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ABSTRACT

This study characterizes the bycatch associated with Arapaima gigas fisheries in the Cautario River, Rond6nia, Brazil,
where the species occurs as an invasive species. Fisheries monitoring was conducted during the low-water period
(August to October 2025), when A. gigas capture rates intensify. During this period, 69 bycatch individuals were
recorded, belonging to nine species, distributed in seven families and eight orders. Vertebrates were predominant,
with reptiles and fish accounting for more than 68% of the incidental captures. The turtle Podocnemis unifilis was
the most frequent species (36.23%), followed by the fish Colossoma macropomum (31.88%) and Phractocephalus
hemioliopterus (11.59%). The limnological parameters remained within ranges compatible with the sampled aquatic
environments and favorable to the occurrence of non-target species recorded in the fisheries. The results indicated
that the high taxonomic diversity and representation of non-target species reflect the low selectivity of the fishing
gear used in A. gigas fisheries. These findings highlight the importance of continuous monitoring of the bycatch as an
essential tool for the adaptive management of A. gigas fisheries in the Cautario River, part of the Guaporé River basin.
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Composicao da fauna acompanhante associada as pescarias de Arapaima gigas em
ambientes loticos e 1énticos da bacia do Rio Cautario, Rondonia, Brasil

RESUMO

Este estudo caracteriza a fauna acompanhante (bycatch) associada a pesca de Arapaima gigas no Rio Cautario,
Rondonia, Brasil, onde a espécie ocorre como invasora. O monitoramento das pescarias foi realizado no periodo de
aguas baixas (agosto a outubro de 2025), quando a captura do A. gigas é intensificada. Nesse periodo foram registrados
69 individuos da fauna acompanhante, pertencentes a nove espécies, distribuidas em sete familias e oito ordens. Entre
eles, os vertebrados foram predominantes, como os répteis e peixes, que representaram mais de 68% das capturas
incidentais. O queldnio Podocnemis unifilis foi a espécie mais frequente (36,23%), seguida pelos peixes Colossoma
macropomum (31,88%) e Phractocephalus hemioliopterus (11,59%). Os parametros limnoldgicos mantiveram-se em
faixas compativeis com os ambientes aquaticos amostrados e favoraveis a ocorréncia das espécies ndo alvo registradas
nas pescarias. Os resultados apontaram que a diversidade taxonémica e a elevada representatividade de espécies
ndo alvo das pescarias indicam baixa seletividade dos apetrechos utilizados na pesca do A. gigas. Essas informagdes
evidenciam a importancia do monitoramento continuo da fauna acompanhante como ferramenta essencial para o
manejo adaptativo da pesca de A. gigas no Rio Cautdrio, integrante da bacia do Rio Guaporé.

Palavras-chave: Arapaima invasor; Estoque pesqueiro; Bacia do Rio Guaporé; Pesca comunitaria; Pesca acidental.
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INTRODUCTION

Arapaima gigas (Schinz, 1822) is one of the largest scaled
freshwater fish in the world, attaining lengths of up to 3 m and
over 240 kg in weight (Carvalho, 2014). It represents a fishery
resource of high economic, social, and cultural importance for
riverine communities in the Amazon basin, whose subsistence
and income are closely linked to fishing activities (Arantes et al.,
2007; Gongalves, 2018). In the state of Amazonas, Brazil, the
sustainable management of A. gigas has become a strategy
that integrates environmental conservation with the generation
of community income. This practice enables the regulation of
fishing, the protection of breeding areas, and the sustainable use
of fishery resources, which directly benefit riverine communities
(Casara, 2015). The participatory management of the species
represents an example of sustainability by involving traditional
communities and urban fishers, promoting the recovery of fish
stocks, the generation of employment and income, as well as
social and gender equity (Gongalves & Santos, 2024).

Arapaima gigas is native to the Amazon and Essequibo
River basins and inhabits a wide range of continental aquatic
environments, most commonly floodplain lakes, but also rivers,
flooded forests and coastal drainages. During the low-water
period, the species can also be found near river beaches and in
small stream channels (igarapés) (Figueiredo, 2013). In addition
to its ecological importance as a top predator that plays a key role
in regulating energy and nutrient flows in aquatic ecosystems
(Castello et al., 2019), 4. gigas exhibits biological characteristics
that increase its vulnerability to fishing. The species is piscivorous
and prefers preying on detritivorous and omnivorous fish, although
it also consumes plant material and small animals, such as aquatic
insects (Oliveira et al., 2005; Pereira et al., 2026; Queiroz, 2000).
Additionally, 4. gigas possesses a modified swim bladder that
functions as an accessory respiratory organ, requiring individuals
to surface at regular intervals of approximately 5—15 minutes
(Brauner et al., 2004; Fernandes et al., 2012; Silva et al., 2013).
This predictable behavior makes it an easy target for fishers, which
increases pressure on its natural stocks (Gongalves, 2018).

Inadditiontobeingtargeted by extractive fisheries, A. gigashas
become increasingly important in aquaculture in Latin America
due to its rapid growth, adaptability to commercial feeds, high-
quality meat, and strong market demand (Gonzalez-Callirgos
et al., 2023; Ramos & Lopez, 2024). However, the fragility
of some farming systems has led to accidental escapes of
A. gigas, resulting in its introduction into non-native areas and
subsequent impacts on local fish communities (Pereira et al.,
2026; Van Damme & Carvajal-Vallejos, 2013). In the state of
Rondoénia, for example, the spread of 4. gigas as an invasive
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species has altered the fishery dynamics in the Guaporé River
basin due to its high adaptability and strong predation pressure on
native fish communities (Cataneo et al., 2022; Pereira et al., 2026).

