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ABSTRACT

Fisheries impact aquatic resources, with many species taken as bycatch, and thus represent a global threat to many
species, in prticular, the elasmobranchs. Given the lack of reliable bycatch data, this study conducted a systematic
review in four scientific databases to identify publications addressing elasmobranch bycatch along the Amazon
coast. Between 2002 and 2022, 27 studies were published, docummenting the bycatch 28 sharks and 14 rays
species. The literature search revealed an increase in the frequency of publication after 2015, with Brazil dominating
the research output, while neighboring countries contributed limited data. Most studies involved trawling, while
gillnet and longline fisheries were poorly represented. Worldwide, 78.0% of sharks and 57.0% of rays are classified
as threatened. The review reveals persistent problems, including deficiencies in the identification, delays in data
publication, and weak monitoring and enforcement. These findings emphasize the urgent need for improved
research coverage, monitoring, and conservations actions.
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Analise cienciométrica sobre captura de elasmobranquios como fauna
acompanhante no litoral Amazonico

RESUMO

A pesca tem impacto sobre os recursos aquaticos, com muitas espécies capturadas acidentalmente, representando
assim uma ameaca global para muitas espécies, em particular os elasmobranquios. Dada a falta de dados confiaveis
sobre capturas acidentais, este estudo realizou uma revisio sistematica em quatro bases de dados cientificas para
identificar publicagcdes que abordassem as capturas acidentais de elasmobranquios ao longo da costa amazénica.
Entre 2002 e 2022, foram publicados 27 estudos, documentando a captura acidental de 28 espécies de tubaroes e 14
espécies de raias. A pesquisa bibliografica revelou um aumento na frequéncia de publicagdes apds 2015, com o Brasil
dominando a producio cientifica, enquanto os paises vizinhos contribuiram com dados limitados. A maioria dos
estudos envolveu a pesca de arrasto, enquanto a pesca com redes de emalhar e palangres foi pouco representada. Em
todo o mundo, 78,0% dos tubardes e 57,0% das raias sio classificados como ameagados. A revisdo revela problemas
persistentes, incluindo deficiéncias na identificagio, atrasos na publicagdo de dados e monitoramento e fiscalizacdo
fracos. Essas descobertas enfatizam a necessidade urgente de melhorar a cobertura da pesquisa, 0o monitoramento e
as agoes de conservagio.
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INTRODUCTION

In tropical regions, fisheries typically capture a high diversity
of bycatch, due to the reduced selectivity of their gear, and
the effort concentrated on the target species (Aragdo et al.,
2015; Bonanomi et al., 2017; Isaac & Braga, 1999; Lutz et al., 2023;
Morgan & Burgess, 2005). This accidental harvesting of non-
target resources is increasingly becoming a global threat to many
marine species, due to the high levels of ecological impact on
natural stocks (Bonanomi et al., 2017; Isaac & Braga, 1999).

Despite the diversity of the organisms that make up the
bycatch, in general, very little of this resource is exploited
commercially (Almeida et al., 2011; Dias-Neto & Dias, 2015),
and even basic biological data are lacking for most of the
organisms captured, which hampers the development of effective
sustainable management measures for this resource (Guimaraes-
Costa et al., 2020; Passarone et al., 2019). This bycatch fauna
includes several elasmobranchs that are endangered species
(Charles & Kennelly, 2018; Erguden et al., 2022; Oliver et al.,
2015). These species may be taken using a variety of fishing
gear, although trawls, gillnets, and longlining are the principal
types of rig, which have the greatest impact, albeit in different
manners, according to the specific characteristics of their capture
mechanisms (Aragdo et al., 2015; Bonanomi et al., 2017; Cintra
et al., 2015; Dias-Neto & Dias, 2015; Morgan & Burgess, 2005;
Nobrega et al., 2021; Oliveira & Frédou, 2007; Rigg et al., 2009;
Silva et al., 2016).

Despite its evolutionary success, the Chondrichthyes is
nowadays one of the most threatened groups of marine organisms
worldwide (Dulvy et al., 2014; Dulvy et al., 2021; Moore, 2017,
Pacoureau et al., 2021; Simpfendorfer & Dulvy, 2017). The
biological characteristics of these fishes, including their slow
growth, late maturation, and reduced fecundity, make them
particularly vulnerable to exploitation by large-scale fisheries
(Bonanomi et al., 2017; Dias-Neto & Dias, 2015; Erguden et al.,
2022; Jorgensen et al., 2022). High rates of fishery exploitation
have led to a critical decline in many elasmobranch populations
around the world (Erguden et al., 2022). When available, the
fishery data often present incorrect species identifications or no
taxonomic information whatsoever, making it difficult to assess
the true impact of fishing on this endangered fauna, particularly in
the case of the bycatch (Bonanomi et al., 2017; Morgan & Burgess,
2005), which greatly hampers the difficult task of quantifying the
real impact that fisheries have on this threatened fauna.

As most of the elasmobranch catch is incidental, most of the
individuals captured are discarded at sea. Together, poor fishery
monitoring and the misidentification of species result in a lack
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of understanding of the true impact of this bycatch on the fish
populations (Wosnick et al., 2023).

The situation is extremely preoccupying in the case of the
Amazon coast, which includes Brazil, west of the Parnaiba
Delta, Guyana, Suriname, French Guiana, and the east coast of
Venezuela (Awhida-Robinson et al., 2025; Guimaraes-Costa et al.,
2020). This region is characterized by intense fishing pressure
associated with significant gaps in scientific knowledge. Most
studies have focused on trawl fisheries, especially those targeting
pink shrimp, while gillnet and longline fisheries are still relatively
poorly understood (Silva et al., 2016; Dias-Neto & Dias, 2015).
In addition, many bycatch records use only generic nomenclature
(e.g., dogfish, skate, shark) or imprecise taxonomic identification,
which results in ineffective risk assessment and conservation
strategies (Bornatowski et al., 2014; Coelho et al., 2023).

