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ABSTRACT

Sport fishing has ecological, economic, and social importance, but there are few studies that characterize it
according to the sustainability tripod. Due to this gap, we present a systematic review of the literature to evaluate
the current situation of sport fishing in Brazil. The papers on the subject were systematically evaluated based on
quantitative criteria. Additionally, in order to create a list of the species of interest of sport fishers, the survey of
22 papers was carried out regarding the species caught. A total of 70 complete papers published between 1994
and 2021 were included in the study. Since the 1990s, publications have increased quantitatively, with most
studies coming from the South-Eastern region of Brazil (39.19%). The papers published discussed, in the majority,
the sport fishing carried out in marine environment (55.38%), and the focus was “fishing and fishers” (30%).
Evaluating the sustainability tripod, most of the papers provided only information regarding the ecological aspect
(58.57%). About 330 species of marine and freshwater fish of interest to sport fishers were dealt with in the
studies. This information reflects the current state of knowledge about Brazilian sport fishing, and it can serve as
a basis for the management of the activity and the target species used by fishers. Additionally, the present review
can serve as an aid for future research on this topic.
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A pesca esportiva no Brasil: o estado atual
RESUMO

A pesca esportiva apresenta importancia ecolégica, econdmica e social, mas sdo poucos os estudos que a
caracterizam segundo o tripé da sustentabilidade. Por causa dessa lacuna, apresentamos uma revisdo sistematica
da literatura para avaliar a atual situacdo da pesca esportiva no Brasil. Os artigos foram avaliados sistematicamente
com base em critérios quantitativos. Por fim, com o objetivo de criar uma lista com as espécies de interesse
dos pescadores esportivos, foi realizado o levantamento das espécies capturadas em 22 artigos cientificos.
Foram incluidos no estudo 70 artigos completos, publicados no periodo de 1994 a 2021. Na década de 1990, as
publica¢des incrementaram quantitativamente, sendo a grande maioria estudos oriundos da Regido Sudeste do
Brasil (39,19%). Os artigos publicados em sua maioria abordam a pesca esportiva realizada em ambiente marinho
(55,38%), e o foco principal foi “a pesca e os pescadores” (30%). Avaliando o tripé de sustentabilidade, a maioria
dos artigos trazia apenas informagdes sobre o aspecto ecolégico (58,57%). Cerca de 330 espécies de peixes
marinhos e de 4gua doce de interesse dos pescadores esportivos foram levantadas nos estudos. Essas informacoes
refletem o estado atual de conhecimento sobre a pesca esportiva brasileira e podem servir como base para gestdo
da atividade e das espécies-alvo utilizadas pelos pescadores. De outra forma, a presente revisdo pode servir de
auxilio para as futuras pesquisas realizadas na tematica.

Palavras-chave: Gestdo pesqueira; Pesca recreativa; Recursos pesqueiros; Sustentabilidade.
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INTRODUCTION

Sport fishing is a term used, in general, to define the capture
of fish for fun, where the individual does not use the fishery
resources to meet their basic nutritional needs and the animals
caught are usually neither sold nor traded in the export, domestic
or black market (Pitcher and Hollingworth, 2002; FAO, 2012).

Although this universal definition exists, in Brazil, this
practice is called amateur fishing, which is divided into
recreational and sport fishing, as established in Brazilian
federal legislation (No. 11.959/2009 and No. 4/2009). The main
difference between these two forms is in the catch quota of
fish for recreational fishing. In sport fishing it is mandatory
to practice catch and release, and keeping fish after catching
them is prohibited (ICMBIO, 2009). In the present study, the
terminology used to refer to the fishing activity that aims to catch
fish as a recreational activity will be sport fishing.

Sport fishing is one of the most popular tourism and leisure
activities in the world and it is widely practiced in many countries
(Cowx, 2002; Cooke and Cowx, 2004; FAO, 2012), such as the
United States (Muoneke and Childress, 1994; Siepker et al.,
2007), Australia (McLeay et al., 2002; Broadhurst et al., 2005),
Canada (Brownscombe et al., 2014), European countries (Aas
et al., 2002; Lloret et al., 2008; Veiga et al., 2011; Tunca et al.,
2016; Pita et al., 2018; Martinez-Escauriaza et al., 2020), and
Brazil (Catella, 2004; Fabri, 2005; Holley et al., 2008; Peixer
and Petrere Junior, 2009; Sobreiro et al., 2010; Barcellini et al.,
2013; Barrella et al., 2016a; 2016b; Alves-Junior et al., 2020).
This activity is also recognized as being of ecological importance
(because it has an impact on the environment and food chains, as
well as promoting environmental awareness), economic (because
the market is worth billions of US$) and social (because it is
a traditional and cultural activity, which is passed on between
generations) (Pitcher and Hollingworth, 2002; Cooke and Cowx,
2004; FAO, 2012; Fenichel et al., 2013).