Fishing activities in Amazonian continental environments can
be conducted in various modalities, depending on objectives, scale
of operation, and the way resources are utilized. In this context,
the intensified capture of 4. gigas, driven by its high commercial
value and cultural significance, has highlighted an additional
concern associated with fishing: the incidental capture of non-
target organisms, commonly referred to as bycatch (FAO, 2019).

Global estimates indicate that between 2010 and 2014,
approximately 9.1 million tons of fish were discarded annually,
representing 10.8% ofthe world’s fishery production (FAO, 2020).
Bycatch can involve both commercially valuable species that are
exploited unsustainably, as well as threatened or legally protected
species, whose capture is prohibited (Squires et al., 2021).
Therefore, fishery discards represent a waste of resources and can
have significant impacts on aquatic biodiversity, sometimes leading
to the collapse of populations within a short period of time (Gilman,
2011; Kelleher, 2005). In this sense, understanding accidental
catches is essential for improving sustainable management plans
for A. gigas, since these events may affect not only target fisheries
but also the ecological balance of associated aquatic communities.

However, the selectivity of fishing gear is often limited by
technical, operational, and ecological factors, resulting in the
incidental capture of non-target species in different fishery contexts,
in both marine and freshwater environments (FAO, 1995; 2019).
Thus, since multiple species share the same habitat, fishers rarely
manage to capture only a target species without also unintentionally
catching other ones (Alverson & Hughes, 1996; Pascoe, 1997).

In this context, fishery management must reconcile
biological, economic, and social dimensions, addressing the
environmental and social impacts associated with bycatch
(Hall et al., 2000; Hilborn & Walters, 1992). Fish and other
aquatic organisms accidentally caught during the fishing of a
target species do not always have commercial value (Hall, 1996)
and are often returned to the aquatic environment, with bycatch
disposal frequently regarded as a waste of fishery resources and
inconsistent with responsible fishing practices (Kelleher, 2005).

Despite this, even when they are not of commercial interest,
species captured as bycatch are subject to environmental
pressures that can lead to population declines (Gilman, 2011;
Pauly et al., 2002). This situation becomes even more concerning
when such populations are already declining or threatened with
extinction (Squires et al., 2021). A typical example involves
species belonging to the family Sciaenidae, considered one of
the most important fishery resources in coastal and estuarine
waters worldwide, and which are frequently recorded as bycatch
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(Rosendo, 2022). Among them, Stellifer microps stands out due
to its high abundance in the number of individuals discarded in
fisheries, commonly recorded in estuaries of the northern and
northeastern regions of Brazil (Barletta-Bergan et al., 2002),
raising management concerns regarding conservation issues
and the ecological and economic impacts of fishing activities
(Alverson & Hughes, 1996).

In the Amazon, studies on bycatch have also been conducted
in different fishery contexts, such as the bycatch of the crustacean
Farfantepenaeus subtilis in industrial fisheries on the Amazon
continental shelf (Cintra et al., 2017) and the industrial fishery of
Brachyplatystoma vaillantii in the Amazon estuary (Marceniuk etal.,
2023). However, little is known about the bycatch associated with
the managed fishery of 4. gigas, particularly in protected areas such
as the Cautario River in the state of Rondonia, Brazil.

In this context, the present study aimed to characterize the
composition of the bycatch associated with 4. gigas fisheries in
the Cautario River basin and to describe its occurrence across
lotic and lentic environments sampled during the dry season.
The environmental data obtained in the study were used to

64°10°'W

11°47°S

! Jacaré Strem Pool

b

Key:

= Cautario River

@ Collection points

Cautario River

{ Jardi Lake

."Marginal Lake

Volta Morta

ICMBio Base

11°53’S

64°10°W

characterize the limnological conditions of the fishing sites
during the monitoring period. The data from the present study
provide relevant information that may contribute to conservation
and management actions for the aquatic ecosystems in this
region of the Amazon basin.

MATERIALS AND METHODS

Study area and characteristics

Data collection was carried out during A. gigas fisheries along
the main channel and marginal lakes of the Cautério River basin
(Fig. 1). A total of five collection points were monitored in the
study area: ICMBio Base, Marginal Lake, Jacaré Stream Pool,
Volta Morta, and Jardi Lake. The lotic environment corresponded
to the main channel of the Cautario River, whereas the lentic
environments corresponded to the marginal lakes. Sampling took
place in two campaigns between August and October 2025 (dry
season), with no repetition of collection points among campaigns.
These activities were conducted by extractive community
members and residents of the study area.

64°5°W

60°0°W

40°0°'W

11°47°S
°0’S

20°0°S

0250 500 km
L]

10°0°’S

X
¥

12°0’S

0 50,100 km
| n
62°0'W

64°0°'W

11°53’S

DATUM SIRGAS 2000
Transverse Mercator Projection
Source: IBGE - 2024, ANA - 2019
Elaborated by: Samara Pereira

64°5°W

Figure 1. Location of Arapaima gigas fishing sites in the Cautario River Extractive Reserve, in the state of Rondonia, Brazil.