There is a major shortage of data on the composition of the
bycatch taken by Amazonian fisheries, mailny off the Brazilian
coast, as well as in the case of the smaller-bodied species or fish
that have little commercial value (Pinheiro & Martins, 2009).
The lack of any reliable identification of the species, which is
common in the case of the elasmobranchs (Dias-Neto, 2011;
Dias-Neto & Dias, 2015), together with the absence of continuous
official fishery statistics (Isaac & Braga, 1999; Wosnick et al.,
2019a; Wosnick et al., 2019b), and the limited scope of most
research, which has tended to focus on shrimp trawling (Silva
et al., 2016), all hamper the reliable evaluation of the actual
impact of bycatch and the application of effective sustainable
management measures that are relevant to the ecosystem.

The most recent update of the International Union for
Conservation of Nature’s Red List indicates that approximately
one-third of all shark, ray, and chimaera species are threatened
with extinction, with direct fishery exploitation and bycatch
being considered to be the principal causes of the decline in
their populations (IUCN, 2023). Given this, the systematic
assessment of the scientific literature on the elasmobranchs
captured in the region of the Amazon coast is extremely
important for the understanding of patterns and trends. In this
context, scientometric analyses provide a valuable tool for the
development of public conservation policies (Qaiser et al., 2017;
Sultan et al., 2023).

The general lack of data on the species captured in the
Amazon region may be mitigated, at least in part, by systematic
reviews of the research on elasmobranch bycatch, which can
provide extremely important insights for the conservation
of threatened fishery resources. The present study adopted a
scientiometric approach to provide a concise overview of the
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elasmobranch bycatch taken by fisheries operating off the
Amazon coast. The principal objectives of the study were to:
quantify and characterize research patterns over time; identify
the most common fisheries and data collection methods;
identify the species involved and assess their conservation
status and identify knowledge gaps and the potentially most
lucrative directions for future research. The integration of
ecological, taxonomic, and scientiometric perspectives should
advance the development of effective conservation strategies
for the region’s elasmobranchs.

MATERIAL AND METHODS

Data collection

The systematic literature search presented here was conducted
in May and June 2023 (Page et al., 2021; Rethlefsen et al., 2021),
using four well-respected scientific databases—Google Scholar,
Web of Science, Scientific Electronic Library Online (SciELO),
and Scopus—to ensure an optimal coverage of the literature.

The search focused on the bycatch of the trawl, gillnet, and
longline fisheries operating off the Amazon coast, specifically in
Brazil, Guyana, French Guiana, Suriname, and Venezuela. The
Web of Science, SciELO, and Scopus databases were selected
for this survey due to their content of indexed journals of high
scientific relevance at both national and international levels,
while Google Scholar was included due to its enormous volume
of indexed papers (Baas et al., 2020; Battisti & Salini, 2013).
While limiting the search to databases of scientific papers
(Google Scholar, Web of Science, SciELO, and Scopus) makes
this study replicable, in comparison with other approaches—for
example, for cross-referencing purposes or the identification
of the personal sites of researchers—, there is a risk of missing
papers that are either not indexed or simply unavailable in these
databases (Molina & Cooke, 2012).

The search parameters applied in the present study included a
combination of descriptors related to bycatch, elasmobranchs, and
fisheries, which were applied to the title, abstract, and keywords
of the papers catalogued in each database. The search terms were
a set of descriptors in both English and Portuguese, which were
associated with Boolean operators (AND, OR) to refine the results.
No time frame was established here for the data search, to provide
a complete record of the historical development of the research in
this field (Farias, 2025).

Screening, eligibility and the analysis of the data

The records obtained from the four databases were processed
in three steps:
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* Data filtering and their eligibility assessment;
* Data analysis using a bibliometric approach;
* Data analysis on the elasmobranchs (Fig. 1).

I

Papers included
(n=27)

T e e B
| Google Scholar Step 1 :
| (1=33) |
|

|
: Web of Science I
| (n=16) Duplicates removed :
| (n=44) ,
| Scielo I
| (n= 3) |
: Reading of titles and I
| Scopus abstract |
| (n=6) :
: |
I Removed I
| (n: 10) :
: |
| Reading of Papers |
| (n=34) :
| I |
: Removed I
| (n=7) |

|
: |
I |

|

Scientometric analysis Elasmobranch data

| I |
| | |
| (n=27) | (n=17) |
| * Publications : :
: : chtlr?als | » Conservation status |
| itations | |

I

|

|

: * Diversity of elasmobranchs
|

I

[

SciELO: Scientific Electronic Library Online.

Figure 1. Flow chart showing the process of identification,
processing, and sorting of the papers analyzed in the present study.

Step 1

The papers extracted from each database were filtered based
on the title and abstract of each publication, with the exclusion
criteria including studies that did not focus on the specific topic
addressed here, and studies that were not published in scientific
journals, including monographs, theses, dissertations, books,
and conference abstracts. Duplicate papers were also eliminated
from the listing, and each paper was read in full to determine
whether it fell within the exact scope of the research defined here.
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Step 2

Following the bibliometric approach of Qaiser et al. (2017)
and Sultan et al. (2023), each paper was examined to determine
its bibliographic metrics, that is, its authors, title, journal, year of
publication, country and institutions of affiliation, journal impact
factor (JCR), and the number of authors per article, together with
other details of the study, that is, the specific geographic region,
sampling period, type of fishing gear (trawl, gillnet or longline),
and the composition of the bycatch.

