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Abstract 

Globally, the growing pressure on elasmobranchs presents a significant threat. The Z-13 Fisher 

Colony, located in Rio de Janeiro’s metropolitan region, is composed of an urban-artisanal fishing 

fleet operating in a macro-area adjacent to the “Hope Spot - MoNa Cagarras” in “Rio de Janeiro Shelf 

ISRA”. Locally, elasmobranch fishing has been carried out for over a century. Artisanal fishery poses 

a potential threat to the populations of this taxon, with more than 1/3 listed globally in IUCN Red 

List categories. As an attempt to inform fisheries management, a Productivity Susceptibility Risk 

Analysis (PSA) was applied, as a locally unprecedented approach, to assess the Vulnerability of 31 

landed elasmobranch species by the mentioned urban-artisanal fisheries. Analyses indicated that 

most small to medium-sized elasmobranch species (n = 25; 80.6%) had medium to high Productivity; 

while 11 (35.5%) species showed high Susceptibility to artisanal fishing. Five species showed higher 

Vulnerability, and were comprised by 03 sharks (S. lewini, S. zygaena, and I. oxyrinchus) and 02 rays 

(A. castelnaui and P. horkelii). Seven species showed medium Vulnerability being 05 sharks (S. occulta, 

R. porosus, C. falciformes, C. obscurus, and S. argentina) and 02 rays (D. hypostigma and P. percellens). 

The other 19 species (61.3%) presented lower Vulnerability and were comprised by 08 (25.8%) species 

of sharks and 11 (35.5%) of rays. The species identified as having high Vulnerability or potential risk 

should be immediately prioritized for fisheries management and administration by the Brazilian 

responsible agencies, to protect the potential of the taxon for ecosystem functions and prevent further 

extinctions. 

Keywords: Hope Spot - MoNa Cagarras; rays; sharks; small-scale fishery; Southwestern Atlantic; 

stock assessment; vulnerability 

Key Contribution: This study provides locally unprecedented insights into PSA - Vulnerability of 31 

elasmobranch species belonging to 16 families, eight sharks and eight rays, comprising 16 species of 

sharks (51.6%) and 15 of rays (48.4%), including 26 (83.9%) with some threat degree at national level 
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and 30 (96.8%) at global, landed by the urban-artisanal fishery in a recently-recognized “ISRA” off 

the southeastern coast of Brazil 

 

1. Introduction 

According to Nelson et al. (2016), the subclass Elasmobranchii comprises a group of well-

adapted and wide-ranging cartilaginous fish: Selachii (sharks) and Batomorphi (rays and relatives; 

batoids). Most elasmobranchs, being cosmopolitan vertebrates, are predators that occupy higher 

trophic levels, exercising a crucial ecological key role in maintaining cascading effects along food 

webs and balance in marine ecosystems (Toussaint et al., 2021), preserving the ecological equilibrium 

and maintaining healthy ecosystems. However, this taxon holds economic importance as a haliotic 

resource and provides financial benefits to fishing communities and industries worldwide (FAO, 

2022). Over-exploitation is considered one of the main threats to elasmobranch populations and has 

led to a significant decline in the global abundance (~71.0%) of their populations over the past few 

decades (IUCN, 2024). The taxon is known to be highly vulnerable to overfishing due to its k-strategist 

life history traits (e.g., low intrinsic rates of population growth and recruitment; Dulvy et al., 2017). 

The most recent evaluation of the global conservation status of elasmobranchs conducted by the 

International Union for Conservation of Nature revealed that the proportion of threatened species 

with extinction increased from 17.4% to 37.5% in less than ten years (IUCN, 2024). 

Sharks and rays are found along the entire coast of Brazil (Santos et al., 2024), with 

approximately 203 marine elasmobranch species recorded to date (Kotas et al., 2023). The state of Rio 

de Janeiro, located in the Southeast of Brazil, is one of the priority areas for the global conservation 

of elasmobranchs (Lucifora et al., 2011), with approximately 636 km of coastline (23º 00' 00'' to 21º 15' 

00'' S and 45º 00' 00'' to 41º 00' 00'' W), which marks the change in orientation and geo-oceanographic 

conformation of the Brazilian coast from north-south to east-west (Cumplido, pers. obs.). It is home 

to incredible biodiversity and sustains essential fishing grounds for Brazilian sardines, penaeid 

shrimp, and demersal fish (MPA, 2014). According to MPA (2014), extractive marine fisheries in Rio 

de Janeiro account for about 2.5% of the total landings of sharks and rays captured per year in Brazil, 

and the state ranks fourth in economic importance and third in population according to the national 

ranking (IBGE, 2019), which endorses its importance in the Brazilian socio-economic context. In Rio 

de Janeiro, gillnets are a significant component of artisanal fishing (FIPERJ, 2020) and target various 

population strata, competing for the same species as an industrial fleet (Begot and Vianna, 2014; 

PMAP-RJ, 2020). This type of fishing has low operating costs and involves various forms of use, 

especially in shallower and estuarine regions of the continental shelf. Although sharks and rays may 

not be the official target species, these multispecies opportunistic coastal fisheries generate a 

significant bycatch of elasmobranchs. 

Based on this overview, the Brazilian government implemented regulations prohibiting the 

capture of threatened species classified under any of the following categories: Vulnerable (VU); 

Endangered (EN); or Critically Endangered (CR) on the National Red List (ICMBio, 2018a,b). These 

protections are outlined in a series of Normative Instructions and Ordinances (e.g., IN 5 MMA 

21/05/2004; IN 52 MMA 08/05/2005; IN 5 MPA/MMA 15/04/2011; MMA no 445 17/12/2014; MMA no 

148 07/06/2022; GM/MMA no 300 14/12/2022; MMA no 354 27/01/2023), covering several species 

present in this study. Additionally, the National Plan of Action for the Conservation of Threatened 

Marine Sharks and Rays (“PAN-Tubarões”) offers further conservation guidelines (ICMBio, 2023; 

Kotas et al., 2023). 

Opportunistic and multispecies fishing are important factors influencing the spatial-temporal 

and co-occurrence of catches (PMAP-RJ, 2020). Size selectivity is an essential aspect of gillnet fishing 

and the main target of management actions (Shester and Micheli, 2011). Although its underreported 

dynamics make it an unprofitable activity when compared to industrial fisheries, gillnet fishing is 

essential for local actors, who often find themselves in situations of socioeconomic vulnerability and 

strive to use all possible bycatch (Vasconcellos et al., 2011). 
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Stock assessment plays a crucial role in understanding the health and sustainability of fish 

populations and fisheries, optimizing resource utilization. Fish stocks with little biological and 

fishing information (e.g., elasmobranch populations) are challenging to assess by using traditional 

quantitative analyses. Fishing stocks with deficient data can be evaluated through alternative risk 

assessment methods (Stobutzki et al., 2002; Cortes et al., 2015). The Productivity and Susceptibility 

Analysis (PSA) is a semi-quantitative approach that can be used to evaluate the vulnerability of a 

stock to becoming overfished (e.g., bycatch and/or targeted stocks), based on its biological 

productivity (e.g., life-history patterns theory: the evolution of individual characteristics of organisms 

and your biological attributes (see Thorson et al., 2017; Pauly and Cheung, 2018) and susceptibility 

to the fishery (Cortes et al., 2010). This approach, ideal for data-limited fisheries or populations, is a 

valuable tool to identify vulnerable species to fishing exploitation and their risk levels, essentially 

ranks the relative vulnerability of a fishery based principally on the spatial overlap between a stock 

and its fishery, to define research priorities and to suggest management measures scenarios (Hobday 

et al., 2011). The input attributes are assigned categorical qualitative values on the same scale and 

then combined as either standard or geometric averages depending on the approach (Hordyk and 

Carruthers, 2018). 

Over the last 20-odd years, the PSA has been progressively applied to evaluate the vulnerability 

or potential risk of exploitation of elasmobranch populations, based on their biological productivity 

and fishing susceptibility (Gallagher et al., 2012; McCully et al., 2013; Carreon-Zapiain et al., 2020; 

Bravo-Zavala et al., 2022; Tavares et al., 2024). The gap of information on target and non-target species 

(e.g., bycatch) in commercial fisheries regarding catch resilience increases the vulnerability of species 

and can lead to their collapse or extinction (Le Grix et al., 2023). As a result, the conservation of taxon 

has become increasingly pressing in recent years. 

Nowadays, on the coast of Rio de Janeiro, southeastern Brazil, there is uncertainty regarding the 

statuses of elasmobranch populations due to the gap of monitoring by the responsible agencies. 

Furthermore, the socioeconomic and political situations in the country hinder fisheries management 

and research. The goal of this study was to estimate the vulnerability of the elasmobranch species 

caught by urban-artisanal fisheries through bycatch, focusing on gillnet landings, calculating 

productivity and susceptibility using a semi-quantitative PSA. In addition to taxonomic composition, 

insights into fishing selectivity can provide a guide for management efforts, which is particularly 

helpful for assessing multispecies fisheries with data-poor. Therefore, prioritizing species for 

effective management measures is crucial to improving conservation strategies to help mitigate 

bycatch and protect vulnerable shark and ray populations. The enforcement of existing legislation 

for threatened species is fundamental to a sustainable and effective fishing chain. This type of species-

specific study is crucial, as it not only highlights the economic importance of haliotic resources but 

also supports the real sustainability of artisanal fishing. 