Bol. Inst. Pesca, 2026, 52: e1014 | https://doi.org/10.20950/1678-2305/bip.2026.52.e1014

3/10


https://doi.org/10.20950/1678-2305/bip.2026.52.e1014
https://creativecommons.org/licenses/by/4.0/deed.en

Composition of the bycatch associated with Arapaima gigas fisheries in lotic and lentic environments of the Cautario River basin, Rondonia, Brazil

Managed fishing of Arapaima gigas and identification
of associated bycatch

For the present study, fishing sectors were identified
and selected, followed by counts of 4. gigas conducted
by managers and environmental agents, according to the
methodology recommended by Castello (2004). After these
steps, camps were set up for community members near the
fishing sites, aiming to improve access to the fisheries and to
facilitate the cleaning, storage, and transport of the captured
A. gigas specimens.

Fishing activities were conducted under environmental
license No. 12/2023-CGFau/DBFlo, issued by Brazilian Institute
of Environment and Renewable Natural Resources (IBAMA),
and the research project was approved by the Ethics Committee
on the Use of Animals of the Universidade Federal de Rondonia,
under No. 003-2024-A.

During the fisheries, gillnets of different sizes were used, with
mesh sizes ranging from 26 to 31.5 cm between opposite knots, in
order to reduce the likelihood of capturing native fish species and
small individuals. The nets used in the study measured 70-m long
and 3-m high, corresponding to the dimensions commonly used
by fishers in the region. The nets were deployed using different
techniques, namely set, encircling and driving (Ferreira, 2022).
During fishing activities, the gillnets were inspected every 3
hours and remained in the water for a total of 24 hours, allowing
the release of native ichthyofauna accidentally entangled in the
nets whenever possible.

After inspection of the fishing gear, the entangled specimens
were photographed and recorded on field data sheets for
subsequent identification using specific taxonomic keys for fish
(Queiroz et al., 2013). The identification of the chelonians was
based on the guide by Ferrara et al. (2017), while identification of
the crocodilian (Caiman crocodilus) followed the morphological
criteria described by Magnusson et al. (2010). Handling of the
individuals was carried out rapidly, followed by the immediate
release of the specimens, in order to avoid stress and potential
harm to the animals.

Limnological and environmental data collection

Parallel to the 4. gigas fisheries, physical-chemical water
data were collected to assess environmental conditions. For
this purpose, the parameters selected were temperature (°C),
dissolved oxygen (DO), hydrogen potential (pH), and electrical
conductivity (EC). For the collection of environmental data,
a digital multiparameter probe (Senso Direct 150) and the

colorimetric method (ALFA-KIT) were used. Measurements
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were taken twice during the fisheries, at the five collection
points, at a mean depth of 0.5 m. All data were tabulated in
electronic spreadsheets and subsequently analyzed using
specific statistical software.

Statistical analysis of the data

The frequency values of fish and other vertebrates
identified as bycatch, as well as the physical-chemical water
parameters, were subjected to descriptive statistics to calculate
mean values and standard deviations (SD =), following Zar
(2010). These analyses were used to describe the taxonomic
composition of the associated bycatch and to characterize the
environmental conditions of the sampled fishing sites during
the study period.

RESULTS

During the 4. gigas fisheries, 69 bycatch individuals were
captured, belonging to nine species, distributed in seven families
and eight orders. The composition of the associated bycatch was
dominated by vertebrates, with emphasis on ichthyofauna and
herpetofauna (Table 1).

The associated bycatch was composed mainly of two
taxonomic classes, reptiles and fish, which together accounted
for more than 68% of the total incidental captures (Fig. 2).
With 36.23%, chelonians of the species Podocnemis unifilis
stood out as the most frequent among the captures. In contrast,
the fish Colossoma macropomum accounted for 31.88% of
bycatch occurrences.

The third most frequent species, also belonging to the
fish group, was the catfish Phractocephalus hemioliopterus,
which accounted for 11.59% of the captures. The remaining
six species, with individual relative frequencies ranging from
1.45 to 10.15%, represented by fish (Potamotrygon motoro,
Chelus fimbriata, Piaractus brachypomus, Pseudoplatystoma
tigrinum, and Cichla kelberi) and the reptile (C. crocodilus),
occurred less frequently, together accounting for 20.3% of the

total individuals recorded.

Physical-chemical parameters of the water

The physical-chemical parameters of the water (DO,
temperature, EC, and pH) were monitored concurrently with
fishing activities, providing an overview of the limnological
and environmental conditions during the study period (Table 2).
These data were used to characterize the environmental
context in which the bycatch was recorded, allowing a broader

interpretation of the fishing sites during the monitoring period.
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Table 1. Taxonomic composition and capture frequencies of the
associated bycatch in Arapaima gigas fisheries conducted in
the Cautario River, Rondonia, Brazil.