Step 3

The papers containing data on elasmobranchs taken as
bycatch were selected and examined in detail to determine: the
species captured, their updated scientific nomenclature (California
Academy of Sciences, 2023; FishBase, 2023; Shark References,
2023; WoRMS, 2023), and the global conservation status of these
species according to the [UCN’s Red List (IUCN, 2023).

RESULTS

Publications, journals, and citations over the years

A total of 59 publications were identified in the four
databases surveyed in the present study, with 34 of this total
found in Google Scholar, 16 in the Web of Science, six in the
Scopus database, and three in SciELO, covering the period
between 2002 and 2022. Once the title and abstract of each

scientific paper had been verified, and the duplicates had been
removed, this total was reduced to 34 papers on the specific
topic of bycatch in Amazonian fisheries (Fig. 1). However,
seven of these 34 publications were excluded, for many reasons.
To begin, four of the studies covered an area larger than the
Amazon coast, without differentiating which data were from the
Amazon region, while two papers were based on a compilation
of data, and one presented only a comparison of the statistical
tests used to analyze the data. The 27 papers that remained after
the full reading of each publication identified initially form
the final set of papers that were analyzed in the present study
(Farias, 2025). This set of papers includes all the bycatch studies,
which were analyzed, although only 17 present detailed data on
the elasmobranchs.

The papers recovered by the literature search were published
between 2002 and 2021 (Fig. 2), with the annual production
peaking in 2019 (five papers), followed by 2016 and 2021,
with four papers each. This variation in the number of papers
published each year indicates a progressive increase in the
research on the topic over the years. The data presented in these
papers were collected between 1991 and 2018, with 2010 and
2014 being the years during which the most data were collected,
followed by 2011, 2013, 2016, and 2017 (Fig. 2). These findings
indicate that the sampling effort is not distributed uniformly over
time, in relation to the publication of the papers.
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Figure 2. Cumulative frequency over time (years) of the publications on elasmobranch bycatch in the Amazon region identified in

the present study, together with their respective sampling periods.

The analysis of the papers (Fig. 2) revealed a recent increase
in publication rates, although there is a clear time lag in the
publication of data over the past four years (2019-2022). This
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time lag reflects the interval between the collection of the data
and the publication of the papers, which varied from one to 11
years. Only two of the seven papers that had a time lag of more
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than five years reported data collected over a period of more than
two years (seven and 10 years of data collection). The other five
papers reported data that took either one or two years to collect,
despite taking six to 11 years to publish the results of the study
(Farias, 2025).

The papers identified here had between two and 15 authors,
with an overall mean of just under five (4.8) authors per paper.
The authors publishing each paper also represented between
one and 10 different academic institutions or a mean of 2.7
institutions per paper. Some of the authors also represent more
than one institution (Farias, 2025). Overall, the papers analyzed
here were published by researchers from 36 different institutions,
with each institution being involved in between one and 13 papers,
with an overall mean of 2.2 papers per institution. Between one
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and 31 researchers from any given institution were involved in the
publication of the papers analyzed here, with just under four (3.8)
per institution, on average, being involved in the publication of
research on the bycatch taken by fisheries operating off the Amazon
coast (Farias, 2025).

The 27 papers recovered here were published in a total
of 20 different journals, of which only nine have an impact
factor (IF) (Fig. 3a). These journals are Frontiers in Marine
Science (IF = 5.247), Brazilian Journal of Oceanography (IF =
1.933), Fisheries Research (IF = 1.9), Neotropical Ichthyology
(IF = 1.47), Gulf and Caribbean Research (IF = 1.1), Latin
American Journal of Aquatic Research (IF = 1.022), Ocean and
Coastal Research (IF = 0.885), Boletim do Instituto de Pesca
(IF = 0.8), and Ciencias Marinas (IF = 0.5).
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Amazon coast.
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Based on Google Scholar, the older papers tended to have the
most citations overall, and even when the citations in monographs,
books, and book chapters are excluded, this pattern is virtually
unchanged, which implies that these types of publication have little
influence on the number of times a paper is cited (Fig. 3b). The only
exceptions were the papers published by Arocha et al. (2002), Oliveira
and Frédou (2007), and Willems et al. (2016), which were cited 20,
12, and 10 times, respectively, in monographs, books, and book
chapters. A similar overall trend was also observed in the number
of self-citations, that is, older papers tended to be self-cited more
frequently. Given that, Arocha et al. (2002) were self-cited 11 times,
Marceniuk et al. (2019) and Santos et al. (2019) on six occasions, and
Nobrega et al. (2021) and Paiva et al. (2009) four times each.

Types of fisheries and data collection procedures

Two of the 27 papers identified here reported data for three
different types of fisheries, while all the others focused on only

a single type. Overall, trawling featured in 22 (68.8%) of these
32 reports, followed by gillnetting (five papers), longlining (four
papers), and one case of rod-and-line fishing.