2. Materials and Methods 

2.1. Study Area 

The present study took place at the Z-13 Fisher Colony, a fish market located on Copacabana 

Beach, in Rio de Janeiro, Southeastern Brazil. Founded on June 29, 1923, Z-13 has already brought 

together approximately 1,000 fishers, who are spread from Urca Beach to Pontal da Praia do Recreio 

dos Bandeirantes. Today, the headquarters has 50 to 60 member fishermen. These professionals 

primarily work in the coastal waters of Rio de Janeiro, with the insular systems of Cagarras Islands 

serving as a key fishing area and, locally, encompassing approximately 20 km2 of water's edge where 

the urban-artisanal fishery of the colony takes place and carries out the fishing activity daily. Part of 

these islands forms the Natural Monument of the Archipelago of the Cagarras Islands and 

Surrounding Waters (MoNa Cagarras), an important no-take Marine Protected Area (MPA), 

classified as a full-protection Conservation Unit (CU)  where fishing is restricted, established in 2010, 

and located 05 km offshore (ICMBio, 2010). According to Machado et al. (2022), the MoNa Cagarras, 
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together with its surrounding areas (including Rasa and Cotunduba islands), was designated as a 

Hope Spot by the international nonprofit organization Mission Blue and officially launched on April 

16, 2021 as “Hope Spot - MoNa Cagarras”, and is recognized as one of the world ś most important 

sites for marine conservation and recovery, providing a refuge for abundant biodiversity and serving 

as an essential habitat for several rare, threatened, and endemic species along the coast of Brazil 

(Figure 1).  

 

Figure 1. Study area: geographical location and detail of southeastern coastal region off Brazil, and the Rio de 

Janeiro State. Depicting the monitored location of the Z-13 Fisher Colony, Copacabana Beach, Rio de Janeiro, RJ 

(georeferenced location highlighted in yellow, 22º 59' 10” S/43º 11' 18” W); “Hope Spot - MoNa Cagarras” 

(georeferenced central-point highlighted in green, 23º 01' 49” S/43º 12' 01” W), a no-take Marine Protected Area 

(MPA); “Rio de Janeiro Shelf ISRA” encompassing the fishing macro-area used by local fishermen (highlighted 

in red by dashed lines indicating the suggested buffer for use in the development of appropriate place-based 

conservation measures, the area of “Praia Vermelha ISRA” is not included); and the 0 to -20 meters (m), -20 to -

50 m and the -50 to -70 m isobaths in continuous black lines, according to Suguio (2003). Note: map lines delineate 

study areas and do not necessarily depict accepted national boundaries. Source: Bárbara Piovani Luz Aieta 

Afonso. 

This monitored fishing macro-area is part of one that we have studied in detail and recently was 

recognized as an Important Shark and Ray Area (ISRA) (see Hyde et al., 2022), with an area of 549.2 

km2 and a depth interval of 0-50 meters (ISRA, 2025). The study area is influenced by oceanographic 

features such as coastal orientation, seasonally wind-driven upwelling, and the limited width of the 

continental shelf, which allow for the proximity of warm tropical water masses (e.g., average of 23-25 

ºC at summer/February) and cold waters (e.g., average of 21-23 ºC at winter/July) from the South 

Atlantic Waters Current (SAWC) (Carbonel and Galeão, 2007), with the temperature varying 

throughout the water column (e.g., thermoclines). During the summer there is a greater presence of 

upwelling (Calado et al., 2010), the outcrop or rise of nutrient-rich deep cold waters from the South 

Atlantic Central Water (SACW), whose assumed thermal threshold is 18 ºC, and during the winter it 

is less intense or even non-existent (Valentin, 1994), boosting regional primary production (Valentin 
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and Coutinho, 1990). Coastal input from the associated estuary, accompanied by a massive influx of 

organic matter (Carreira et al., 2012), increases benthic biomass. Due to these combined conditions, 

primary production reaches up to 1.0 mg/m³, while the surrounding waters maintain the oligotrophic 

levels of 0.2 mg/m³ (Carreira et al., 2012). Continental output from the connected hypereutrophic 

estuary also provides organic matter that boosts benthic biomass, with up to 16.8 mg/l of suspended 

organic matter and 0.42 mg/l of particulate matter within the proposed area (Martins et al., 2016), 

values higher than those in the surrounding regions. The mixing of water masses, combined with a 

mosaic of soft and hard bottoms and access to a nearby mangrove, makes the region remarkably 

diverse, with 282 fish species (Machado et al., 2022). The elevated biomass supports a productive 

artisanal fishing community concentrated between the coastal island chains that border the area, up 

to a depth of -50 m, and the shoreline (Loto et al., 2018). Fisheries have been practiced in the area 

since the native populations established a presence (Lopes et al., 2016), with archaeological evidence 

of the presence of the same shark species still in the region today. Fishing remains a vital tradition 

for small-scale fishing communities; however, elasmobranchs face serious threats not only from 

population declines due to overfishing (Wosnick et al., 2024) but also from the heavily polluted 

waters of Guanabara Bay (Neves et al., 2023). 

2.2. Data Source 

A total of 31 elasmobranch species were recorded, which were landed in the Z-13 Fisher Colony 

(see Table S1.). Monitoring was conducted from June 1, 2021, to July 31, 2023, with a sampling period 

of two complete seasonal cycles, continuously from Monday to Friday, from 08:00 to 14:00 hours (h), 

when fishing landings are concentrated. The monitoring of fish landings was restricted to the colony, 

characterized by the local fishing profile as a fishing warehouse composed of an urban-artisanal 

fishing fleet with daily activity, mainly using gillnets of various sizes, threads, and meshes, capturing, 

via bycatch, diversified species of elasmobranchs that utilize the area for reproduction, birth, feeding, 

and growth. The primary fishing gear used by local fishers is the gillnet, a passive fishing method 

that targets fish living on the bottom, mid-water, and sub-surface. The gillnets remain in the water 

for approximately 24 to 48 h. Fishers at the Z-13 Fisher Colony go out daily with pre-established 

crews along the shallow inner continental shelf (< 20 km offshore). Fishers employ opportunistic 

strategies, which involves adjusting gear, strands and/or mesh sizes in response to seasonal variation 

in fishery resource availability.  

2.3. Fishery Data and Biological Information 

The primary data was obtained in loco, by a single researcher, the first author of this study, in 

order to minimize sampling bias, through informal semi-structured interviews with fishermen and 

other stakeholders in the fishing production chain, using a form designed to collect the following 

biological and fishing information: numerical identification of the form; date (e.g., for fishing 

seasonality); vessel and captain or person in charge; crew; fishing area; fisheries ground(s); fishing 

gear and configuration/setup; fishing effort; the approximate bathymetry, in meters, of the gillnet sets 

and the type of substrate found; period that the nets remained in the water; number of harvests; time 

spent fishing; landed species and the species-specific composition (n and kilograms, in kg); biometrics 

and percentage of importance per group (%) according to the total of specimens/species landed; value 

and destination of production; personal observations; and, when possible, discards. The local urban-

artisanal fishing fleet was briefly characterized based on its modi operandi, including the types of 

materials used, gear configurations, and methods of operation (Table 1). 
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Table 1. Characterization of the commercial urban-artisanal gillnets fishing from the Z-13 Fisher Colony, 

Copacabana Beach, Rio de Janeiro, RJ, Southeastern Brazil. 

Z-13 FISHER COLONY (C. P. Z-13): n, average, range and ±SD of the fleet, fishing and gear 

C. P. Z-13 - DIVERSIFIED COASTAL MODE 
LEGISLAT

ION* 

. Number of vessels (n (total): 19 (average of 10 active vessels/day (range: 00-14; 

average: 05-07 and; ±SD4-8 
  

(minimum of 00 and maximum of 14);   

. Approx. total length: 05 m (traditional-artisanal boats) and 08 m (speedboats). With 

beams of 1.4-1.8 m; respectively; 
√ 

. Construction material: fiberglass (with wooden keel);   

. GT: ≤ 20 (artisanal fishing); √ 

. "Ages": traditional-artisanal boats 20+ years old and speedboats 8-16 years old;   

. Engine type: stern drive;  

. Power (HP) of diesel engines: "NSB" 75 and 90 / speedboats (gasoline and/or alcohol): 

20-40 and 2-4 T; 
  

. Complements: Ursa 40 oil for diesel engines (traditional-artisanal boats) and 2 T oil for 

gasoline engines 
 

(speedboats);  

. Average consumption (sea autonomy): directly proportional to the distance from 

fishing grounds. 
  

Approximately 03 operational days with a full tank;   

. Number of crew/vessel: between 02-03 to 04 (range: 01-04; average: 03 and; ±SD2-3 

(minimum of 01 and 
  

maximum of 04); √ 

. Materials: the most used gear are gillnets (passive fishing gear with varying 

dimensions, threads and 
  

meshes, with different buoys and weights - 100.0% of total-local elasmobranch landings 

during this study); 
  

. Gillnets height: ~02 m; √ 

. Configurations - Threads (mm)-meshes (mm):  "Corvineiras" (mid-water and surface 

fishing): 40/60-50/60 
  

(n = 147; 58.3%); "Linguadeiras" (for bottom fishing only): 50/110 (n = 111; 33.3%) and, 

"Come-dormes" 
  

(subsurface and mid-water fishing): 40/45-45/55 (n = 38; 8.4%); √ 

. Monofilament nylon threads: 0.5-1 mm, gauge (medium thickness); √ 

. Opening: 90-120 mm between opposite nodes; √ 

. Covers: 10-25 or up to 2,500 m for midwater and surface gillnets. When with two 

gillnets (or for bottom), 
 

reaching 30 (or up to 3,000 m). Each 100 m longitudinal long and ~1.85 km, on average, 

from the coast and; 
√ 

. Gillnets permanence time in water: 24-48 h   

Where: n (quantitative), ±SD (Standard Deviation), m (meters), GT (Gross Tonnage), T 

("times") and, h (hours), and; 
 

*Interministerial Normative Instruction MPA/MMA nº 12 (Art. 2, IV, of NI 12/2012), of 

08/22/2012 and MPA/MMA Ordinance 
 

nº 04, of 05/14/2015 (MPF, 2017).  