These three aspects together make up the sustainability tripod
that is internationally known as the triple bottom line (TBL) and,
by using the ecological or environmental, economic and social
lines, it provides a framework to measure the performance of the
activity and its success (Elkington, 1997). Considered a benign
activity, sport fishing has importance within the lines of the
tripod (Pitcher and Hollingworth, 2002). However, there are few
studies that characterize it according to the criteria proposed by
the TBL (Arlinghaus and Cooke, 2009).

Due to this gap, we present a systematic review of the
literature to evaluate the current situation of sport fishing in
Brazil and discuss the following questions:
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*  What is the temporal trend of publications on sport fishing
in Brazil?

*  How many papers are published per geographical region?

*  What types of environment were studied?

*  What are the main focuses of study in the publications?

*  Which aspects of sport fishing have been studied the most in
relation to sustainability (ecological, economic and social)?

*  What species are of interest to sport fishers?

MATERIALS AND METHODS

Search system

Considering the time interval from 1945 (limit on search
platforms) to June 2021, a systematic keyword-based review
was carried out using four databases: Google Scholar (scholar.
google.com.br), journals from Coordenagdo de Aperfeicoamento
de Pessoal de Nivel Superior (CAPES) (www-periodicos-capes-
gov-br), Scopus (scopus.com), and Web of Science (apps-
webofknowledge). In the Google Scholar and Periédicos CAPES
platforms, five search terms were used in Portuguese since it
is a platform that searches for papers published in Portuguese
(Fig. 1), while in the Scopus and Web of Science platforms, in
order to locate papers published in English, the same terms were
searched in English, totaling 10 search terms (Fig. 1).

Selection criteria

The searches carried out on the platforms resulted in 648
publications, originating from papers, end of course papers
(monographs, dissertations, and theses), book chapters and
summaries of work presented at scientific events (Fig. 1).
Following this, a refinement in the search was carried out on the
basis of a time interval, language and type of document, which
resulted in 191 complete papers (457 papers were removed)
(Fig. 1). The remaining papers were exported to a digital
spreadsheet (Microsoft Excel 2019) for organization and final
refinement. At this stage, duplicated papers were excluded, and
the selection and permanence of the paper for further analysis
were carried out based on the reading of the title and abstract.
Finally, 121 papers were excluded, leaving 70 complete papers
for analysis (Fig. 1).

Collection of information

The papers were systematically evaluated based on
quantitative criteria (Table 1) in order to summarize, evaluate and
present the current situation of sport fishing in Brazil. Some papers
contained information from two or more Brazilian states, so the
data presented in some analyses may not necessarily represent the

number of complete papers incorporated in the study.
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Steps

Database

Decisions

Brazil* AND pesca esportiva AND Brazil* AND sport fishing* AND

Results

4 Database

10 terms
5 in Portuguese

the systematic review

Search terms (pesca recreativa OR pescador ~ (recreational fishing OR sport + 5 in English
amador OR pesca esportivo) angling OR recreational angling)
648 studies

Search results 400 248

0 di Period: 1945 - 2021 191 papers
Filter according Language: English and Portuguese pap

to criteria Type of document: Original paper
Export to Excel® Exclusion of duplicated papers
Reading of title and abstract
Papers included in 70 papers

Figure 1. Flow chart with stages, decisions, and results of the systematic search of publications on sport fishing in Brazil, in the
period from 1945 to 2021. Boolean operators used: AND, OR and asterisk.

In order to obtain information on the aspects that comprise the
sustainability of an activity, i.e., the ecological, economic and social
aspects, each paper was organized into six categories (Table 2).