Trawling is also predominant in the papers published by the
different countries included in the data compiled here (Fig. 4a),
although Guyana and Suriname are each represented by only
a single study (of trawling, in both cases). We did not retrieve
any articles from French Guiana, probably because of specific
limitations in the analytical approach (see Material and Methods;
Farias, 2025). In the specific case of the papers identified on
the fisheries of the east coast of Venezuela, there was also a
predominance of trawling. While the studies were more varied
in Brazil, there was still a predominance of trawling (17 of the
26 occurrences), followed by gillnetting (five occurrences),
longlining (three), and one case of rod-and-line fishing (which

was only recorded in Brazil).
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Figure 4. Relationship between the types of fisheries, country, and data collection methods: (a) types of fisheries per country; (b)

types of fisheries per data collection method—fishery monitoring (FM), fishery landings (FL), interviews with fishers (IF), catch

records (CR), onboard observers (OO), and cruise monitored by Centro Nacional de Pesquisa e Conservagdo da Biodiversidade
Marinha do Norte/Instituto Chico Mendes de Conservagdo da Biodiversidade (CM/ICMBio).
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Considering the 31 reports, there was also a predominance of
data obtained through fishery monitoring (17 papers), including
four papers published by the Centro Nacional de Pesquisa e
Conservagdo da Biodiversidade Marinha do Norte (National
Center for Research and Conservation on the Marine Biodiversity
of Northern Brazil—CEPNOR), while two involved vessels
equipped with devices used to exclude turtles from capture, and
in one case, a vessel equipped with turtle exclusion devices/
bycatch reduction devices. The other reports involved fishery
landing data (seven cases), interviews with fishers (three), catch
records (two), onboard observers (two), and a CEPNOR research
cruise (Fig. 4b).

Elasmobranchs captured

A problem with the data obtained during the present study
was the fact that some scientific names were outdated, that
is, while they were valid at the time of the publication of the
paper, more recent taxonomic reviews have reformulated their
nomenclature, which required the names of five rays and one
shark to be updated here (Farias, 2025). Based on the content of
the papers analyzed here, which presented detailed elasmobranch
capture data, a total of 28 species of shark were identified in the
respective studies, representing 12 genera, nine families, and
five orders (Farias, 2025). In the case of the rays, there were 14
species, 10 genera, eight families, and five orders (Farias, 2025).
However, a degree of uncertainty was encountered in many
cases, with the imprecise classification of specimens leading to
the identification of sharks only to family, in one case, or genus,
in three cases, as well as the generic term “cagdo,” in one case
(Farias, 2025). A similar scenario was observed in the case of the
rays, with the specimens being identified only to family in one
case, genus in two cases, and the generic “arraia” or “raia” in two
cases (Farias, 2025).

The present study revealed that the Brazilian Amazon
coast is the region with the greatest diversity of elasmobranch
bycatch, with 26 species (14 sharks and 12 rays), followed
by Venezuela, with 22 species (all sharks). Only nine species
(one shark and eight rays) were recorded in Guyana, and five
species, all rays, in Suriname. These differences are at least
partly related to the much larger number of papers from Brazil
(22) identified in the literature search, in comparison with
Venezuela (four papers), and Guyana and Suriname, each
with only one paper.

Elasmobranchs and the different types of fisheries

The data compiled here indicate that longline fisheries
captured 24 species of shark belonging to nine families,
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while the trawlers captured 10 species from three families,
and gillnets, three species from three families (Fig. 5a). In the
case of the rays, the data indicated that the trawlers captured
14 species belonging to eight families, while the gillnet and
longline fisheries each captured only a single species of ray
(Fig. 5b). The greater diversity of elasmobranchs captured
by trawlers in the present study may be accounted for by
factors such as the reduced selectivity of the trawl nets,
and the much larger number of papers (22) that focus on
trawling, in comparison with gillnetting (five papers), and
longlining (four).

Most of the capture data from the trawl fisheries were derived
from the monitoring of vessels (15 papers), which avoided the
potential bias and underestimates caused by discarding unwanted
catches at sea. By contrast, the gillnet data were obtained
primarily by the monitoring of catch landings (three papers)
and interviews with fishers (one paper), which would have been
completely vulnerable to potential bias due to the discarding of
specimens at sea. The longline studies were based on records of
landings, interviews with fishers, the monitoring of vessels, and
onboard observations, with each method being employed in a
single paper.

Conservation status

The data from the present study indicate that the
conservation status of the shark species taken as bycatch off
the Amazon coast (Fig. 6) was even more preoccupying than
the global scenario, given that the IUCN classifies 78% of the
species as threatened—five (17.8% of the total) of these species
are classified as critically endangered (CR), seven (25%) as
endangered (EN), and 10 (35.7%) as vulnerable (VU), with
five (17.8%) classified as near threatened (NT), and one (3.5%)
as least concern (LC). A similar situation was observed in the
rays, with 57% of the species being classified as threatened
(CR + EN + VU).

The TUCN classifies three batoids species (21.4% of the
total) as CR, three (21.4%) as EN, and two (14.2%) as VU,
with four (28.5%) being classified as NT and one (7.14%)
as LC (Fig. 6). One batoid species (7.14% of the total)
was classified as data deficient. Despite being classified
as threatened, these species continue to be captured and
discarded, and any decrease in the captures of sharks and rays
will tend to reflect a decline in the populations rather than the
results of any fishery management efforts (Davidson et al.,
2016; Leite Janior et al., 2023).
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DISCUSSION

Analysis of the publications

The assessment of the impact on the species taken as bycatch
off the Amazon coast is still a major challenge, due to the time
lag between the collection of the field data and their publication.
In the present study, time lags of up to 11 years were observed
between the collection and the publication of the data. Given
this, the data on the impacts of bycatch do not reflect the
current fishery scenario, but rather, past events. This time lag
compromises significantly the potential for the identification of
the species that are most affected by bycatch in the present day,
which impedes the accurate assessment of the contemporary
impacts of fishing on regional biodiversity (Thomaz & Mormul,
2014; Wosnick et al., 2023).