Relative
T Absolute §
axonomy requency
frequency (%) 0 ll.S_cm
Chondrichthyes
Myliobatiformes
Potamotrygonidae
Pot t t
onamo rygon motoro 3 435 |
(Miiller & Henle, 1841) 0 3cm
Actinopterygii
Siluriformes
Pimelodidae
Phractocephalus hemioliopterus g 11.59
(Bloch & Schneider, 1801) ' - =
Pseudoplatystoma tigrinum 1 1.45
(Valenciennes, 1840) ’
Characiformes
Serrasalmidae
Colossoma macropomum 9 31.88 o j— [ —
(Cuvier, 1818) Figure 2. Animal species of the associated fauna from Arapaima
Piaractus brachypomus | 145 gigas fisheries. (a) Potamotrygon motoro, (b) Phractocephalus
(Cuvier, 1818) ’ hemioliopterus, (c) Pseudoplatystoma tigrinum, (d) Colossoma
Cichliformes macropomum, (€) Piaractus brachypomus, (f) Cichla kelberi
Cichlidae (adapted from Andrade & Pelicice, 2022), (g) Chelus fimbriata
Cichla kelberi ] s (adapted from Lasso et al., 2018), (h) Caiman crocodilus.
(Kullander & Ferreira, 2006) '
Reptilia Table 2. Physical and chemical parameters of the environments
Testudines in which Arapaima gigas fisheries were conducted in the
— Cautario River Extractive Reserve, Rond6nia, Brazil.
Podocnemididae
Parameters
Podocnemis unifilis 25 36.23 Collection =
(Troschel, 1848) . points DO Temperature Conductivity
: mgl)  (°0) (uS/em)
Chelidae :
ICMBio
Chelus fimbriata | L4s Base 7.75 29.70 £ 00 33.94 8.30
(Schneider, 1783) Marginal
o 7.73 31.02 £ 0.01 31.63 7.60
Crocodilia Lake
Alligatoridae Jacaré
7.94 27.85+0.49 33.38 7.90
Caiman crocodilus ; 10.15 Stream Pool
(Linnaeus, 1758) ' Volta Morta 7.80 27.55 +0.66 36.63 7.80
Total 69 100 Jardi Lake 7.62 31.00 +0.50 33.43 8.20
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DISCUSSION

The results obtained in this study showed that incidental
bycatch was composed mainly of chelonians, frugivorous, and
carnivorous fish, followed by caimans. The frequency of bycatch
of these animals remains a recurring challenge in 4. gigas fisheries
conducted in the Cautario River Extractive Reserve region.

However, the presence of P. unifilis in fishing nets corroborates
the classic observations of Miorando et al. (2013), who described
the high susceptibility of this species to incidental capture during
critical phases of its life cycle, such as reproductive movements.
Similarly, studies conducted in other Amazonian river systems
indicate that the use of gillnets tends to strongly impact chelonian
populations in areas with intense fishing activity (Rebélo &
Pezzuti, 2000).

When comparing the results of the present study with
investigations conducted in the Guaporé River basin, it is
observed that the composition of the captured fauna varies
according to the environmental context, the hydrological
period, and the selectivity of the fishing gear used. In the study
conducted by Sousa et al. (2021), fishery landings carried out
by fisher colonies in the Guaporé and Mamoré River basins
(Rondonia) were characterized by the predominance of
piscivorous fish species such as the catfish Pseudoplatystoma
spp. and P. hemioliopterus, followed by scaled fish Cichla
pleiozona, Colossoma macropomum and A. gigas, reflecting the
high abundance of these species and their economic importance
to regional fisheries.

In the present study, conducted during the dry season, the
associated fauna was composed predominantly of medium-
and large-sized fish species, represented by C. macropomum
and P. hemioliopterus. These differences in the composition of
the bycatch indicate that methodological, spatial, and seasonal
factors directly influence the structure of the recorded fauna,
reinforcing the dynamic nature of inland fisheries in the Guaporé
River region and adjacent areas (Sousa et al., 2021).

Colossoma macropomum, together with P. brachypomus
and some hybrids of these species, comprise the group known
as “round fish,” which are of great importance to national
aquaculture (Kubtiza, 2004). From an ecological perspective,
C. macropomum contributes significantly to seed dispersal in the
flooded forests of the Amazon basin and also stands out as a fishery
resource of major regional importance (Hilsdorf et al., 2022).
In the wild, this species can reach approximately 30 kg and is
considered the second largest scaled fish in the Amazon basin,
surpassed only by 4. gigas (Goulding & Carvalho, 1982).

In this context, the impacts of incidental capture become
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relevant not only from a fisheries perspective but also from an
ecological and socio-environmental point of view, as they involve
native species essential to the functioning of Amazonian aquatic
ecosystems. In this scenario, chelonians also play an important
ecological role in seed dispersal (Eisenberg et al., 2017),
which favors the regeneration of floodplains with fruit-bearing
trees that sustain the survival of occasional frugivorous fish,
such as C. macropomum (Oliveira, 2022).

Moreover, the traditional knowledge of the riverine
communities, built through daily activities experienced in
the environment and passed down through generations, is
essential for the management of chelonian populations during
fishing activities (Andrade, 2017). According to Vogt (2008),
populations of P. unifilis are declining in several regions of the
Amazon basin due to excessive harvesting. Despite this, the
species still shows high densities in several protected areas,
such as the Manu Reserve (Peru) and the Trombetas, Guaporé,
Purus, Jurud, and Jau rivers (Brazil). Thus, it is not considered a
threatened species, nor does it face an imminent risk of extinction
(Vogt, 2008).