A survey of all the species caught by sport fishers was carried
out with the aim of creating a list of the species of interest for
sport fishing aficionados. Using the FishBase database (www.
fishbase.se), information on the maximum length, environment
of origin, and trophic level of each species was included, as well
as the taxonomic classification, which was conducted according
to Van der Laan et al. (2021).

The species were grouped into three categories in relation to
the environment of origin:

* Freshwater: freshwater species that migrate only in fresh
water (potamodromous);
* Marine: marine species that migrate only in salt water

(oceanodromous);

* Freshwater-marine: species that use both environments during
their life cycle (diadromous, anadromous, catadromous, and
amphidromous).

The trophic level, obtained from the FishBase website,
was used to group the species into three trophic categories:
carnivorous/piscivorous, herbivorous, and omnivorous (Pauly
and Palomares, 2000).

Data analysis

Based on the quantitative criteria, the data extracted were
evaluated using descriptive statistics (mean and standard deviation),
absolute frequency (N) and relative frequency (%) (Zar, 2010).

RESULTS

A total of 70 complete papers were included in the study,
which addressed the sport fishing activity in Brazil, and had
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Table 1. Categories established for the evaluation of papers about Brazilian sport fishing published between 1945 and 2021.

Category

Description

Publications

Temporal distribution of publications
on Brazilian sport fishing

Number of publications per year

Number of publications according
to Brazilian geographic region

Location of the study described in the title and verified in the Material and
Methods section

Study environment

Marine

Estuary, bay, beach, coastal lake, and reef

Freshwater

Lake, “fish and pay” nursery, reservoir, and river

Focus of the paper

Eye injuries

Accidents occurring during sport fishing

Fish stocks

Assessment of the fishing stock using sport fishing data

Introduction of new species

Species introduced for sport fishing

Fishing Fishing techniques

Fishers Social and ecological (socio-ecological) aspects involving sport fishers, such as
demographic aspects, species caught and fishing areas

Fishing and fishers Fishing techniques and social and ecological (socio-ecological) aspects of sport fishers

Catch and release

Mortality after catch and release

Economic potential

Assessment of the economic value of sport fishing

Live bait production

Production of foraging species for sale as live bait

Water quality

Assessment of water quality where sport fishing is carried out

Sustainability of the activity

Assessment of the sustainability of sport fishing, considering the ecological, economic,

and social aspects of the activity

Table 2. Category established for grouping papers about
Brazilian sport fishing published between 1994 and 2021.

N Category Description
. Information about the environment
1 Ecological .
and the species caught
: Information about the economic
2 Economic .
value of sport fishing
Information about demographic
and social aspects of sport
. fishers, as well as social issues
3 Social

within the activity of sport
fishing, such as accidents in the
practice of the activity

4 Socio-ecological Social and ecological aspects

5 Socio-economic Social and economic aspects

Ecological, Ecological, economic, and

economic and social social aspects
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publication dates from 1994 to 2021 (Suplementary data 1).
In general, the number of publications has been increasing
since the first paper published in 1994, with the years 2016
(N = 8) and 2020 (N = 12) presenting the largest quantities of
publications (Fig. 2).

The first paper found during the systematic review, published
in 1983 in the Boletim de Ciéncia do Mar journal (Suplementary
data 1), predates the earliest date of the papers incorporated
in the study. However, it was not incorporated into the study,
since online access to it was unavailable. Thus, the first paper
considered in the study was the one published in 1994.

Since the 1990s, several studies have been developed in
different Brazilian geographical regions (Figs. 3a and 3b).
Our results indicate that most of the papers published come
from the South-Eastern region (39.19%, Fig. 3a), while the Mid-
Western region presented the lowest amount (9.46%, Fig. 3a).

At the state level, Sdo Paulo (32%) is the state with
the highest concentration of published papers, followed
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Figure 2. Temporal pattern of publications of papers on sport fishing in Brazil, considering 22 years of data.
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Figure 3. Number of papers published about Brazilian sport fishing, considering: (a) geographic regions and (b) Brazilian states.

There is no information regarding review papers that deal with sport fishing at a countrywide level (number of review papers = 6).

by Amazonas (10.67%), Parana (8%) and Bahia (6.67%)
(Fig. 3b). There were no published papers on studies
evaluating sport fishing in seven Brazilian states, nominally:
Acre, Alagoas, Amapa, Distrito Federal, Piaui, Rondonia, and
Tocantins (Fig. 3b).