Two possible explanations for this time lag may be: slow science,
which is simply that a relatively long period of time is necessary
for the researchers to analyze their data and produce high quality
manuscripts (Casadevall & Fang, 2015; Thomaz & Mormul, 2014),
and progressive submission, which consists of the initial submission
of the manuscript to a periodical with the highest possible impact
factor and, when it is rejected, submitting it to a journal with a lower
impact factor, and so on to periodicals with progressively lower
impact factors, until the manuscript is accepted for publication
(Chapman et al., 2019; Han et al., 2020). While relatively common,
both these practices can result in significant delays between the
collection of data and their eventual publication, which hampers the
immediate application of the data to the development of effective
conservation and management policies.

These two approaches may not only reflect a quest for a
broader interdisciplinary approach and more diverse expertise,
which would improve the quality of the publication, but also a
strategy that aims to increase academic output through multiple
co-authorship (Chapman et al., 2019) or even a systematic
institutional policy of providing incentives for collaborations
and partnerships. In general, papers with more authors tended
to involve more institutions, which implies that the inclusion
of co-authors from other institutions may be an important
contribution to the publication process. This trend is consistent
with the policies of research institutions and funding agencies
that support the establishment of collaborations as a criterion for
scientific performance assessment and funding support provision
(Loyola et al., 2012; Waltman et al., 2013).

However, the delays in the publication of these fishery data
cannot be attributed solely to neglect on the part of the researchers,
given that the configuration of the fishery management agencies,
fishery institutes, and universities is incompatible with the
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complexity of the scenario in Brazilian waters, particularly off
the Amazon coast. This sector of the Brazilian littoral presents
a number of challenges, including its enormous area and its
local features, such as the large numbers of fishers operating
in the region, the diversity of vessels employed by the local
fisheries, which often use multiple types of fishing gear, the
countless clandestine fishing ports, the reduced effectiveness
of the local fishery monitoring, and the lack of both financial
and human resources for this monitoring (Gongalves Neto et al.,
2021; Jimenez et al., 2019; Jimenez et al., 2021). In addition to
these factors, local researchers face several practical difficulties,
including the accumulation of professional commitments and
reduced potential for the consolidation of research groups, given
that there are few opportunities for the recruitment of the human
resources trained by these groups (Hanson et al., 2024). The
typical challenges of publishing a paper, such as the delays in
the submission of the manuscript and the review process, editorial
bottlenecks, and impractical publishing fees, all contribute to the
time lag, which limits the communication of invaluable data
important for this vulnerable field of research (O’Donnell et al.,
2010; Taskn et al., 2022).

The IF of a journal is generally seen as an indicator of the
potential influence of the papers the journal publishes, in terms
of the number of times each paper is cited in other publications
over the years (Casadevall & Fang, 2015; Chapman et al., 2019;
Han et al., 2020). However, other variables, such as the academic
status of the authors and their institutions, and the practice of
self-citation, may also influence the final number of citations
of any given paper. In addition to being, potentially, anti-ethical,
self-citation influences the total number of citations of a paper,
which can contribute to its academic performance (Eisenlohr
et al., 2014; Waltman et al., 2013).

The fact that more than half of the journals in which the
papers were published do not have an IF indicates a tendency for
the authors to prioritize the number of papers published, rather
than their quality. This strategy, while understandable from the
perspective of the pressure to publish exerted on researchers by
the academic system, may compromise the relevance and the
potential influence of the papers published on bycatch in the
Amazon region (Casadevall & Fang, 2015; Thomaz & Mormul,
2014). Alternatively, authors should prioritize the publication of
their research findings in periodicals with a high IF, to ensure the
quality, visibility, and scientific impact of their work (Casadevall
& Fang, 2015; Waltman et al., 2013), which would ultimately
contribute to their potential for receiving resources for further
research in the same field (Loyola et al., 2012).
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In addition, publication in periodicals of greater impact has
direct implications for the capacity of the researcher to obtain
funding, given that funding agencies tend to apply multiple
criteria for the evaluation of projects, taking into consideration
not only the number of papers published, but also their quality
and the impact of the journals in which they are published
(Loyola et al., 2012; Thomaz & Mormul, 2014). In this case,
more selective publishing strategies that emphasize the quality
of the papers should not only strengthen the scientific content of
the studies on the bycatch of the Amazon coast, but also improve
the chances of funding for further research.

Even so, several considerations must be taken into account
for the assessment of studies published on the fisheries of
the Amazon coast, given the environmental and structural
characteristics of the region. The adoption of the IF as the
standard for the evaluation of the quality of a publication appears
to have been assimilated by local Brazilian researchers following
the recent consolidation of graduate programs and the refinement
of Brazilian policies for the assessment of the quality of scientific
publications over the past 25 years (Cirani et al., 2015; Pascuci
& Fishlow, 2023). From this perspective, in fact, the available
fishery data, which are historically fragile, are often not robust
enough to be acceptable for the most qualified scientific journals
(Gongalves Neto et al., 2021). This emphasizes the importance
of the papers published in less well-respected journals, in
addition to the journals published by the main local research
institutions, which are known as bulletins (boletim or boletin, in
Portuguese and Spanish, respectively), i.e., Arquivos de Ciéncias
do Mar, Boletim do Museu Paraense Emilio Goeldi, Boletim
Técnico-Cientifico do CEPNOR, Boletim do Laboratério de
Hidrobiologia, Boletin de Investigaciones Maririas y Costeras,
which provide an important outlet for the results of the region’s
research groups.