In the study area, which is the Cautario River Extractive
Reserve, there are management regulations that strictly govern
the capture of chelonians, in accordance with the management
plan of the unit (ICMBio, 2017). The most common genus in this
region is Podocnemis (Balestra, 2016), which also has a wide
distribution in the tropical lowlands of northern South America,
occurring both in the Orinoco River basin and the Amazon River
basin, including extensive areas of Venezuela as well (Brazaitis
et al., 1996; Vogt, 2008).

In the present study, it was observed that, in addition to fish
and turtles, individuals of the crocodilian species C. crocodilus
were entangled in the fishing gear, which are also frequently
caught in gillnets during commercial fisheries (Guimaraes, 2019).
According to the fishers, caimans interfere with fishing by feeding
on fish caught in the gear and often damage the fishing equipment
when they become entangled (Peres & Carkeek, 1993). The most
frequent crocodilian species in the study area is C. crocodilus,
which inhabits various types of wetland environments, such as
lakes, igarapés, floodplains, and inundated areas, and is one of
the most abundant crocodilian species in the Neotropical region
(Farias et al., 2013).

The reduction of stocks resulting from the incidental capture
of the species recorded in this study, including fish, chelonians,
and crocodilians, can trigger long-lasting and, in some cases,
difficult-to-reverse changes in aquatic ecosystems, especially
when combined with other natural and anthropogenic stressors
(Gilman et al., 2023).
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However, in the case of stationary nets, reducing the time the
nets remain in the water and increasing the frequency of inspection
are measures that may help minimize incidental capture and
associated mortality (Collins et al., 2025). These measures increase
the likelihood of finding bycatch animals that are still alive and
remove them, thereby reducing mortality (Alarcon et al., 2009)
and contributing to the sustainability and conservation of the local
ecosystem (Campos-Silva & Peres, 2016).

A large part of the solutions to the impacts caused by
gillnets lies in the empirical knowledge of the fishers (Amorim
et al.,, 2019). This knowledge complements scientific studies
in understanding species dynamics and guiding management
practices, as fishers recognize the damages caused gillnets.
They can identify areas and seasonal periods of the highest
concentration of target species and determine when the use of
such fishing gear is appropriate or should be avoided (Alarcon
et al., 2009). These actions underscore the importance of
organization and active participation of riverine communities
and fishers in improving the management and governance of
local fishery stocks.

In this study, the physical-chemical water parameters, such
as DO, temperature, EC, and pH, were used to characterize
the limnological conditions of the sampled environments
during the monitoring period. The values recorded in the five
collection points provide a descriptive environmental context for
the occurrence of bycatch and indicate conditions compatible
with the maintenance of aquatic biota reported for Neotropical
environments (Maldonado & Goitia, 2013; Van Damme &
Carvajal-Vallejos, 2013). In this sense, these data complement
the interpretation of the fishing environments and reinforce
the importance of continuous environmental monitoring in
managed fisheries.

The incidental capture of non-target species in fisheries is
still poorly understood in Brazil, and the available information
is insufficient to assess the real impact on bycatch (Vasconcelos
Filho et al., 2024). Thus, although research continues to advance,
the population and ecosystem effects of incidental capture of non-
target fishery species remain poorly understood, highlighting the
need for further studies to fill these gaps regarding fisheries in
the Amazon region (Gilman et al., 2023).

CONCLUSION

The bycatch associated with the managed fishery of invasive
A. gigas in the Cautério River was composed mainly of fish and
reptile species, indicating low selectivity of the fishing gear used
during the monitored period. The records obtained in lotic and
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lentic environments showed that incidental captures occurred
in different fishing settings of the Cautario River basin during
the dry season. In addition, the physical-chemical parameters
of the water contributed to the environmental characterization of
the sampled sites, providing complementary information for the
interpretation of the bycatch records. Together, these findings
reinforce the importance of monitoring associated fauna and
environmental conditions in the managed fishery of 4. gigas as
support for management and conservation actions in the region.

CONFLICT OF INTEREST

Nothing to declare.

DATA STATEMENT AVAILABILITY

All data relevant to the study are included in the article.

AUTHORS’ CONTRIBUTION

Conceptualization: Pereira, Samiria B. B., Sousa, R. G. C.;
Investigation: Pereira, Samiria B. B., Silva, E. F. O., Pereira,
Samara B. B., Vardo, C. A. R., Barreto, R. R.; Supervision:
Pereira, Samiria B. B., Sousa, R. G. C.; Writing — review &
editing: Chagas, T. Q., Gonzaga Junior, M. A.; Validation:
Gonzaga Junior, M. A., Sousa, R. G. C.; Final approval:
Souza, R.G.C.

FUNDING

Fundagdo de Amparo ao Desenvolvimento das Agdes
Cientificas ¢ Tecnologicas e a Pesquisa do Estado de Rondonia.
Grants no: 0012.000492/2023-07 and 0012.000162/2025-75.

ACKNOWLEDGMENTS

The authors would like to thank the traditional communities of
the Extractive Reserve of the Cautario River for their fundamental
support during field activities and experimental fisheries.