During the recording of landed elasmobranchs, the specimens were identified to the lowest 

possible taxonomic level, macroscopically sexed, and measured for the Total Length (TL, cm) 

according to Compagno (1984). In cases where multiple individuals of a given species were landed, 

biometrics were performed by selecting the largest, intermediate, and smallest specimens, with the 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 September 2025 doi:10.20944/preprints202509.2048.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2048.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 26 

 

total number of individuals in each size class recorded, always maintaining a standard sample size. 

Sexual maturation stages were determined through a combination of internal, during the gutting 

process for cleaning and preparation for marketing, and external characters according to Yokota and 

Lessa (2006) and Andrade et al. (2008), based on the length at maturity data. 

For the biological parameters of the species, the productive attributes commonly used in PSA 

(see methodological section related to Productivity and Susceptibility Analysis) were considered. 

Data on life-history traits were obtained from published literature and an additional compilation 

from "grey literature" for each species. Only studies conducted in the natural environment (in situ) 

were selected for inclusion. For that purpose, the following sites as leading search platforms were 

used: Google Scholar; CAPES Journal Portal; SciELO; and Redalyc. The key terms applied were: life-

history traits > population dynamics > age and growth > reproductive biology/cycle > mean fecundity 

> trophic level and MTL >> Southeastern Brazil > Southwest Atlantic Ocean > subtropical waters of 

the Southwestern Atlantic. The preference was given to studies carried out in the Southeastern 

Brazilian Bight (SBB), which is a crescent-shaped ‘semi-enclosed’ continental shelf of the Santos Basin 

(between 23º-28º S and 42º-48º W) that sustains important fishing grounds (Gasalla et al., 2010). The 

information gaps were complemented with data reported from adjacent areas or other marine 

regions. For some species, this parameter has not been determined, and in these cases, a value for the 

genus or conspecific species was used instead (for sources, see Supplementary Materials - S1) (Table 

2). 

Table 2. Biological data for 31 species of elasmobranchs landed at Z-13 Fisher Colony, Copacabana Beach, Rio 

de Janeiro, RJ, Southeastern Brazil. The eight Productivity attributes (P) evaluated: maximum age (Tmax, years); 

maximum size (Lmax, cm); von Bertalanffy’s growth coefficient K (cm year-1); esteemed natural mortality (M, year-

1); Length at maturity (L50, cm); Reproductive Cycle (RC, periodicity); Fecundity (Fec., mid-point of the number 

of oocytes or embryos); and Trophic level (Tlevel, no unit). References data source: see Supplementary Materials 

- S1. 

  PRODUCTIVITY PARAMETERS-P   

GROUP/SPECIES Tmax Lmax K M L₅₀ RC Fec. Tlevel SOURCES 

Sharks                   

Carcharhinus brevipinna (Müller & Henle, 

1839) (Nrd) 
16.30 208.00 0.21 0.48 180.00 Biennial 9.00 4.20 Tavares et al. (2024); ** 

Carcharhinus falciformis (Müller & Henle 

1839) (Nrd) 
27.20 272.00 0.10 0.18 207.50 Biennial 11.70 5.48 

Estupiñán-Montaño et 

al. (2017) 

Santander-Neto et al. 

(2021); ** 

Carcharhinus limbatus (Müller & Henle, 1839) 
14.40 

(Nrd) 

199.40 

(Nrd) 

0.24 

(Nrd) 

0.40 

(Nrd) 

149.30 

(Nrd) 
Biennial 

5.50 

(Nrd) 
4.30 

Bornatowski et al. (2014) 

Tavares et al. (2024); ** 

Carcharhinus obscurus (LeSueur, 1818) 
45.00 

(Nrd) 

371.00 

(Nrd) 

0.04 

(Nrd) 

0.90 

(Nrd) 

284.00 

(Nrd) 

Biennial-

Triennial 

8.07 

(Nrd) 
4.30 

Cortés (2000) 

Romine et al. (2009) 

Bornatowski et al. 

(2014); ** 

Rhizoprionodon lalandii (Müller & Henle 1839) 
6.00 

(Nrd) 
80.00 

0.30 

(Nrd) 

0.35 

(Nrd)* 
62.10 Annual 3.50 4.28 

Ferreira (1988) 

Motta et al. (2007) 

Andrade et al. (2008) 

Lessa et al. (2009); ** 

Rhizoprionodon porosus (Poey, 1861) 
5.00 

(Nrd) 
115.00 

0.17 

(Nrd) 

0.35 

(Nrd) 
85.00 Annual 3.00 4.00 

Ferreira (1988) 

Lessa et al. (2009) 

Mattos and Maynou 

(2009) 

Silva et al. (2023); ** 

Galeocerdo cuvier (Péron & LeSueur, 1822) 
13.50 

(Nrd) 
393.00 

0.25 

(Nrd) 
0.36 

310.00 

(Nrd) 
Biennial 

32.60 

(Nrd) 
4.40 

Whitney and Crow 

(2007) 

Driggers et al. (2008) 

Bornatowski et al. (2014) 

Aximoff et al. (2022) 

Santana da Silva et al. 

(2024); ** 

Notorynchus cepedianus (Perón, 1807) 
32.00 

(Nrd) 
300.00 

0.11 

(Nrd) 

0.51 

(Nrd) 
242.00 Annual 

86.70 

(Nrd) 

4.43 

(Nrd) 

Cortés (2000) 

Lucifora et al. (2005) 

Barnett and Braccini 

(2019) 

Lewis et al. (2020) 
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Lopes et al. (2021) 

Funes et al. (2023); ** 

Isurus oxyrinchus (Rafinesque, 1810) 23.00 330.00 0.04 
0.15 

(Nrd) 

278.00 

(Nrd) 
Triennial 11.50 4.38 

Costa et al. (1996) 

Bishop et al. (2006) 

Doño et al. (2015) 

Barreto et al. (2016) 

Cabanillas-Torpoco et 

al. (2024); ** 

Sphyrna lewini (Griffith & Smith, 1834) 31.50 344.00 0.05 0.13 
240.00 

(Nrd) 
Annual 

11.50 

(Nrd) 
4.44 

Hazin et al. (2001) 

Kotas (2004) 

Galina and Vooren 

(2005) 

Vooren et al. (2005) 

Kotas et al. (2011); ** 

Sphyrna zygaena (Linnaeus, 1758) 
18.00 

(Nrd) 

226.00 

(Nrd) 
0.07 

0.13 

(Nrd) 

198.00 

(Nrd) 
Biennial 35.00 4.30 

Vooren et al. (2005) 

Coelho et al. (2011) 

CMFRI (2016) 

Bezerra et al. (2017) 

Huynh and Tsai (2023); 

** 

Squalus albicaudus Viana, Carvalho & Gomes, 

2016* 

32.00 

(Nrd) 

89.00 

(Nrd) 
0.20 0.34 

59.00 

(Nrd) 
Annual 

4.50 

(Nrd) 
4.17 

Compagno (1984) 

Pajuelo et al. (2011) 

Viana et al. (2016); ** 

Squatina argentina (Marini, 1930) (Nrd) 46.50 138.00 0.20* 0.27* 70.00 
Biennial-

Triennial 
9.00 4.39* 

Silva (1996) 

Cortés (2000) 

Vooren and Klippel 

(2005) 

Cuevas et al. (2020); ** 

Squatina guggenheim Marini, 1936 12.00 95.50 
0.27 

(Nrd) 
0.36 

72.00 

(Nrd) 
Biennial 

7.00 

(Nrd) 
4.39 

Silva (1996) 

Vieira (1996) 

Sunyé and Vooren 

(1997) 

Vögler et al. (2003) 

Vooren and Klippel 

(2005) 

Cardoso and Haimovici 

(2014) 

Della-Fina et al. (2020); 

** 

Squatina occulta (Vooren & Silva, 1991) 21.00 125.00 
0.13 

(Nrd) 
0.19 

110.00 

(Nrd) 
Biennial 10.00 4.39* 

Silva (1996) 

Vieira (1996) 

Vooren and Klippel 

(2005) 

Cardoso and Haimovici 

(2014) 

Della-Fina et al. (2020); 

** 

Mustelus canis (Mitchell, 1815) (Nrd) 11.90 132.00 0.29 0.49 102.00 Annual 12.00 3.60 Tavares et al. (2024); ** 

Rays                   

Atlantoraja castelnaui (Ribeiro, 1907) 29.00 116.00 0.05 0.08 105.00 Annual 5.00 4.50 

Casarini (2006) 

Oddone and Amorim 

(2007) 

Oddone et al. (2008) 