Just over half of the papers published analyzed sport
fishing in the marine environment (55.38%), with emphasis on
the estuary region (41.67%) and the coastal region (33.33%)
(Fig. 4a). However, in freshwater environment most of the papers
conducted studies on sport fishing in rivers (68.97%) and in “fish
and pay” nurseries (17.24%); these are places where fishers pay
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to catch fish that are being raised in nurseries located on private
property (Fig. 4b).

The focus of the papers was “fishing and fishers” (30%),
followed by “fishing stock” (28.57%) (Fig. 5). When evaluating
them according to the sustainability tripod (ecological,
economic, and social), most of the papers were focused on
the ecological aspect of the activity (58.57%), followed by
the socioeconomic (18.57%) and social (8.57%) aspects
(Fig. 6). Only two papers jointly addressed two aspects of the
sustainability of sport fishing, both of which were literature
review papers (2.86%; Fig. 6).
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In all environments evaluated, 330 species of fish of interest
to sport fishers were found. Among them, 286 species were
identified at the lowest taxonomic level, and belong to 30 orders
and 80 families (Suplementary data 2). The remaining species
(44) were identified only at the genus level. The results show that
most species are of marine origin (49%), followed by those of
freshwater origin (43.7%), and 7.3% inhabit freshwater-marine
environments (Table 3).

20
15+
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Quantity (N)

Nurseries Lakes Reservoirs
Freshwater environment

River

The species of the families Carangidae (14.3%),
Sciaenidae (11.4%), Serranidae (7.9%), and Scombridae
(7.9%) arouse greater interest in sport fishers who
performed the activity in marine environments. In freshwater
environments, representatives of the families Cichlidae
(20.8%), Pimelodidae (15.2%) Serrasalmidae (12.8%), and
Anostomidae were the main targets (12%) (Suplementary

data 2).

15+

10

| I

SE B B BN e

Estuary Coast Beach  Reef Bay
Marine environment

Quantity (N)

Figure 4. Environments evaluated in papers published between 1994 and 2021 about Brazilian sport fishing. This quantity does not

contain information regarding review papers (review papers = 6).
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Figure 5. Focal theme of papers published between 1994 and 2021 about Brazilian sport fishing.
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Figure 6. Main aspects of the sustainability of Brazilian sport fishing addressed in papers published between 1994 and 2021.
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Table 3. Quantities of the species of interest of Brazilian sport fishing according to environment and trophic category.

. Trophic category
Environment N
Carnivore/piscivore (n) Herbivore (n) Omnivore (n)
Freshwater 125 41 42 39
Marine 140 63 65
Freshwater/marine 21 10 9
Total 286 114 53 113

N: number of species.

Regarding the trophic level, the target species of sport
fishing were mainly carnivorous/piscivorous (40.7%), and
omnivorous (40.4%), followed by herbivorous (18.9%).
When evaluated according to the environment of origin, the
sport fishing species of marine origins were mainly omnivores
(47.4%),
herbivores (6.6%). In freshwater, the species were mostly

followed by carnivores/piscivores (46%), and
herbivorous (34.4%), carnivorous/piscivorous (33.6%), and
omnivorous (32%) (Table 3).

DISCUSSION

The number of publications on sport fishing in Brazil
since 1994 has increased since the first decade of publication,
considering 1945 as the first year of the survey. This increase
may be related to the attention that the activity has received,
especially after the emergence of conflicts with other users,
since different actors use the same resources, whether spatial
or fishing (Sobreiro and Freitas, 2008; Sobreiro et al., 2010).
Moreover, the growth of activity and its economic importance
in different environments and Brazilian states (Albano and
Vasconcelos, 2013) are also perceived, since the activity
involves an extensive production chain, which includes the air
travel, travel agencies, fishing tourism companies, clothing and
gear, among others.

