mean
length at first capture of shorthead drum, Larimus breviceps, harvested by beach seine off the coast of
Paraiba state, Northeast Brazil (black dashed line and dot, current fishing mortality and exploration rate: F
=1.54 and E = 0.56).

Discussion

The large beach seine fishery in Lucena encompasses an area that extends up to 600 m
from the coast to a depth of 6 m beyond the surf zone that covers the first isobath into the 10-m
depth range (Coutinho and Morais, 1970). The shorthead drum inhabits diverse habitats during
its life, including estuaries, surf zones, and depths of up to 60 m (Cervigon, 1993; Santos et al.,
2021, 2022). In Lucena, the large beach seine fishery operates in areas that encompass multiple
habitats used by the shorthead drum, which results in a bimodal length distribution divided at the
length at first maturity. This indicates that the shorthead drum population segregates by size based
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on depth, with smaller individuals being more prevalent in shallower waters. Moreover, beach
seine catches did not include mega spawners, which suggests that larger individuals resided in
waters deeper than the reach of the fishing gear (Fig. 6). This pattern of size distribution is similar
to other coastal species, such as Lutjanid and Sciaenid fishes, where larger individuals are
commonly found in deeper waters (Szedlmayer and Lee, 2004). This information is important for
fisheries management, particularly for designing and implementing fishery exclusion zones as
part of ecosystem-based approaches. Understanding the depth distribution and size composition
of target species is crucial for effective management strategies aimed at conserving and sustaining
coastal fish populations.

Juveniles

Adults
Adult stock

Figure 6. Spatial distribution by size of Larimus breviceps and operating area of beach seining in Lucena,
Paraiba.

Sexual dimorphism is a common in fish species, wherein females grow larger and live
longer than males (Gerking, 1957). We found significant differences between sexes in overall and
adult sex ratios, length composition, and growth parameters, which indicate that females are more
abundant, reach larger size at a faster rate, and live longer than males. Further, males were
captured at an earlier age than females. Larger and more abundant females likely contributed to
enhanced reproductive success and survival of offspring (Winemiller and Layman, 2005).
Furthermore, despite faster growth and older age of females, males exhibited similar allometry
and ecomorphology as females (Santos et al., 2021; 2022). This consistency in geometric growth
facilitates implementation of management actions, such as Bycatch Reduction Devices (BRD), to
mitigate impact of fishing mortality on the shorthead drum population.

Growth of shorthead drum we observed in northeastern Brazil was similar to previous
studies in southeastern Brazil (Bessa et al., 2013; Aparecido et al., 2019), but differed from
populations in the Caribbean Sea and Northwest Atlantic (Garcia and Duarte, 2006). Interestingly,
growth in the Northwest Atlantic was similar to a congeneric species, L. fasciatus (Standard and
Chittenden 1984; Ross 1978) (Fig. 7). Most studies used length-frequency methods (except Ross,
1978), so differences in growth curves among these different regions can be attributed to: a)
differences in temperature, despite all regions being within the tropics, because colder waters
would influence growth (Tarkan and Vilizzi, 2015); b) differences in size of fish sampled in each
area, wherein larger samples may lead to higher L., and lower K (Barr et al., 2008); c) presence
of multiple stocks; d) differences in collection periods; and e) selectivity of different fishing gears
(Lucena and O’Brien, 2001) (Tab. 3).
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Figure 7. von Bertalanffy length-age curves of Larimus breviceps and L. fasciatus from the present study
and other published studies.

Table 3. Growth parameters, periods of collection, size range and fishing strategy of Larimus breviceps and
L. fasciatus from the present study and by different authors (BS = beach seining; MT = motorized trawling).

: Size -
Species Author Perlod.of range Fishing K to
collection strategy
(cm)
Present study 2016 — 2017 4.2-22.8 BS 2322 064 -0.51
L brevicens Aparecido et al., 2019 2007 -2017 11-325 MT 3413 03 -04
' P Bessa et al., 2013 2003-2004 35-20.7 MT 3225 0.72 -0.21
Garcia and Duarte, 2006 1995-1998 11-19.6 MT 254 04
. Ross, 1988 1975-1976 9.6-182 MT 178 098 0.38
L. fasciatus

Standard and Chittenden, 1984 1977 — 1981 3.5-12.9 MT 25.41 0.55

The relative fishing mortality of shorthead drum we estimated differed from a similar
study (Garcia and Duarte 2006), likely because fishing strategies differed. Use of motorized
trawling as a fishing method may have a detrimental impact on shorthead drum stocks (Bomfim
et al. 2019). Moreover, differences in Z estimated by Bessa et al. (2013) might have been
influenced by the sampling method, which primarily targeted juveniles in a limited range of the
shorthead drum distribution. Futhermore, differences in longevity values could be attributed to
differences in environmental, ecological, and fishing characteristics (Tab. 4).