Silva et al. (2020a) 

Silva et al. (2020b); ** 

Sympterygia acuta Garman, 1877 40.50 62.00 
0.12 

(Nrd)* 
0.05 

44.70 

(Nrd) 
Annual 

52.00 

(Nrd) 

3.87 

(Nrd) 

Basallo and Oddone 

(2014) 

Hozbor and Massa 

(2015) 

Mabragaña et al. (2015) 

Barbinil and Lucifora 

(2016) 

Pollom et al. (2020); ** 

Bathytoshia centroura (Mitchill, 1815) (Nrd) 11.00* 300.00 0.28* 0.48* 116.50 Annual 3.00 3.62* 
Jacobsen and Bennett 

(2013); ** 

Dasyatis hypostigma Santos & Carvalho, 2004 11.00 58.00 0.29 0.41 49.70 Annual 2.00 3.70 

Santos and Carvalho 

(2004) 

Ribeiro et al. (2006) 

Torres (2024); ** 

Hypanus berthalutzae Petean, Naylor & Lima, 

2020 (Nrd) 
14.00* 68.00 0.11* 0.20* 67.10* Annual 2.50* 3.62* 

Jacobsen and Bennett 

(2013); ** 

Hypanus guttatus (Bloch & Schneider, 1801) 

(Nrd) 
14.00 166.60 0.11 0.20 67.10 Annual 2.50* 3.60 

Da Silva et al. (2018) 

Gianeti et al. (2019) 
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Oliveira et al. (2020) 

Tavares et al. (2024); ** 

Gymnura altavela (Linnaeus, 1758) 
18.00 

(Nrd) 
143.00 0.12 0.24 71.70 Annual 5.50 3.91 

Bauchot (1987) 

Gonçalves-Silva and 

Vianna (2018) 

Parsons et al. (2018); ** 

Myliobatis freminvillei LeSueur, 1824 (Nrd) 23.00* 129.00 0.12* 0.21* 65.00 Annual 4.50* 3.37* 
Jacobsen and Bennett 

(2013); ** 

Myliobatis goodei Garman, 1885 (Nrd) 23.00 115.00 0.12 0.21 68.30 Annual 4.50 3.20 

Molina and Cazorla 

(2015) 

Araújo et al. (2016); ** 

Narcine brasiliensis (Olfers, 1831) 22.55 47.00 0.12 0.20 31.89 Annual 
9.50 

(Nrd) 

3.66 

(Nrd)* 

Rudlow (1989) 

Jacobsen and Bennett 

(2013) 

Rolim et al. (2015) 

Rolim et al. (2020); ** 

Pseudobatos horkelii (Müller & Henle, 1841) 8.00 138.00 0.18 0.41 79.60 Annual 
8.00 

(Nrd) 
3.83 

Lessa et al. (1986) 

Caltabellotta (2014) 

Martins et al. (2017) 

Caltabellotta et al. 

(2019); ** 

Pseudobatos percellens (Walbaum, 1792) 11.00 
76.20 

(Nrd) 
0.16 0.38 58.30 Annual 7.50 3.83* 

Rocha and Gadig (2013) 

Caltabellotta (2014) 

Tagliafico et al. (2017) 

Caltabellotta et al. 

(2019); ** 

Rhinoptera bonasus (Mitchill, 1815) 
21.00 

(Nrd)* 

120.00 

(Nrd) 

0.19 

(Nrd)* 
0.26* 

65.30 

(Nrd) 
Annual 

3.00 

(Nrd) 

3.43 

(Nrd)* 

Nerr and Thompson 

(2005) 

Pérez-Jiménez (2011) 

Fisher et al. (2013) 

Jacobsen and Bennett 

(2013) 

Jones and Driggers 

(2015); ** 

Rhinoptera brasiliensis  Müller, 1836 
21.00 

(Nrd)* 
94.00 

0.19 

(Nrd)* 
0.26 

65.30 

(Nrd)* 
Annual 1.00 

3.49 

(Nrd)* 

Gómez-Canchong et al. 

(2004) 

Domingues et al. (2009) 

Fisher et al. (2013); ** 

Zapteryx brevirostris (Müller & Henle 1839) 
10.00 

(Nrd) 

56.00 

(Nrd) 
0.22 0.43 42.30 Triennial 3.75 3.55 

Batista (1991) 

Caltabellotta (2014) 

Carmo (2015) 

Carmo et al. (2018) 

Caltabellotta et al. 

(2019); ** 

Where: (Nrd), non-regional data (reported outside of the Southeastern Brazilian Bight - SBB), values in bold are estimated or from FishBase, 

data compiled from congeneric species*, and; 

Sources: "Supplementary dataset." and "Supplementary Information (SI).** at the 

Supplementary Materials - S1. 
     

For susceptibility attributes commonly used in PSA (see methodological section related to 

Productivity and Susceptibility Analysis), the primary data from the fishery (e.g., empirical from the 

Local-traditional Ecological Knowledge - LtEK) were acquired in the field during in loco fisheries 

monitoring. The proportion of immature individuals caught in the fishery was also incorporated into 

the PSA. Current conservation statuses were obtained from the IUCN Red List (IUCN, 2025). 

2.4. Productivity and Susceptibility Analysis (PSA) 

The PSA was performed to assess the vulnerability of the 31 species of elasmobranchs captured 

and landed by artisanal fishery in the study area (Supplementary Materials - S1). The Vulnerability 

(V) of a stock is defined by two dimensions: Productivity (P), which reflects the species’ capacity to 

recover after depletion, and Susceptibility (S), which represents the likelihood of capture and 

mortality resulting from the fishery (Stobutzki et al., 2001).  

To calculate Productivity (P), eight attributes proposed by Patrick et al. (2010) were used: 

maximum age (Tmax, years); maximum size (Lmax, cm); von Bertalanffy’s growth coefficient K (cm year-

1); esteemed natural mortality (M, year-1); Length at maturity (L50, cm); Reproductive Cycle (RC, 

periodicity); Fecundity (Fec., mid-point of the number of oocytes or embryos); and Trophic level 

(Tlevel, no unit) (Table 3). 
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Table 3. Productivity attributes (P), definition and classification of thresholds to determine the Vulnerability (V) 

off elasmobranchs caught and landed by the urban-artisanal fleet's multispecies fishery (e.g., gillnets) at the 

monitored fishing macro-area along the continental shelf of the Southeastern Brazilian Bight (SBB), in the 

Southwestern Atlantic, the Z-13 Fisher Colony, Copacabana Beach, Rio de Janeiro, RJ, Southeastern Brazil. 

PRODUCTIVITY ATTRIBUTES DEFINITION 
HIGH 

(3) 

MEDIU

M (2) 
LOW (1) 

Maximum age (Tmax, years) Maximum observed age reported <11.90 
11.90-

27.20 
>27.20 

Maximum size (Lmax, cm) 
Maximum Total Length (TL) observed or Fork Length (FL) and 

Disc Diametric (DD) reported 
<89.00 

89.00-

226.00 
>226.00 

von Bertalanffy's growth coefficient (K, cm 

year ¹̄) 
How rapidly an elasmobranch reaches its maximum size >0.22 0.11-0.22 <0.11 

Esteemed natural mortality (M, year ¹̄) Instantaneous natural mortality rate >0.41 0.20-0.41 <0.20 

Length at maturity (L₅₀, cm) 
Length at which 50.0% of the individuals attain gonadal maturity 

for the first time 
<65.00 

65.00-

180.00 
>180.00 

Reproductive Cycle (RC, periodicity) Reproductive periodicity (or time frequency) 
Biann

ual 
Annual 

Biennial-

Triennial 

Fecundity (Fec., mid-point of the number of 

oocytes or embryos) 

Mid-point of the reported range of the number of oocytes (or 

embryos) per individual 
>11.50 

3.50-

11.50 
<3.50 

Trophic level (Tlevel, no unit) Species position in the food web <3.62 3.62-4.39 >4.39 

For Susceptibility (S), a total of ten attributes originally proposed by Patrick et al. (2010) were 

considered: vertical overlap (VO); areal overlap (or Encounterability - E); morphology affecting 

capture (or Selectivity - S); fishing rate in relation to M; food items; seasonal migrations; 

schooling/aggregation/geographic concentration and behavioral responses; fishery impact; valued or 

desired of the fishery; and management strategy. Additionally, two attributes proposed by Tavares 

et al. (2024) were included in the analysis: proportion of immatures caught about the total catches 

sampled, indicating the general low selectivity of the fishing gear (e.g., bycatch); and the IUCN 

statuses, evidencing high contradiction between the precarious current commercial fishing 

monitoring and legislation and, unfortunately, the negative and recurrent local-regional catch of 

critically endangered elasmobranch species via bycatch (or even intentional capture). Susceptibility 

(S) attributes were primarily scored based on the authors’ local knowledge, and secondarily on 

information from online databases (Froese and Pauly, 2023; IUCN, 2024; Table 4). 

Table 4. Susceptibility attributes (S), definition and classification of thresholds to determine the Vulnerability 

(V) off elasmobranchs caught and landed by the urban-artisanal fleet's multispecies fishery (e.g., gillnets) at the 

monitored fishing macro-area along the continental shelf of the Southeastern Brazilian Bight (SBB), in the 

Southwestern Atlantic, the Z-13 Fisher Colony, Copacabana Beach, Rio de Janeiro, RJ, Southeastern Brazil. 