Although the studies on sport fishing are centralized in
the South-Eastern and North-Eastern regions, they were also
conducted in other regions of Brazil (Fig. 3a). This centralization
may be related to the ease of access to the locations as it is
classed as urban fishery, i.e., one carried out near cities and urban
centers (Albano and Vasconcelos, 2013). These places are safe
and have infrastructure for carrying out the activity, which is
considered a great cost benefit since fishers can access the places
by land and return to their homes on the same day, spending
only a few hours fishing (Silva et al., 2016; Alves-Junior et al.,
2020). In the municipality of Santos, Sdo Paulo state, most of
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the fishers who use the fishers’ deck (fishing spot known among
users) reside in the municipality itself (50%), or within the limits
of the state of Sdo Paulo (50%), a situation that facilitates travel
by land via automobile, bicycle, motorcycle or bus (Barrella
et al., 2016a). However, fisheries are usually also carried out in
beach environments (Freire et al., 2014; 2017) and from fishing
platforms (Barrella et al., 2016a; Alves-Junior et al., 2020).

On the other hand, in a freshwater environment, the activity
is mainly carried out on rivers, such as the central region of the
Negro River basin, municipality of Barcelos, Amazonas state,
(Barroco and Freitas, 2014; Lubich et al., 2021; 2023) which
is in the style of tourist sport fishing due to the distance of the
region from large urban centers (Albano and Vasconcelos, 2013).
These fisheries are carried out on boats (Lubich, C; Siqueira-
Souza, F.; Freitas, C., 2023) and the dynamics are more complex.
Fishers typically buy packages for a period of seven days
(Lubich, C; Siqueira-Souza, F.; Freitas, C., 2023), which cost
around US$ 3,000 during the main fishing season (Freitas and
Rivas, 2006). According to Shrestha et al. (2002), the practice of
tourist sport fishing has a higher value than urban sport fishing,
since many costs include flights and travel to the fishing area,
as well as the fishing package, which has full accommodation,
fishing guides and fisheries logistics.

Regarding the focus of the papers, the results presented
“fishing and fishers” as the main topic of research in Brazil.
These papers, in general, mainly provide information on the
characteristics of sport fishing, such as fishing sites, species
caught, length of species caught and fishing licenses, as well as
socio-economic aspects of fishers, such as gender, occupation,
equipment and baits used. Data regarding the fishers is also
mentioned, such as the observation that the majority are male
(90%), ranging in age from 7 to 88 years (43.66 = 27.28) (Pereira
et al., 2008; Peixer and Petrere Junior, 2009; Barcellini et al.,
2013; Tsuruda et al., 2013; Freire et al., 2014; Barrella et al.,
2016a; Barrella et al., 2016b; Silva et al., 2016; Freire et al.,
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2017; Felizola-Freire et al., 2018; Alves-Junior et al.; Lubich et.
al., 2023), and have a monthly income that exceeds US$ 352
(Schork et al., 2010; Freire et al., 2012; Abreu et al., 2015).

The theme “sustainability” was the subject of analysis in
several areas of research that involve the relationship of people and
the environment (Elkington, 1997). Most of the papers on sport
fishing in Brazil are aimed at presenting the ecological aspects of
the activity, though leave out the evaluation of the cultural, social,
and economic impacts that it exerts. The only two studies found
addressed the three aspects together, and discussed the absence
of management and incentives for the activity. These pointed to
problems such as lack of training courses for tour guides, lack of a
development plan of the activity, lack of supervision, and absence
of environmental education initiatives involving sport fishers
(Albano and Vasconcelos, 2013; Vitdrio and Vianna, 2016).

Aris et al. (2017) carried out an evaluation of economic,
social and management aspects of marine recreational fishing
in Indonesia and concluded that the activity presented a high
score in the sustainability index, but with less evidence for
the environmental/ecological aspect. In Brazil, yet there are
no published studies that jointly evaluate the aspects of the
sustainability tripod (economic, ecological, and social), or provide
an indication of the real situation of the activity. However, sport
fishing appears to be sustainably economical, as, according to
Shrestha et al. (2002), the value of sport fishing for the Brazilian
Pantanal alone fluctuates between US$ 35-56 million annually.

Among the papers with an ecological focus, one of the most
discussed topics is the evaluation of fish stocks, mainly in reef
areas, as well as the effect of species introduction, either as a
target species for sport fishing or for use as bait. Assessments
of stocks of reef species that are exploited in sport fishing have
received attention, since species such as groupers, snappers and
parrot fish can be considered vulnerable due to their biological
characteristics (large body size, late maturation and seasonal
reproduction, shoal formation and absence of fear of humans)
(Samia et al., 2019). As a consequence, some stocks have shown
signs of overexploitation (Oliveira Freitas et al., 2011; Moura
et al., 2013; Giglio et al., 2020).