Table 4. Mortality rates of Larimus breviceps by beach seines (present study) and motorized trawling (Bessa
et al., 2013; Garcia and Duarte, 2006).

Study Fishing strategy V4 M F FM A
Present study Fishery-dependent beach seine 271 117 156 133 3.88
Bessa et al., 2013 Fishery-independent motorized trawling  12.1 - - - 438

Garcia and Duarte, 2006 ~ Fishery-independent motorized trawling 4.35 124 311 25 -

Indicators of overfishing play a crucial role in fisheries management by providing
reference points for rebuilding stocks, particularly for species with limited available data (Froese,
2004). These species include bycatch and non-commercial species that are vulnerable to fishing,
habitat degradation, and other threats to aquatic biodiversity. Based on length at first capture
exceeding the length at first maturity, individuals were harvested before they could reproduce and
contribute to the replenishment of the stock. Further, mean length was outside +10% of the

10
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optimum length, which indicated a substantial proportion of small individuals were targeted by
the fishery and raises concerns about growth overfishing and potential depletion of the population.
In contrast, mega-spawners were absent in the harvest, which is a positive indication that these
individuals contributed significantly to reproductive success of the population (Solemdal, 1997;
Trippel, 1998). Therefore, two of three indicators highlighted the necessity for effective fishery
management measures.

We found that current exploitation and fishing mortality rates exceeded maximum
sustainable yield, which suggested that the shorthead drum population in Lucena was slightly
overexploited. Therefore, any increase in fishing effort would likely negatively impact the stock
and reduce yield-per-recruit, although the exploitation rate and fishing mortality rate were very
close to maximum sustainable yield levels. By reducing exploitation to 0.5 and fishing mortality
to 1.0, yield could be optimized to minimize the impact on the shorthead drum population, thereby
preventing depletion and potential disruptions to reproductive capacity. Additionally, optimal and
economic reference points (Eos and Fos, and Eo1 and Fo1) are alternatives for management.
Nevertheless, optimization should be assessed annually to enable better management, by
considering the tradeoff between extra mortality over spawning biomass of other non-target and
target species (King, 2007).

We found compelling evidence of growth overfishing of the shorthead drum population,
thereby indicating a significant ecological impact of the large beach seine fishery, like recent
regional studies that emphasized the substantial influence of this fishing method (Passarone et al.,
2019). To ensure sustainable exploitation of the species, we recommend implementing enhanced
monitoring programs and reassessing current catch levels, fishing effort, and population trends,
while considering the lack of available information for the region. These insights can facilitate
the development of management initiatives to regulate fishing effort, modify capture equipment,
or establish a targeted fishing season. However, the large beach seine fishery, while requiring
specific management measures for the shorthead drum population, also targets multiple species,
captures other bycatch species, and is of significant socio-economic importance, which
underscores the necessity for comprehensive and integrated management strategies.

To advance goals of sustainable resource management, adoption of a comprehensive
methodology rooted in ecosystem-based principles is important. This approach would account for
intricate interdependencies among diverse species and their habitats, along with socio-economic
factors associated with the fishery. The initial step in implementing such management strategies
involves improving the availability of data, with a focus on species abundance, distribution, stock
status, and metrics related to size, catch, and fishing effort. These data would serve as a foundation
for shaping future management approaches. Examples of effective methodologies include habitat-
based management (Wedding and Yoklavich, 2015), measures to reduce bycatch (Glass, 2000),
and implementation of marine spatial planning (Collie et al., 2013). Such approaches have
demonstrated how to balance ecological, social, and economic objectives to contribute to long-
term sustainability of fisheries. In summary, our study served as a valuable reference for decision-
makers, by providing essential information for development of effective management strategies,
stakeholder engagement, and promotion of responsible fishing practices. Additionally, our case
study underscored the potential consequences of a targeted ban on a specific fishing gear, by
highlighting the need to carefully consider alternative gears and their potential ecological
implications. Insights from our study can be adapted and applied across similar fisheries
elsewhere in the world to yield valuable lessons for sustainable fisheries management.
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