Elasmobranch bycatch in different types of fisheries

Globally, research mainly tends to focus on three types of
fisheries—trawling, gillnetting, and longlining. Each of these
different types of fisheries imposes a distinct set of impacts on
the marine biota, depending on the features of their harvesting
mechanisms and their selectivity (Aragdo et al., 2015; Bonanomi
etal.,2017; Cintraetal., 2015; Dias-Neto & Dias, 2015; Mcauley
et al., 2007; Nobrega et al., 2021; Oliveira & Frédou, 2007;
Rigg et al., 2009; Silva et al., 2016; Soykan et al., 2008).

Trawling results in the capture of a high diversity of
elasmobranchs, but also involves the rejection and discarding
of a large part of the bycatch due to its lack of commercial value
or the small size of the fish, with typically more rays than sharks
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being captured, due to the association of the former with the
bottom substrate and coastal shelves (Clarke et al., 2018; Garcés-
Garcia et al., 2020; Oliver et al., 2015; Santos et al., 2016; Silva
Junior et al., 2013).

Longline fisheries are the main source of elasmobranch
catches (Bonanomi et al.,, 2017), although there is under-
representation in the longline fisheries that target non-pelagic
habitats, given that the deep-swimming sharks are normally
returned to the sea dead (Bonanomi et al., 2017; Oliver et al.,
2015), resulting in an underestimate of the mortality rate of
the discarded species (Braccini & Waltrick, 2019). The pelagic
sharks are not subject to such under-representation because they
are retained for the extraction of byproducts, such as the fins,
meat, liver, and skin (Fernandez-Carvalho et al., 2015).

Among these three more common fishing methods, trawling
is the main focus of research into bycatch, which emphasizes
the need for the systematic monitoring of catches at sea, given
that records obtained from the fishery landing data are subject
to a bias that may underestimate the total bycatch, because most
species with no economic value are thrown overboard before
reaching port (Chaves, 2021; Marquez-Farias, 2005).

Elasmobranch bycatch and its effects

The impacts of bycatch from commercial fisheries represent
a severe threat to marine species throughout the world, given
the reduction of the stocks of many species, which also
impacts ecosystem function. The elasmobranchs are especially
vulnerable, due to their slow growth, late maturation, and limited
fecundity, which reinforce the need to prioritize the conservation
of this group (Bonanomi et al., 2017; Dulvy et al., 2017; Vooren
& Klippel, 2005), with the resolution of the bycatch problem
being a priority for the conservation and management of many
elasmobranch species (IUCN, 2023; Wosnick et al., 2023).

The decline of shark and ray populations because of fishery
pressure is derived primarily from the capture of reproductive
females, and immature individuals, such as neonates, yearlings,
and juveniles (Vooren & Klippel, 2005). Both processes have
disproportionate impacts on the productivity of these species, which
reduces the potential for the long-term recruitment of stocks (Adams
et al., 2018; Vooren & Klippel, 2005). These impacts may be further
aggravated by the exploration of breeding grounds and areas of
recruitment, in which the capture of pregnant females or juveniles
may be relatively frequent (Adams et al., 2018; Wosnick et al., 2023).

Even when the animal is discarded or released, its survival
depends on a series of factors, such as the physiology of the
species, the stress of the capture process, the tolerance of stress,
the lesions suffered during capture and handling, the changes
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in ambient temperature, the time of exposure to the air, and the
management of the specimens (Bonanomi et al., 2017; Braccini
& Waltrick, 2019; Chaves, 2021; Molina & Cooke, 2012; Raoult
et al., 2019; Wosnick et al., 2019a). The effects of these factors
are concentrated into two specific moments: when the fish are
brought on board, with mortality being determined by the type
of gear, the time of exposure of the fish to the air, and the species
involved, and the period following the release of the fish, which
can be affected by the stress of the capture, the physiology of
the fish, lesions, and behavioral alterations (Ellis et al., 2017).
The factors that have lethal consequences for the bycatch
species, leading to an increase in mortality, include long periods
of exposure to the air, high levels of handling stress, the capture
of deepwater species (physiological trauma), and profound
lesions caused by entanglement in the fishing gear (Braccini
& Waltrick, 2019; Ellis et al., 2017). The size of the species is
also important, given that smaller species tend to suffer higher
mortality rates, which may further increase with the time of
exposure to the fishing gear (Braccini & Waltrick, 2019; Morgan
& Carlson, 2010).

In addition to the lethal consequences of being taken
as bycatch, there are sublethal effects of passing through
the capture process, such as behavioral alterations, that
is, a reduction in the capacity of the fish to forage or avoid
predators, as well as impacts on the growth and reproduction
of the animals released alive (Chaves, 2021; Leite et al., 2020;
Molina & Cooke, 2012; Wilson et al., 2014). The latter impact
is the most preoccupying, since any effect on reproduction,
eventually, impacts recruitment (Finotto et al., 2021; Leite et al.,
2020; Wilson et al., 2014).

The sublethal effects of this process range from physiological
disturbances (Raoult et al., 2019; Wilson et al., 2014), lesions
caused by the contact with nets or entanglement with the
gear (Wilson et al., 2014) to premature births or the abortion
of young resulting from the stress of the interaction between
gravid females and the fishing gear, which can compromise the
fecundity or reproductive capacity of the females (Adams et al.,
2018; Wosnick et al., 2018). These effects may impact both
the performance of the individual and population dynamics.
The physiological responses of elasmobranchs to the stress of
capture have been well documented, and include a reduction
of aerobic capacity, an increased susceptibility to disease, and
a reduction in growth rates (Cameron et al., 2023; Molina &
Cooke, 2012; Wosnick et al., 2023). Behavioral changes may
include alterations in foraging efficiency, a reduced capacity for
the avoidance of predators, and the interruption of migratory or
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reproductive behaviors, which can all reduce the physical fitness
of the individual, and its survival potential, even when the fish
are released alive (Leite et al., 2020; Wilson et al., 2014).