REFERENCES

Alarcon, D. T., Costa Damaso, R. C. S., & Schiavetti, A.
(2009). Abordagem etnoecoldgica da pesca e captura de
espécies ndo-alvo em Itacaré, Bahia (Brasil). Boletim
do Instituto de Pesca, 35(4), 675-686. Retrieved from
https://institutodepesca.org/index.php/bip/article/view/894

Alverson, D. L., & Hughes, S. E. (1996). Bycatch: From emotion
to effective natural resource management. Reviews in
Fish Biology and Fisheries, 6(4), 443-462. https://doi.
org/10.1007/BF00164325

7/10


https://doi.org/10.20950/1678-2305/bip.2026.52.e1014
https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1007/BF00164325
https://institutodepesca.org/index.php/bip/article/view/894
https://doi.org/10.1007/BF00164325

Composition of the bycatch associated with Arapaima gigas fisheries in lotic and lentic environments of the Cautario River basin, Rondonia, Brazil

Amorim, J., Soares, R., Barros, R., & Andrade, 1. (2019). Entre
a terra ¢ a agua: a pesca e o conhecimento etnoictioldgico
dos pescadores artesanais. Ethnoscientia, 4(1). https://doi.
org/10.18542/ethnoscientia.v0i0.10259

Andrade, G. S., & Pelicice, F. M. (2022). Coexistence of
endemic peacock basses (Cichla) in a Neotropical reservoir
(Cichlidae: Cichliformes). Neotropical Ichthyology, 20(3),
€220039. https://doi.org/10.1590/1982-0224-2022-0039

Andrade, P. C. M. (2017). Manejo participativo de quelonios
por comunidades na Amazonia. In G. Marchand & F. V.
Velden (Eds.), Olhares cruzados sobre as relagdes entre
seres humanos e animais silvestres na Amazonia (Brasil,
Guiana Francesa) (pp. 163-192). EDUA.

Arantes, C. C., Castello, L., & Garcez, D. S. (2007).
Variagdes entre contagens de Arapaima gigas (Schinz)
(Osteoglossomorpha,  Osteoglossidae)  feitas  por
pescadores individualmente em Mamiraud, Brasil. Pan-
American Journal of Aquatic Sciences, 2, 263-269.

Balestra, R. A. M. (Ed.). (2016). Manejo conservacionista e
monitoramento populacional de queldnios amazonicos.
Ibama.

Barletta-Bergan, A., Barletta, M., & Saint-Paul, U. (2002). Structure
and seasonal dynamics of larval fish in the Caeté River Estuary
in North Brazil. Estuarine, Coastal and Shelf Science, 54(2),
193-206. https://doi.org/10.1006/ecss.2001.0842

Brauner, C. J., Matey, V., Wilson, J. M., Bernier, N. J., & Val,
A. L. (2004). Transition in organ function during the
evolution of air-breathing: Insights from Arapaima gigas,
an obligate air-breathing teleost from the Amazon. Journal
of Experimental Biology, 207(Part 9), 1433-1438. https://
doi.org/10.1242/jeb.00887

Brazaitis, P., Rebelo, G. H., & Yamashita, C. (1996). The status
of Caiman crocodilus crocodilus and Melanosuchus niger
populations in regions of Brazil. Amphibia-Reptilia, 17(4),
377-385. https://doi.org/10.1163/156853896X00090

Campos-Silva, J. V., & Peres, C. A. (2016). Community-based
management induces rapid recovery of a high-value
tropical freshwater fishery. Scientific Reports, 6, 34745.
https://doi.org/10.1038/srep34745

Carvalho, R. F. (2014). Clonagem, caracteriza¢do e andlise
filogenética das subunidades alfa e beta do horménio foliculo
estimulante de A. gigas (Arapaima gigas) visando sua sintese
em células CHO [Master’s dissertation]. Instituto de Pesquisas
Energéticas e Nucleares, Universidade de Sao Paulo. https://
doi.org/10.11606/D.85.2014.tde-08092014-150519

Casara, H. N. (2015). Avalia¢do da produgdo e do impacto
economico do aumento do tamanho de captura no manejo
de A. gigass (Arapaima spp.) em sete dareas da Amazonia
Central Brasileira [Master’s dissertation]. Instituto
Nacional de Pesquisa da Amazdnia. http://w2 files.
scire.net.br/atrio/inpa-mpgap_upl/THESIS/47/tese
hamiltoncasara_ 20160108165309124.pdf

Bol. Inst. Pesca, 2026, 52: e1014 | https://doi.org/10.20950/1678-2305/bip.2026.52.e1014

Castello, L. (2004). A method to count A. gigas Arapaima gigas:
Fishers, assessment, and management. North American
Journal of Fisheries Management, 24(2), 379-389. https://
doi.org/10.1577/M02-024.1

Castello, L., Stewart, D. J., & Arantes, C. C. (2019). O que
sabemos e precisamos fazer a respeito da conservagao do 4.
gigas (Arapaima spp.) na Amazonia. In E. S. A. Figueiredo
(Ed.), Biologia, conservacdo e manejo participativo
de A. gigas na Pan-Amazonia (pp. 17-32). Instituto de
Desenvolvimento Sustentavel Mamiraua.