SUSCEPTIBILITY ATTRIBUTES DEFINITION LOW (1) MEDIUM (2) HIGH (3) 

Vertical overlap (VO) 

Location of the stock 

within the water 

column (i.e., demersal 

versus pelagic) in 

relation to the fishing gear 

<25% of the stock 

occurs at the depths of 

the fishery 

≥25% and ≤50% of the stock 

occurs at the depths of the 

fishery 

>50% of the stock occurs 

at the depths of the 

fishery 

 Extent of geographic 

overlap between the 

Low probability that an 

organism encounters a 

Medium probability that an 

organism encounters a 

High probability that an 

organism encounters a 

Areal overlap (or Encounterability 

- E) 

known distribution of the 

stock and that of 

fishing gear (e.g., a 

species of benthic 

habits caught 

fishing gear (e.g., a species of 

pelagic habits, mainly on the 

surface 

fishing gear (e.g., a species 

of bento-pelagic habits, 

caught 

  the fishery with surface gillnet) caught with bottom gillnet) with gillnets) 

  
The ability of the fishing 

gear to captutre fish 

No morphological 

characteristics or habits 

Has few characteristics and 

habits 

Has morphological 

characteristics and habits 

Morphology affecting capture (or 

Selectivity - S) 

based on their 

morphological 

characteristics (e.g., body 

shape, spiny versus soft 

rayed fins, etc.) 

that influence 

catchability (Low 

selectivity of the 

gillnet) 

that influence catchability 

(Moderate selectivity of the 

gillnet) 

that influence catchability 

(High selectivity of the 

gillnet) 

Fishing rate in relation to 

esteemed natural mortality (M) 

Fishing pressure (direct 

and/or indirect) 
0.00-0.50 0.51-0.99 1.00 

Food items 
Forging site versus fishing 

ground 

Spatial distribution of 

the prey does not 

overlap 

Spatial distribution of prey 

partially overlapping 

Spatial distribution of the 

prey overlaps completely 
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with the area of action 

of the fishing 

mechanism 

with the fishing mechanism's 

area of operation 

with the area of action of 

the fishing mechanism 

Seasonal migrations 

Increase or decrease in 

fishery-species interaction Reduces overlap with 

fishing 

Does not substantially affect 

the overlap with fishing 

Increases overlap with 

fishing when any seasonal 

migrations occur 

Schooling/aggregation/geographi

c concentration and behavioral 

responses 

Aggregations of organisms 

for feeding or reproduction 

Reduces the 

catchability of the 

fishing gear 

Does not substantially affect 

the catchability of the fishing 

gear 

Increases the catchability 

of the fishing gear 

Fishery impact 

Direct and/or indirect 

impacts to essential fish 

habitat 

Adverse effects absent, 

minimal or temporary 

Adverse effects more than 

minimal or temporary but are 

mitigated 

Adverse effects more than 

minimal or temporary 

and are not mitigated 

Valued or desired of the fishery 
Value of fish to the final 

consumer 

Stock is not highly 

valued or desired by 

the fishery (low or no 

price) 

Stock is moderately valued or 

desired by the fishery 

(medium price) 

Stock is highly valued or 

desired by the fishery 

(high price) 

Management strategy 
Current fisheries 

legislation 

Targeted stocks have 

catch limits and 

proactive 

accountability 

measures; Non-target 

stocks are closely 

monitored 

Targeted stocks have catch 

limits and reactive 

accountability measures 

Targeted stocks do not 

have catch limits or 

accountability measures; 

Non-target stocks are not 

closely monitored 

Immatures caugth (%) 

Capture of 

juveniles/species (%) in 

relation to the selectivity 0.0-30.0% 31.0-60.0% 61.0-100.0% 

off the fishing gear in the 

catches sampled 

IUCN status Conservation status NE-DD LC-NT VU-EN-CR 

The P and S attributes were scored using a three-point scale: 1 = low, 2 = medium, and 3 = high 

(Hobday et al., 2006). Species with low P and high S scores are considered at high risk of overfishing, 

whereas species with high P and low S scores are considered at low risk of overfishing. We used a 

default weight of 2 (ranging from 4 for high relevance to 1 for low relevance), as a precautionary 

value, for the productivity and susceptibility attributes (Duffy and Griffiths, 2019). Additionally, 

because data-poor stocks can lead to errors in risk, a data quality index was developed to estimate 

the uncertainty associated with individual vulnerability scores. This index is based on five tiers, 

where 1 represents the highest data quality and 5 the lowest (Patrick et al., 2010). We prioritized the 

information by regions, as follows: the coast of the state of Rio de Janeiro (study area) and the 

Southeastern Brazilian Bight (or Basin) (SBB) > Southeastern Brazil > Southern Brazil > Northeast 

Brazil > Northern Brazil > other regions of the Atlantic Ocean > Global. 

After the range (r) and weight (w) values of each attribute (P and S) were defined for each 

species, the average values of P and S were estimated using the following equations: 

𝑃 = 𝛴𝑟𝑃/𝛴𝑤𝑃                      𝑆 = 𝛴𝑟𝑆/𝛴𝑤𝑆    

where, r and w are the range and weight of Productivity and Susceptibility, respectively. 

Subsequently, the overall Vulnerability score (V) of a stock was calculated as the Euclidean distance 

from the origin of the x-y scatter plot (Patrick et al., 2010) by applying the following formula: 

𝑉 = √(𝑃 − 3)² +  (𝑆 − 1)²        

Vulnerability scores were categorized into three levels based on Cope et al. (2011): High (V ≥ 

2.0); Medium (1.8 ≤ V < 2.0); and Low (V < 1.8). Stocks with low Productivity and high Susceptibility 

scores are considered most vulnerable to overfishing, while those with high Productivity and low 

Susceptibility scores are considered least vulnerable (Patrick et al., 2010). Even with strong fishing 

pressure, these species continue to generate catches due to their high productivity rates (Patrick et 

al., 2009; Cope et al., 2011). The advantage of the PSA scatter plots is that managers can easily use 

them to apply or adjust management measures to suitable levels based on the stock’s level of 

vulnerability (Cortes et al., 2015). These analyses will identify the species most impacted by fishing 

activities (e.g., percentage of gear overlap) and highlight those that should be prioritized for targeted 

fisheries management measures (e.g., specific fisheries and stocks). Data organization and 
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calculations for this analysis were carried out by constructing PSA matrices using MS Excel 

(Microsoft®  Office Excel 2021).  

3. Results 

3.1. Fishery Data and Species Composition 

During the study period, in general at the Z-13 Fisher Colony, throughout the year, “Corvineira” 

type gillnets presented the highest results regarding totals elasmobranch caught and landed (n = 147; 

58.3%), followed by “Linguadeiras” (n = 111; 33.3%) and “Come-dormes” (n = 38; 8.4%), the type of 

gear least used (Table 1). These fishing gear indicate which ones are more efficient and, consequently, 

less selective and more predatory regarding elasmobranch captures. Elasmobranchs were 

incidentally captured in teleost fisheries across all fishing grounds. Unfortunately, due to 

overlapping fishing areas, gear and interspecific habitats, this also results in the capture of sharks 

and rays (e.g., non-target stocks), especially species with similar coastal habits to the target teleosts 

(e.g., scienids and carangids). 

A total of 31 elasmobranch species, belonging to 16 families, eight shark and eight ray families, 

comprising 16 species of sharks (51.6%) and 15 of rays (48.4%), were recorded in the urban-artisanal 

fishery conducted in the coastal waters of Rio de Janeiro, Southeastern Brazil (Supplementary 

Materials - S1). A total of 296 specimens (60 sharks (20.3%) and 236 rays (79.7%), and approximately 

1.3 ton was counted, while the total-final production of teleosts and relatives was about 46.0 tons for 

the same period, which represented merely 2.7% of the total biomass landed locally. Among sharks, 

the most frequently caught species by percentage of numbers were Rhizoprionodon porosus (23.2%), R. 

lalandii (20.0%), Sphyrna lewini (18.3%) and S. zygaena (10.0%). Other relatively important shark 

species in the catches were Carcharhinus brevipinna (5.0%), C. falciformis (3.3%), Squatina guggenheim 

(3.3%), and C. obscurus (3.3%). Regarding rays, the most frequently observed species were Pseudobatos 

horkelii (55.7%), Dasyatis hypostigma (25.8%), Atlantoraja castelnaui (10.2%). Additionally, P. percellens 

(3.0%) and Hypanus guttatus (1.3%) were also relatively common in the study area. Regarding Total 

Length (TL, cm), both smaller (≥ 35 cm) and larger (≥ 66 cm) specimens were relatively common 

throughout the entire sampling period and present in all fishing grounds. When smaller, 

elasmobranchs were consumed by the fishers themselves and their families, while larger ones were 

traded separately, although at varied prices (in USD (1.00 USD:5.00 R$ per kg) - range: 2.00-5.00; 

average: 3.00-3.50 and ±SD: 2.00-5.00 (minimum of 2.00 and maximum of 5.00).  

According to the National Red List, of the 31 species recorded in the study area, 81.3% of shark 

species and 86.7% of ray species are threatened with extinction, falling into one of the following 

categories: Vulnerable (VU), Endangered (EN) and Critically Endangered (CR). Similarly, the global 

IUCN Red List indicates that the shark and ray species found in the study area are at risk, with 93.6% 

and 100.0% listed as threatened, respectively (Supplementary Materials - S1). This finding is 

particularly concerning due to the gap of solid fishing regulations in Brazil and their implementation. 