Abortion or induced birth is a frequent occurrence in the
pregnant females of many elasmobranch species when captured
by fisheries (Adams et al., 2018). In addition to the immediate
loss of reproductive potential, the stress may cause a long-
term loss of fecundity, which compromises the subsequent
reproductive cycles. Adams et al. (2018) and Finotto et al. (2021)
concluded that the type of fishing gear, the intensity of the stress
experienced during handling, and the later stages of gestation all
influence the probability of a miscarriage.

While few data are available on the sublethal effects of
bycatch, further studies would provide valuable insights into the
post-release survival of these fish, and the factors that contribute
to poor capture conditions (Dapp et al., 2016; Finotto et al., 2021;
Wilson et al., 2014). The considerable impact of bycatch on the
elasmobranchs reinforces the need for the implementation of
effective conservation measures for the affected species, mainly
because most of these taxa are threatened on some level, at a
global scale.

Conservation status

It is extremely important to determine the conservation
status of the non-target species, especially the case of the
elasmobranchs, which are subject to high mortality rates
(Ferrette et al., 2019; Santos et al., 2023). The IUCN classifies
threatened species in three categories: CR, EN, and VU, which
are important guidelines for the development of effective
conservation strategies and the management of natural resources
(Rodrigues et al., 2006). The data deficient category represents
the main challenge for conservation planning, given that the
lack of data on the biology, ecology, and life history of a species
limits the potential for a reliable understanding of the threat
degree (Bland et al., 2014; Bland et al., 2015; Dulvy et al., 2021;
Jorgensen et al., 2022). In the case of the elasmobranchs, recent
scientific advances have permitted a reduction in the number
of data deficient species, which has nevertheless resulted in an
increase in the number of threatened taxa (Dulvy et al., 2021;
Gross, 2019; Simpfendorfer & Dulvy, 2017). Globally, 32.6%
elasmobranch species are classified as threatened (CR + EN +
VU), including 36% of all ray species, 31.2% of the sharks, and
7.7% of the chimaeras (Dulvy et al., 2021). The global ongoing
decline in the populations of oceanic sharks over the past century
has been due primarily to the continuous growth of fishery
pressure (Pacoureau et al., 2021).
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Identification of the species captured

The failure of both industrial and artisanal fisheries to
identify the species of elasmobranchs they capture is a chronic
problem that hampers fishery management and the monitoring
of legally protected species (Bornatowski et al., 2014; Cashion
et al., 2019). The typical use of generic ethnocategories
(in Portuguese), such as “cagdo” (dogfish), “tubardo” (shark),
and “raia” or “arraia” (ray), tends to obscure the actual diversity
of the taxa, in terms of the number of biological species, despite

EEINT3

the use of more specific terms, such as “spotted ray,” “snouted
ray” or “sandpaper dogfish” (Barbosa Filho et al., 2021; Coelho
et al., 2023; Medeiros et al., 2022).

Two other factors also contribute to the incorrect identification
of the elasmobranch species captured by fisheries: the fact that
many individuals are landed without the head or tail (Coelho
et al., 2023; Pinhal et al., 2009), or the pectoral fins, in the case
of the rays, and the lack of a thorough and meticulous analysis
by investigators and fishery managers that enables the reliable
identification of the species caught (Coelho et al., 2023). It is
fundamentally important to align the knowledge of scientists and
fishery managers with the fishers’ one, to establish a species-
specific identification system for the animals captured (Coelho
et al., 2023), as well as training onboard observers and landing
monitors to obtain a more accurate identification of the main
elasmobranchs taken as bycatch (Bornatowski et al., 2014).

Overall, the findings of the present study reinforce the urgent
need for studies with more reliable taxonomic definitions of
the species of sharks and rays taken as bycatch, to facilitate the
definition of the species captured and the correct labeling of the
species of commercial value, as a prerequisite for effective fishery
management (Baeta et al., 2010; Bornatowski et al., 2014). For
elasmobranch species that cannot be identified reliably on the
basis of traditional morphological criteria or when the specimens
are landed without certain body parts, molecular markers,
such as Cytochrome C Oxidase Subunit I (COI) and NADH
Dehydrogenase Subunit 2 (NADH2), are useful diagnostic tools for
their identification (Bornatowski et al., 2014; Ferrette et al., 2019;
Guimaraes-Costa et al., 2020; Leite Janior et al., 2023; Vella et
al., 2017). However, this approach is inviable for large numbers of
individuals, and it does not provide an instantaneous identification

of the species, either on board the vessel or at the landing point.

Reduction of the bycatch

Modern technology provides several options for reducing
the bycatch of shrimp fisheries by modifying the trawl nets. One

option is the deployment of exclusion grilles at the entrance
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to the bag (Medeiros et al., 2013), while separating panels or
grilles associated with a funnel can direct the shrimp into the
net, while the fish and other aquatic organisms are detoured to
escape windows in the upper part of the net (Dias-Neto & Dias,
2015; Medeiros et al., 2013). These devices can be employed
casily, and provide a number of advantages for the fishers, such
a reduction in the work needed to bring the catch onboard and a
decrease in the time needed to sort the catch, while also reducing
the bycatch and increasing the catches of the target species,
which tend to be less affected by the devices (Guanais et al.,
2015; Medeiros et al., 2013).