Cataneo, D. T.B., Ximenes, A. M., Garcia-Davila, C.R.,Damme, P. A.
V.,Pagotto,R., Vitule,J.R.S.,Hrbek, T.,Farias,[.P.,&Doria,C.R.
C.(2022). Elucidating a history of invasion: Population genetics
of pirarucu (Arapaima gigas, Actinopterygii, Arapaimidae)
in the Madeira River. Hydrobiologia, 849, 3617-3632.
https://doi.org/10.1007/s10750-022-04977-8

Cintra, I. H. A., Paiva, K. S., Herrmann, M., Barbosa, J. M.,
Klautau, A. G. M., & Silva, K. C. A. (2017). Carcinofauna
acompanhante do camardo-rosa em pescarias industriais na
plataforma continental amazdnica. Acta of Fisheries and
Aquatic Resources, 5(2), 69-77. Retrieved from https://
periodicos.ufs.br/ActaFish/article/view/6425/5613

Collins, S. M., Blackmore, R. J., Lamarre, J., Spiegel, C. S., &
Montevecchi, W. A. (2025). Altering gillnet soak duration
and timing minimizes bycatch and maintains target catch.
Plos One,20(6),e0325725. https://doi.org/10.1371/journal.
pone.0325725

Eisenberg, C. C., Reynolds, S. J., Christian, K. A., & Vogt, R. C.
(2017). Diet of Amazon river turtles (Podocnemididae): a
review of the effects of body size, phylogeny, season and
habitat. Zoology, 120, 92-100. https://doi.org/10.1016/.
7001.2016.07.003

Farias, 1. P., Marioni, B., Verdade, L. M., Bassetti, L., Coutinho,
M. E., Mendonga, S. H. S. T., Vieira, T. Q., Magnusson,
W. E., & Campo, Z. (2013). Avaliagdo do risco de extingdo
do jacaré-tinga Caiman crocodilos (Linnaeus, 1758) no
Brasil. Biodiversidade Brasileira, 3(1), 4-12. https://doi.
org/10.37002/biodiversidadebrasileira.v3il.404

Fernandes, M. N., Cruz, A. L., Costa, O. T. F., & Perry, S. F.
(2012). Morphometric partitioning of the respiratory
surface area and diffusion capacity of the gills and swim
bladder in juvenile Amazonian air-breathing fish, Arapaima
gigas. Micron, 43(9), 961-970. https://doi.org/10.1016/j.
micron.2012.03.018

Ferrara, C., Fagundes, C. K., Morcatty, T., & Vogt, R. C.
(2017). Quelonios Amazonicos: guia de identificagdo e
distribui¢do. WCS Brasil/INPA.

Ferreira, J. C. (2022). A. gigas de manejo: conservagao,
mercado e transformagdes técnicas na pesca ribeirinha
[doctorate thesis]. Instituto de Filosofia e Ciéncias
Humanas, Universidade Estadual de Campinas. https://doi.
org/10.13140/RG.2.2.13277.49120

8/10


https://doi.org/10.20950/1678-2305/bip.2026.52.e1014
https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.18542/ethnoscientia.v0i0.10259
https://doi.org/10.1577/M02-024.1
https://doi.org/10.1577/M02-024.1
https://doi.org/10.1006/ecss.2001.0842
https://doi.org/10.1371/journal.pone.0325725
https://doi.org/10.1371/journal.pone.0325725
https://doi.org/10.1016/j.zool.2016.07.003
https://doi.org/10.1016/j.zool.2016.07.003
https://periodicos.ufs.br/ActaFish/article/view/6425/5613
https://periodicos.ufs.br/ActaFish/article/view/6425/5613
https://doi.org/10.1242/jeb.00887
https://doi.org/10.37002/biodiversidadebrasileira.v3i1.404
https://doi.org/10.1016/j.micron.2012.03.018
https://doi.org/10.1016/j.micron.2012.03.018
https://doi.org/10.13140/RG.2.2.13277.49120
https://doi.org/10.13140/RG.2.2.13277.49120
https://doi.org/10.37002/biodiversidadebrasileira.v3i1.404
https://doi.org/10.1242/jeb.00887
https://doi.org/10.11606/D.85.2014.tde-08092014-150519
https://doi.org/10.11606/D.85.2014.tde-08092014-150519
http://w2.files.scire.net.br/atrio/inpa-mpgap_upl/THESIS/47/tese_hamiltoncasara__20160108165309124.pdf
http://w2.files.scire.net.br/atrio/inpa-mpgap_upl/THESIS/47/tese_hamiltoncasara__20160108165309124.pdf
http://w2.files.scire.net.br/atrio/inpa-mpgap_upl/THESIS/47/tese_hamiltoncasara__20160108165309124.pdf
https://doi.org/10.18542/ethnoscientia.v0i0.10259

Pereira SBB, Vardao CAR, Barreto RR, Chagas TQ, Gonzaga Junior MA, Sousa RGC

Figueiredo, E. S. A. (Ed.). (2013). Biologia, conservagdo e
manejo participativo de A. gigass na PanAmazonia.
Instituto de Desenvolvimento Sustentavel Mamiraua.

Food and Agriculture Organization (FAO) (1995). Code of
conduct for responsible fisheries. FAO.

Food and Agriculture Organization (FAO) (2019). A third
assessment of global marine fisheries discards. FAO
Fisheries and Aquaculture Technical Paper No. 633.
Retrieved from https://www.fao.org/3/ca2905en/CA29
05EN.pdf

Food and Agriculture Organization (FAO) (2020). A third
assessment of global marine fisheries discards: Advanced
executive summary. FAO.