Reinforcing the importance of this study, oceanic or epipelagic species such as Galeocerdo cuvier, 

S. zygaena, C. brevipinna, or species associated with deeper waters and/or around islands, such as S. 

guggenheim, A. castelnaui, were also landed by the Z-13 Fisher Colony fisheries, mainly smaller size 

classes and/or juveniles, with some larger animals and subadults-adults. The landed elasmobranch 

species, most of which are classified as endangered, were captured at different life stages when 

associated with shallower waters, ranging from large pregnant females (or breeding matrices) (115 ≤ 

TL ≤ 100, cm) that kill not only the mother, but also the embryos, to small neonates and juveniles (35 

≥ TL ≤ 66, cm), with a predominance of adults. This is supported by the record of three pregnant P. 

horkelli females (115 ≤ TL ≤ 100, cm), a more coastal species, one containing oocytes, a postpartum S. 

lewini female (TL = 110 cm), a pregnant Hypanus berthalutzae female (TL = 47 cm), two pregnant A. 

castelnaui females (80 ≤ TL ≤ 110, cm) and a postpartum S. zygaena female (TL = 139 cm). Assuming 

that the landing of adult specimens reflects local catches, we can assume that overfishing of juveniles 

is not an imminent risk regarding the exploited elasmobranch populations at the study site. However, 
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the presence of juveniles (n = 113; 38.2%) indicates that the area where the urban-artisanal fleet 

operates is a possible development area (used for growth and maturation) for the landed 

elasmobranch species. 

Sharks such as Rhizoprionodon spp. and Sphyrna spp., and rays, as P. horkelii, D. hypostigma, and 

A. castelnaui were intensely caught and landed, regardless of seasonality, in general, with higher 

numbers of captures during the winter, the most critical period that requires greatest significant 

immediate attention concerning sustainable fisheries management. 

3.2. Productivity and Susceptibility Analysis (PSA) 

Regarding productivity attributes, of the 31 elasmobranch species evaluated, 05 (16.1%; P = 2.4-

3.0) were classified as having high productivity, 20 (64.5%; P = 1.7-2.3) as moderate productivity, and 

06 (19.4%; P = 1.0-1.6) as low productivity (Table 5). The 06 species with low productivity were the 

sharks S. lewini, Isurus oxyrinchus, C. falciformis, C. obscurus, S. zygaena, and the ray A. castelnaui. These 

elasmobranchs are commonly characterized by low growth rates, limited fecundity and long periods 

of gestation, which makes them particularly vulnerable to overfishing. Although most shark and ray 

species exhibited moderate (64.5%) and low (19.4%) productivity, the majority are classified as 

threatened on the IUCN Red List, indicating signs of potential overexploitation over time (Table 5).  

Elasmobranchs were captured incidentally in teleost fisheries throughout the year and in all 

fishing grounds due to the relatively low selectivity of the gillnets used by the Z-13 Fisher Colony. 

For susceptibility attributes (Table 5), the assigned scores showed that 11 species (35.5%; S = 2.4-3.0) 

had high susceptibility values. These included the sharks S. lewini, S. zygaena; R. porosus, R. lalandii, 

Squatina occulta, and S. guggenheim, as well as the rays A. castelnaui, P. horkelii, D. hypostigma, P. 

percellens, and H. guttatus. All of these species are categorized as threatened on the IUCN Red List. 

Furthermore, several of these species are also heavily exploited in the southeastern coast of Brazil, 

including Pseudobatos spp., S. lewini, R. porosus, R. lalandii, D. hypostigma, and A. castelnaui. The 

remaining species (n = 20; 19.4%; S = 1.7-2.3) were classified as having moderate susceptibility, and 

no species was classified as low susceptibility (Table 5). 

Table 5. Productivity (P), Susceptibility (S), and Vulnerability (V) scores for 31 species of elasmobranchs landed 

by commercial urban-artisanal gillnets fishing at the Z-13 Fisher Colony, Copacabana Beach, Rio de Janeiro, RJ, 

Southeastern Brazil. The eight species indicated in bold (n = 05, Selachii (sharks) and n = 03, Batomorphi (rays 

and relatives; batoids) are those with ≥ 5.0 percentage of importance per respective group according to the total 

of specimens/species landed. Also shown is the determination of quality input data for P, S, and overall values, 

and the classification of risk category (High: V ≥ 2.0; Medium: 1.8 ≤ V < 2.0; and Low: V < 1.8). 

GROUP/SPECIES iD SPECIES PRODUCTIVITY 
PRODUCTIVITY 

SUSCEPTIBILITY 
SUSCEPTIBILITY OVERALL 

VULNERABILITY RISK 
DATA QUALITY DATA QUALITY DATA QUALITY 

Sharks                 

Sphyrna lewini Slew 1.3 4.8 2.9 2.0 3.1 2.6 High 

Sphyrna zygaena Szyg 1.6 5.3 2.8 2.0 3.3 2.3 High 

Isurus oxyrinchus Ioxy 1.4 4.3 2.2 2.0 2.9 2.0 High 

Squatina occulta Socc 1.8 4.5 2.4 2.0 3.0 1.9 Moderate 

Rhizoprionodon porosus Rpor 2.0 5.0 2.7 2.0 3.2 1.9 Moderate 

Carcharhinus falciformis Cfal 1.4 6.0 2.0 2.0 3.6 1.9 Moderate 

Carcharhinus obscurus Cobs 1.5 5.5 2.0 2.0 3.4 1.8 Moderate 

Squatina argentina Sarg 1.8 6.0 2.3 2.0 3.6 1.8 Moderate 

Rhizoprionodon lalandii Rlal 2.5 4.8 2.7 2.0 3.1 1.7 Low 

Notorynchus cepedianus Ncep 1.8 5.0 2.1 2.0 3.2 1.7 Low 

Galeocerdo cuvier Gcuv 1.8 5.0 2.1 2.0 3.2 1.7 Low 

Squatina guggenheim Sgug 2.0 5.3 2.4 2.0 3.3 1.7 Low 

Carcharhinus limbatus Clim 2.0 5.5 2.0 2.0 3.4 1.4 Low 

Carcharhinus brevipinna Cbre 2.0 6.3 2.0 2.0 3.7 1.4 Low 

Squalus albicaudus Salb 2.0 6.0 1.7 2.0 3.6 1.2 Low 

Mustelus canis Mcan 2.5 6.3 1.8 2.0 3.7 1.0 Low 

Rays                 

Atlantoraja castelnaui Acas 1.5 3.8 2.8 2.0 2.7 2.3 High 

Pseudobatos horkelii Phor 2.1 4.3 2.8 2.0 2.9 2.0 High 

Dasyatis hypostigma Dhyp 2.4 3.8 2.8 2.0 2.7 1.9 Moderate 

Pseudobatos percellens Pper 2.4 4.0 2.8 2.0 2.8 1.9 Moderate 

Hypanus guttatus Hgut 2.0 6.0 2.4 2.0 3.6 1.7 Low 

Rhinoptera brasiliensis Rbra 2.0 5.0 2.3 2.0 3.2 1.6 Low 

Rhinoptera bonasus Rbon 2.0 6.0 2.1 2.0 3.6 1.5 Low 

Gymnura altavela Galt 2.0 5.0 2.0 2.0 3.2 1.4 Low 

Hypanus berthalutzae Hber 2.0 6.3 2.0 2.0 3.7 1.4 Low 
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Sympterygia acuta Sacu 2.1 5.0 2.0 2.0 3.2 1.3 Low 

Myliobatis goodei Mgoo 2.1 6.0 2.0 2.0 3.6 1.3 Low 

Myliobatis freminvillei Mfre 2.1 6.5 2.0 2.0 3.8 1.3 Low 

Bathytoshia centroura Bcen 2.1 6.8 2.0 2.0 3.9 1.3 Low 

Narcine brasiliensis Nbra 2.3 4.0 1.8 2.0 2.8 1.1 Low 

Zapteryx brevirostris Zbre 2.5 4.8 1.8 2.0 3.1 1.0 Low 

The assessment of the vulnerability of the 31 species showed values ranged from 1.0 to 2.3 (Table 

5). Most species (n = 19; 61.3%) had low vulnerability (Figure 2); however, all of these species except 

one are categorized as threatened on the IUCN Red List. This group comprises relevant commercial 

species such as the sharks R. lalandii, C. brevipinna, and S. guggenheim, as well as the ray H. guttatus. 

The second group, with moderate vulnerability, consisted of 07 elasmobranch species (22.6%) that 

presented varying degrees of threat (Figure 2). The sharks S. argentina and S. occulta are Critically 

Endangered (CR), while the 02 ray species, D. hypostigma and P. percellens, are listed as Vulnerable 

(VU) on the IUCN Red List. The third group, corresponding to high vulnerability elasmobranchs, 

included 05 species (16.1%): the sharks I. oxyrinchus, S. zygaena, and S. lewini, and the rays P. horkelii 

and A. castelnaui (Figure 2). All of these species, also categorized as threatened on the IUCN Red List, 

represent considerable importance in elasmobranch catches and require special attention in 

conservation strategies. Within this group, S. lewini, P. horkelii, and A. castelnaui are classified as 

Critically Endangered (CR) and should be prioritized under national and international conservation 

measures. 
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Figure 2. Productivity (P) and Susceptibility (S) plot for the (a) 16 shark species and for the (b) 15 rays species 

landed by urban-artisanal gillnets fishing from the Z-13 Fisher Colony, Copacabana Beach, Rio de Janeiro, RJ, 

Southeastern Brazil. 