Another factor of great importance associated with the
ecological aspect of sport fishing is the introduction of species.
In Brazil, species introductions are the result of formal stocking
programs that are supported by the State and due to the perceived
lack of adequate native species, but may be due to cultural
imperialism or illegal stocking with the aim of encouraging
sport fishing in certain locations (Vitule, 2009; Vitule et al.,
2009). Several species, such as Salminus brasiliensis (Cuvier
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1816) (Vitule et al., 2014), Micropterus salmoides (Lacepede
1802), Erythrinus erythrinus (Bloch & Schneider 1801),
Hoplerythrinus unitaeniatus (Spix & Agassiz 1829) (Britton
and Orsi, 2012), Pygocentrus nattereri (Kner 1858), Astronotus
ocellatus (Agassiz 1831), Clarias gariepinus (Burchell 1822),
Oreochromis niloticus (Linnaeus 1758), Hoplosternum littorale
(Hancock 1828), Colossoma macropomum (Cuvier 1816) (Latini
et al., 2004), and the species of the genus Cichla (Latini et al.,
2004; Pelicice and Agostinho, 2009; Britton and Orsi, 2012;
Ferraz et al., 2019) have been reported in basins other than those
of their origin. The introductions of these species can quickly
result in a significant decline in the diversity of native fish
species and, therefore, are a potential threat to local biodiversity
(Pelicice and Agostinho, 2009; Vitule, 2009; Vitule et al., 2009;
Britton and Orsi, 2012).

Another problem reported in the literature is the use of fish
eggs as bait. Machado et al. (2020) cite that, in the South-Eastern
region of Brazil, sport fishing of Genidens barbus (Lacepéde
1803) is carried out with eggs of the same species as natural bait.
The adoption of this practice can intensify the pressure of fishing
on their populations, and the use of other species as bait can also
cause indirect introduction to the environment and affect the way
of life of fish.

Many species are the target of sport fishing. Zeinad and
Prado (2012) list 114 species of freshwater fish, and Anon (2015)
cites that approximately 60 species of marine fish are of interest
to fishers. Our results show the existence of 286 species that
are of interest to sport fishers, and 44 more species that have
been identified only at the genus level. Sport fishing involves the
catching of fish of different classes, including chondrichthyans
(sharks and rays) and actinopterygians (fish with radiated fins).
Although there are laws that prohibit the capture, transport,
storage, management, processing, and marketing of species
classified in categories such as critically endangered (CR),
endangered (EN) and vulnerable (VU), and those constantly
included in the official National List of Endangered Species of
Fauna-Fish and Aquatic Invertebrates (MMA No. 445/2014,
MMA No. 98/2015, and MMA No. 163/2015), some of these
species, such as Megalops atlanticus (Valenciennes 1847) (VU),
Brycon insignis (Steindachner 1877) (EN), Brycon orbignyanus
(Valenciennes 1850) (EN), Genidens barbus (Lacepéde 1803)
(EM), Sciades parkeri (Traill 1832) (VU), Scarus trispinosus
(Valenciennes 1840) (EM), Thunnus thynnus (Linnaeus 1758)
(CR), and Makaira nigricans (Lacepéde 1802) (EN), have been
cited in the papers as being caught and/or making up part of the
landings of sport fishers.
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In general, as a result of this review, the absence of papers
with the main objective of evaluating the sustainability of
sport fishing and which consider the tripod (ecological or
environmental, economic and social) is evident. The only two
studies found that addressed the subject during the systematic
review were review papers. Considering that the study was
conducted in a universe of 22 years of scientific publication on
the subject, it is recommended that new studies should take into
account the sustainability tripod, since this information can be
useful for activity management. This is mainly due to the fact
that the use of resources is shared by different users who have
different objectives, as it is the case of commercial and sport
fishing, which in some regions share the same fishing sites
and same species with different objectives for the fish caught,
culminating in greater pressure of use on the resource.

The information presented here reflects the current state of
studies and knowledge about Brazilian sport fishing, and can
serve as a basis for the management of the vulnerable species that
are used by fishers and the activity, as well as an inspiration for
future research that may be carried out in relation to this theme.
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