In Brazil, shrimp trawler operations have been legally
obliged since the 1990s to employ turtle exclusion devices and
bycatch reduction devices, following the Food and Agriculture
Organization’s recommendations (FAO, 2019). Guanais et
al. (2015) and Medeiros et al. (2013) demonstrated that these
devices can reduce the bycatch of large-bodied non-target species
without affecting the shrimp harvest. Research off the Amazon
coast has also confirmed a reduction in the bycatch of turtles and
large teleosts, although the evidence on elasmobranchs is still
inconclusive (Aragdo et al., 2015; Dias-Neto & Dias, 2015).

Effective measures for the reduction of the bycatch taken
by longline fisheries are also needed urgently. These measures
include the use of nylon lines in the dropper loop of the paternoster
to facilitate the escape of sharks (Leite Jinior et al., 2023; Vooren
& Klippel, 2005) and the use of circular hooks that are less likely
to capture sharks, in comparison with the traditional J-shaped
hooks (Fernandez-Carvalho et al., 2015; Vooren & Klippel,
2005). The use of circular hooks has been tested in several
tropical and subtropical fisheries, and has been shown to reduce
the onboard mortality, not only of elasmobranchs, but also of
other non-target species taken as bycatch (Godin et al., 2012). In
Brazil, regulatory measures exist for the use of circular hooks,
but only in the case of tuna and swordfish fisheries (Brasil, 2017).

The temporary closure of fishing grounds may also be
an effective alternative for the reduction of the bycatch, as
observed in the case of pelagic longline fisheries in South Africa
(Grantham et al., 2008), although it is important to note that
the shift in effort to areas adjacent to the fishing grounds that
had been closed temporarily tended not to reduce the bycatch.
When supported by the fishers and combined with continuous
monitoring, this type of measure can provide a valuable fishery
management tool (Davidson et al., 2016; Grantham et al., 2008).

The size of the mesh of gillnets can be modified to reduce the
bycatch (Vooren & Klippel, 2005). A few studies have shown that
the size of the mesh has a significant influence on the selectivity
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of the nets in terms of the size of the species captured (McAuley
etal., 2007). In Brazil, there have been several initiatives to optimize
mesh sizes and implement strategies for the rapid release of fish
taken as bycatch (Leite Jinior et al., 2023; Wosnick et al., 2023).

The use of magnets to mitigate the capture of elasmobranchs
proved to be potentially useful in experimental assays, given that
the magnetic field was shown to scare off elasmobranchs without
provoking any reaction in other groups of organisms (Richards
et al., 2018; Rigg et al., 2009).

Future perspectives for the conservation of the
elasmobranchs

The progressive increase in coastal population densities,
overfishing, and the exportation of elasmobranch meat contribute
to the ongoing decline in the stocks of these animals (Davidson
et al,, 2016), although one major difficulty that limits the
assessment of the impact of fisheries on shark and ray
populations is the fact that only a very small proportion of the
catch is identified to species (Santos et al., 2023). Reliable
fishery statistics covering ample spatial and temporal dimensions
are essential to ensure the adequate management of sustainable
fisheries and the conservation of species (Bornatowski et al.,
2014; Davidson et al., 2016; Santos et al., 2023).

The mitigation of the capture of specific species as bycatch
is hampered by the multiple specificity of the fisheries (Silva
Janior et al., 2013), which can only be resolved by monitoring
the elasmobranch bycatch of commercial fisheries, and
conducting research focused on the elaboration of a database
on this bycatch, as well as establishing effective measures of
sustainable management and conservation strategies for the
species (Bonanomi et al., 2018; Dias-Neto, 2011; Dulvy et al.,
2021). These efforts would be complemented by the release of
bycatch immediately after its capture as an important measure
when other mitigatory strategies are not effective, emphasizing
the importance of the participation of the fishers in resolving
this question (Molina & Cooke, 2012; Vooren & Klippel, 2005).
However, very few data are available on the survival rates of
released bycatch for most fisheries (Bonanomi et al., 2017).

It is necessary studies that approach the basic ecological and
biological aspects of the species captured, such as their life cycle
(Bonanomi et al., 2018; Passarone et al., 2019; Silva Junior et al.,
2013), to cover gaps in the information on the life history,
ecology, abundance, and distribution of the species (Jorgensen
et al., 2022). More detailed studies of the impact of post-release
mortality would also be fundamentally important (Molina &
Cooke, 2012). As bycatch likely has significant demographic
impacts on the species captured, there is an essential need for a
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better understanding of the interactions between elasmobranchs
and the different types of fisheries (Bonanomi et al., 2017).

CONCLUSION

The findings of the present study have revealed advances
in the research on the elasmobranch bycatch off the Amazon
coast, while also exposing certain asymmetries and knowledge
gaps. The scientific output on this subject increased gradually
from 2015 onward, reflecting the growing preoccupation with
the conservation of the region’s rays and sharks. Even so, there
were a considerable concentration of studies in Brazilian waters,
and a predominance of research on trawl fisheries, with few data
on gillnets and longlines. This reduces the representativeness
of the available data and highlights the need for more ample
and integrated research efforts that reinforce networks of
collaboration, and improve the professional standing of scientists
and the infrastructure of research institutions.

Two main measures are necessary to support a more precise
and reliable assessment of the impact of fishing fleets on
Amazonian fishery resources, particularly the populations of
sharks and rays: the more precise identification of the species
taken as bycatch by these fisheries, which can be achieved by the
more systematic monitoring of the vessels during their operation
and the monitoring of landings, and investments in the collection
of more up-to-date data, to eliminate existing knowledge gaps,
and provide more reliable information on the biological features
of the elasmobranch species fished in the region, including their
exploitation as a commercial resource and the release of bycatch.
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