4. Discussion 

The study of the vulnerability of elasmobranch species is fundamental when considering 

sustainable fishery management. Overfishing puts pressure on marine ecosystems (FAO, 2021). 

Regarding global fisheries production, the current trend is not towards stability, but rather, declines 

(Pauly and Zeller, 2016), with at least 1/3 of global fisheries being overexploited (Duarte et al., 2020). 

Artisanal fishing is generally multispecific and multifaceted (Batista et al., 2014). This creates 

potential spatial overlaps (Komoroske and Lewison, 2015). The role of artisanal fisheries in the 

exploitation of fishery resources is associated with concentrated efforts and high fish production in 

coastal areas, with this fisheries modality accounting for > 50.0% of global production (FAO, 2020). 

In Brazil, artisanal fisheries are practiced along the entire coast (Zamboni and Martin-Dias, 2020). 

Estimates suggest that 40-60+% of marine fisheries production in Brazil originates from artisanal 

fishing (Freire et al., 2021).  

In this sense, coastal fisheries and bycatches due to gillnets comprise relevant elasmobranch 

population decline sources, as 99.6% of all elasmobranch species are currently categorized as under 

threat (Dulvy et al., 2021), encompassing higher catch rates than those achieved by industrial fleets 

(Peckham et al., 2008). Concerning elasmobranchs in particular, most populations in Brazil are 

depleted (Bornatowski et al., 2018).  

This is an emblematic study of the vulnerability of elasmobranch species landed by a resilient 

urban-artisanal fishing fleet in a critical metropolitan region of Southeastern Brazil, in Rio de Janeiro 

State. Based on secondary biological data, we demonstrate a wide variation in the life-history traits 

parameters of 31 species caught in gillnets with various threads and meshes sizes. The broad 

taxonomic richness of elasmobranchs reflects the multiplicity of environments explored by fishers, 

such as unconsolidated (e.g., sand and mud) and consolidated (e.g., slabs, plots, rocky shores and 

artificial areas, such as the “Ipanema Submarine Outfall”) substrate bottoms, and the employed 

gillnets, whose height is sufficient to capture species presenting both epi-pelagic and demersal habits, 

which include sharks and rays (as bycatch), and the incidental catch compositions are highly specific 

to each type of fishery (e.g., bottom, mid-water, or (sub)surface). Although the diversity of 

elasmobranchs varied across geographic areas, we highlight that 1/3 of these species are endemic to 

the Southeastern Atlantic Ocean and are classified as at high risk of extinction or “Data Deficient” 

(ICMBio, 2025). Our PSA approach is consistent with the methods of extinction risk assessment used 

in conservation biology (Davies and Baum, 2012; IUCN, 2022).  

It is crucial to ascertain the presence of keystone species in fishing locations. Keystone species 

are defined as: species with an extremely high impact on a given ecosystem relative to their 

population, critical to the overall structure and function of a certain ecosystem and influencing which 

other types of organisms that make up that ecosystem (Humphries et al., 2017). Six keystone 

elasmobranch species (G. cuvier, C. obscurus, C. taurus, S. lewini, S. zygaena and Zapteryx brevirostris) 

are observed along the southeastern coast of Brazil (Bornatowski et al., 2014). The present study, in a 

regionally isolated manner, recorded 05 of them, namely G. cuvier (also see Aximoff et al., 2022); C. 

obscurus, S. lewini, S. zygaena and Z. brevirostris, that are at the most significant potential risk from 

overfishing and require prioritization for continued fisheries monitoring and comprehensive 

assessment actions on the southeastern coast of Brazil.  

The fishing area is situated in a region of intense artisanal fishing activity, with over 20,000 

fishing days recorded, with gillnets accounting for nearly half of this effort (FIPERJ, 2020). Artisanal 

gillnets also account for the most significant number of productive units (n = 1,307) but represent just 

over 5.0% of the total biomass of fish landed (94,472.4 tons in the state of Rio de Janeiro between 2018 

and 2019) (FIPERJ, 2020). Data from the “Rio de Janeiro state Fishery Monitoring Program” (PMAP-

RJ) indicate that in 2019, artisanal gillnets were responsible for approximately 89 tons of 
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elasmobranch production, accounting for a yield of USD4,500 (USD2.00 per kg, average at first sale 

value). However, despite the efforts of the “Rio de Janeiro Fishing Institute Foundation” (FIPERJ) to 

monitor 186 landing points scattered throughout the region, the production landed at Z-13 Fisher 

Colony remains unmonitored in official state statistics. 

In general, knowledge of coastal elasmobranch species catches is practically non-existent 

(Bornatowski et al., 2018). Since 2011, consolidated national statistics on fish production are, however, 

unavailable in the country (Freire et al., 2021). According to FIPERJ (2015 and 2016), the artisanal 

production of elasmobranchs is not available for several fishing areas, such as the metropolitan region 

of Rio de Janeiro. Previous efforts have recorded significant elasmobranch fisheries in adjacent areas 

of the state of Rio de Janeiro (Silva-Junior, 2008).  However, there are uncertainties due to catches 

frequently being illegal, underreported, or discarded as bycatch at sea during fishing activities (Freire 

et al., 2015). In addition, fisheries statistics also face taxonomic inaccuracy, with many species being 

grouped into a single fisheries management category during monitored landings (e.g., sharks, rays, 

angelfish, and guitarfish). The opposite is also true, with a single species receiving several reference 

names. It hinders the accuracy of production estimates and prevents effective fisheries management. 

For example, in the state of Rio de Janeiro, the “Cação” category groups 36 reference names, relating 

to 33 species of sharks. Meanwhile, the “Raia or Emplastro” category groups 25 reference names for 

19 species of rays (FIPERJ, 2020). This considerable taxonomic loss is compounded by the fact that a 

significant portion of landings consists solely of carcasses, making it impossible to identify the 

species. Limited data for many species is one of the biggest challenges to compiling estimates of 

threats to elasmobranchs (Jacquet and Pauly, 2008). 

Historically, the obsolescence of the management model, high fishing effort, and low resilience 

to biomass removal have contributed to the vulnerability of elasmobranchs. In recent decades, some 

species that occur in continental shelf and slope waters have been depleted by industrial fishing on 

the south-southeast Brazilian coast (Vooren and Klippel, 2005; Barreto et al., 2016; Oddone et al., 2019; 

Rigby et al., 2019; Pollom et al., 2020a,b). Despite knowledge about the biology, distribution, and 

conservation status of these species, historical catch series still gap details at the species level 

(Schroeder et al., 2024). Despite international recommendations and national legislation prohibiting 

the capture, landing, and trade of many species, landings of endangered species continue to occur 

freely in Rio de Janeiro and South-southeastern Brazil (Silva-Junior et al., 2008; Barreto et al., 2017). 

Contrary to global efforts to protect elasmobranchs, Brazil ranks 11th globally as a producer and 

first as an importer of “shark” meat (Cruz et al., 2021). Many tropical developing countries, such as 

Brazil, have coastal communities that rely on sharks and rays as a significant source of protein for 

subsistence (FAO, 2020). However, due to it being considered “lower-quality meat”, the illegal 

practice of intentionally mislabeling is often used to attract consumers (Bornatowski et al., 2015). In 

general, people are usually unable to distinguish between species, and most do not associate the 

shark meat sold as “cação” with sharks and rays (Bornatowski et al., 2013). Although “cação” meat 

is not part of the traditional Brazilian diet, there is great interest in encouraging people to eat “cação” 

meat and keeping the Brazilian consumer market a perfect port for discarded meat (Bornatowski et 

al., 2018). 

The 02 most landed species of small coastal sharks, of the genus Rhizoprionodon (R. porosus and 

R. lalandii), which occupy an intermediate position in the water column (Compagno, 2001), are 

frequently captured during fishing activities throughout the entire Brazilian coast and are 

significantly consumed by humans, especially in the southeastern region, where it is abundant 

(Andrade et al., 2008; Barreto et al., 2016). However, there is still a gap of population data and 

insufficient knowledge to assess fishing pressures or the effects of habitat degradation (Barreto et al., 

2016). Consequently, it hinders effective management and conservation actions. They are classified 

as “Data Deficient” by a National Red List (ICMBio, 2023; Kotas et al., 2023). These sharks captures 

in Rio de Janeiro, SE Brazil, are significantly abundant, with an estimated total of 35.9 tons landed by 

gillnet fishing between 2019 and 2021 (PMAP-RJ, 2022). Their diet, which is primarily based on 

sciaenid fish and decapod crustaceans, as well as clupeid fish (neonates and adults, respectively), 
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explains the dominance as bycatch of the main target species in southeastern fisheries (Bornatowski 

et al., 2012).    

The southeastern portion of the Brazilian coast also represents an ecologically important area for 

other Carcharhiniformes, such as S. lewini, S. zygaena, C. brevipinna and C. limbatus, as also noted by 

Andrade et al. (2008), Silva-Junior et al. (2008) and Marques et al. (2019), in a similar fishing 

community located in the Recreio dos Bandeirantes neighborhood, Rio de Janeiro, and locally 

(Machado et al., 2022). Adult females and juveniles represented a significant portion of the local 

capture, indicating the significance of the study region. In addition to species commonly caught with 

bottom, mid-water or (sub)surface gillnets, cosmopolitan, predominantly oceanic and with 

epipelagic habits, such as I. oxyrinchus and the G. cuvier, were also caught, all juveniles, reinforcing 

the potential of the area for growth and maturation. This area may be included in a large coastal 

nursery which, in turn, may be subdivided into reproduction, parturition, recruitment, development 

(growth and maturation) areas. The capture of juveniles in Brazil, as well as the capture of large 

pregnant females, comprising breeding matrices with greater reproductive potential and fecundity, 

and adult individuals, suggest a potential impact on the recruitment and renewal rates of these 

populations, thus compromising the regional gene pool of the taxon (Lutz et al., 2024).  

The significant ray composition captured by artisanal fishing in the state of Rio de Janeiro, as 

well as that of sharks is diverse and originates mainly from gillnets fisheries. The high vulnerability 

of demersal-coastal species (e.g., Pseudobatos spp.; Sphyrna spp.; and Squatina spp.) increases as their 

capture ceases to be incidental and becomes targeted, due to high first-sale values. Some 

elasmobranchs, such as the rays Pseudobatos spp., D. hypostigma and A. castelnaui and the sharks 

Rhizoprionodon spp. and Sphyrna spp. display a first-sale value equivalent to that of medium to large-

sized Sciaenidae, the target fish group of the Z-13 Fisher Colony. Several threatened elasmobranchs 

occur in the same habitats as commercial species whose capture is permitted or regulated, such as 

Micropogonias furnieri, Paralichthys spp., Centropomus spp., Cynoscion spp., leading to their bycatch. As 

the fishing gear used to capture demersal species exhibits low selectivity, non-target species, like rays 

and/or Sphyrna spp. and Squatina spp. are occasionally and incidentally captured. The pressure 

suffered by these species, combined with the environmental vulnerability of these resources, can 

culminate in an unsustainable situation. 

 In terms of biological productivity attributes, elasmobranchs are characterized by being more 

susceptible to overfishing than teleosts (Walker, 1998; Myers and Worm, 2005; Cortes et al., 2015). 

The PSA approach used in this study demonstrated a range of sensitivity among species and 

highlighted those that are most sensitive. Life-history traits characteristics that influence population 

recovery (e.g., fecundity, reproductive cycle, growth rate) have often been used to assess stocks with 

limited data (King and McFarlane, 2003; Claireaux et al., 2018). For example, species with high P 

values included small-to-medium-sized sharks with rapid growth and annual reproductive cycles 

(i.e., Rhizoprinodon spp. and Mustelus canis) and rays (D. hypostigma and Pseudobatos spp.). The lowest 

P values were recorded among large, slow-growing, long-lived, and late-maturing oceanic species 

(e.g., Sphyrna spp., I. oxyrinchus, Carcharhinus spp., and A. castelnaui). These results are comparable to 

values found for other regions of the Atlantic and Pacific (Visintin and Perez, 2016; Furlong-Estrada 

et al., 2017; Mejia-Falla et al., 2019; Carreon-Zapian et al., 2020; Bravo-Zavala et al., 2022).  

In this study, elasmobranchs showed high susceptibility to gillnet fishing. According to Vizintin 

and Perez (2016), this was particularly true among benthic predators with a flattened body shape and 

large pectoral fins (e.g., Squatina spp.; Sphyrna spp.; A. castelnaui; D. hypostigma; Pseudobatos spp.). 

These groups are often caught in highly productive coastal regions (Andrade et al., 2008; Barreto et 

al., 2016; Santos et al., 2022). Pregnant females, neonates, and juveniles registered in the Z-13 Fisher 

Colony fisheries landing confirm the importance of these shallow and protected waters. The number 

of elasmobranch species landed at Z-13 Fisher Colony comprises around 60.0% of sharks and rays 

reported in the fishing production of the state of Rio de Janeiro (FIPERJ, 2020). Multispecies coastal 

fisheries, such as those practiced by the miscellaneous gillnet of Z-13 Fisher Colony, generate a 

recurrently and relevant elasmobranch bycatch despite the fishing effort primarily targeting coastal 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 September 2025 doi:10.20944/preprints202509.2048.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.2048.v1
http://creativecommons.org/licenses/by/4.0/


 18 of 26 

 

teleosts as mentioned above. The opportunistic strategy of this urban-artisanal fishing fleet has 

contributed to the increasing harvesting of these catches. In general, elasmobranchs accounted for 

13.0% and 22.0% of the bycatch species that landed in Rio de Janeiro state (Souza et al., 2025). The 

opportunistic strategy of this urban-artisanal fishing fleet has contributed to the increasing harvesting 

of these catches, which were initially treated as bycatch. The increased interest in large rays (e.g., D. 

hypostigma; Atlantoraja spp.; Hypanus spp.) has also been reported for artisanal fisheries in other 

traditional communities in southeastern Brazil (Santos et al., 2022). A similar historical evolution of 

landings has been recorded for this taxon in the South Atlantic (Martins and Schwingel, 2003; Silva-

Junior et al., 2008; Perez et al., 2009). 

The PSA analysis revealed that elasmobranch species with high vulnerability values exhibit low 

to moderate productivity. The high values recorded for oceanic top predator species (e.g., Sphyrna 

spp. and I. oxyrinchus) suggest that different population strata may be affected by intense and diverse 

fishing efforts during their life cycle. These key species influence both community structure and 

fishery productivity (Tavares et al., 2024). In addition, the group of rays (e.g., P. horkelli and A. 

castelnaui) is also highly vulnerable to various types of trawling (Vianna and Almeida, 2005), which 

may generate a cumulative risk of overfishing. The overlap of fisheries in the same fishing area, 

sharing the same resources, is recognized as a potential cause of stock depletion (McGoodwin, 2002). 

The PSA ranking system provides a helpful tool for rapidly identifying groups of interest for either 

research emphasis or management attention (Cope et al., 2011). In general, management influences 

the susceptibility of the stocks, while productivity attributes are usually static in the short term and 

are most affected by the quality of input data. Therefore, different levels of vulnerability can be 

verified by projecting different management action scenarios.  

Regarding species vulnerability, reduced catches or total bans may be considered for the 

Pseudobatos spp. (CR, IUCN), most often caught by “Linguadeiras”, as post-release mortalities are 

lower for large specimens because they exhibit greater biological resilience. Regarding 

hammerheads, all six species are currently listed as prohibited for capture and sale (ICMBio, 2018a; 

IUCN, 2025). The present study noted two of these species (S. lewini and S. zygaena), indicating the 

need for immediate actions. For hammerheads and other large Carcharhinids, it may be appropriate 

to control age class captures to protect breeding stocks. Squatina occulta and S. guggenheim, mostly 

caught by “Linguadeiras”, are classified, respectively, as Critically Endangered and Endangered, by 

the IUCN and require attention. Population studies of these animals should be prioritized, 

considering their ecological and economic importance and new categorizations, such as “Near 

Threatened” according to the IUCN Red List.        

Despite the limitations of the present study, we verify equivalent degree of vulnerability of 

elasmobranchs caught throughout Brazil and borders (Freire et al., 2015; Visintin and Perez, 2016; 

Freire et al., 2021; Souza et al., 2025), and at adjacent areas in the Atlantic Ocean, such as: Venezuelan 

Caribbean (Tavares et al., 2024); Colombian Caribbean (Mejia-Falla et al., 2019); and in the Gulf of 

Mexico (Bravo-Zavala et al., 2022; Pérez-Jiménez and Mendoza-Carranza, 2023). This confirms the 

high vulnerability to which the taxon is subject in the face of excessive increases in global fishing 

pressure. With this PSA study, as a locally unprecedented approach, we highlight a starting point for 

future research and data collection needs.  

5. Conclusions 

Given the fragility of the model due to its subjectivity in quali-quantitative analysis, it is clear 

that PSA should not replace formal quantitative stock assessments. However, for the case of data-

poor fisheries, this approach appears to be a useful tool for identifying which species face higher risk 

based on their biological characteristics and their population interaction with the fishing pressure. 

The present study provided information regarding the catch elasmobranch composition and the level 

of vulnerability of the most frequently caught species from the Rio de Janeiro Coast. Considering the 

long periods of fishing pressure experienced by elasmobranchs with poor management strategy, 

there is an urgent need to formulate and implement new and appropriate fishing regulations. Among 
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the fishing regulations, we recommend the revision of the fishing gear, assigning fishing quotas, and 

seasonal fishing bans. These measures should be considered, not only for the species with high 

vulnerability, but also for those with medium and lower levels of risk. Particular attention must be 

given to endangered and prohibited species captured (e.g., Sphyrna spp.; I. oxyrinchus; Squatina spp.; 

Carcharhinus spp.; A. castelnaui; and Pseudobatos spp.) or those not currently included in existing 

fishing regulations (e.g., Rhizoprionodon spp. and D. hypostigma), but considered globally at risk of 

extinction and/or highly threatened. This taxon should be prioritised for immediate management 

strategies by the Brazilian agencies responsible for fisheries administration, and it is urgent to 

endorse the importance of continuous fisheries monitoring programs. Finally, this type of species-

specific study is crucial, as it not only highlights the economic importance of haliotic resources but 

also supports the real sustainability of artisanal fishing. 
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