Gilman, E., Chaloupka, M., Booth, H., Hall, M., Murua, H., &
Wilson, J. (2023). Fisheries neutral to bycatch through
a sequential mitigation hierarchy. Marine Policy, 150,
105522. https://doi.org/10.1016/j.marpol.2023.105522

Gilman, E. L. (2011). Bycatch governance and best practice
mitigation technology in global tuna fisheries, Marine
Policy, 35(5), 590-609. https://doi.org/10.1016/j.marpol.
2011.01.021

Gongalves, A. C. T. (2018). Os conhecimentos tradicionais nas
praticas de manejo de A. gigas (Arapaima gigas) no Médio
Solimées, Amazonas [Master’s dissertation]. Universidade
do Estado do Amazonas. Retrieved from https://ri.uea.edu.
br/bitstreams/60f50f5¢c-da06-414d-9fc9-f466ddcale8d/
download

Gongalves, A. C. T., & Santos, L. C. R. (2024). Bioeconomy
in Central Amazon: Participatory management of A.
gigas (Arapaima gigas). Journal of Contemporary
Administration, 28(6), €240195. https://doi.org/10.1590/
1982-7849rac2024240195.en

Gonzalez-Callirgos, L., Costa, J. 1., & Yunis-Aguinaga, J.
(2023). Case study of a small fish farm at San Martin —
Peru. Boletim do Instituto de Pesca, 49, e817. https://doi.
org/10.20950/1678-2305/bip.2023.49.e817

Goulding, M., & Carvalho, M. L. (1982). Life history and
management of the tambaqui (Colossoma macropomum,
Characidae): an important Amazonian food fish. Revista
Brasileira de Zoologia, 1(2), 107-133. https://doi.org/10.15
90/S0101-81751982000200001

Guimaraes, G. D. (2019). Avaliagdo do conflito entre pescadores
e jacarés na Area de Protecdo Ambiental Ilha do Careiro
Lago do Rei — Amazonia Central Brasileira (Professional
master’s dissertation). Escola Superior de Conservagdo
Ambiental e Sustentabilidade. Retrieved from https://
www.escas.org.br/wp-content/uploads/2023/09/
AVALIACAO-DO-CONFLITO-ENTRE-PESCADORES-
E-JACARES-NA-AREA-DE-PROTECAO-
AMBIENTAL-ILHA-DO-CAREIRO-LAGO-DO-REI-
AMAZONIA-CENTRAL-BRASILEIRA.pdf

Bol. Inst. Pesca, 2026, 52: e1014 | https://doi.org/10.20950/1678-2305/bip.2026.52.e1014

Hall, M. A. (1996). On bycatches. Reviews in Fish Biology
and Fisheries, 6(3), 319-352. https://doi.org/10.1007/BF0
0122585

Hall, M. A., Alverson, D. L., & Metuzals, K. I. (2000). By-catch:
Problems and solutions. Marine Pollution Bulletin, 41(1-
6), 204-219. Retrieved from https://www.sciencedirect.
com/science/article/pii/S0025326X00001119/pdfft?md
5=d417c7cc2e40bel0al1278d9618269¢38&pid=1-s2.0-
S0025326X00001119-main.pdf

Hilborn, R., & Walters, C. J. (1992). Quantitative fisheries stock
assessment: Choice, dynamics and uncertainty. Chapman & Hall.

Hilsdorf, A. W. S., Hallerman, E., Valladao, G. M. R., Zaminhan-
Hassemer, M., Hashimoto, D. T., Dairiki, J. K., Takahashi,
L.S., Albergaria, F. C., Gomes, M. E. S., Venturieri, R. L. L.,
Moreira, R. G., & Cyrino, J. E. P. (2022). The farming and
husbandry of Colossoma macropomum: From Amazonian
waters to sustainable production. Reviews in Aquaculture,
14(2), 993-1027. https://doi.org/10.1111/raq.12638

Instituto Chico Mendes de Conservagdo da Biodiversidade
(ICMBI0) (2017). Plano de Manejo da Reserva Extrativista
do Rio Cautario — RO. ICMBio.

Kelleher, K. (2005). Discards in the worlds marine fisheries: An
update (FAO Fisheries Technical Paper No. 470). FAO.
Retrieved from https://openknowledge.fao.org/bitstreams/
e46611b1-858d-43d9-albe-d6¢c30d413a6d/download

Kubtiza, F. (2004). Coletdnea de informagoes aplicadas ao
cultivo do tambaqui, do pacu e de outros peixes redondos.
Panorama da Aquicultura.

Lasso, C. A., Trujillo, F., Morales-Betancourt, M. A., Amaya,
L., Caballero, S., & Castafieda, B. (2018). Conservacion y
trafico de la tortuga matamata, Chelus fimbriata (Schneider,
1783) en Colombia: Un ejemplo del trabajo conjunto entre
el Sistema Nacional Ambiental, ONG y academia. Biota
Colombiana, 19(1), 147-159. https://doi.org/10.21068/c20
18.v19n01al0

Magnusson, W. E., Lima, A. P., Silva, W. A., & Aratjo, M. C.
(2010). Fauna da Amazdnia Brasileira: Crocodilianos.
INPA

Maldonado, M., & Goitia, E. (2013). La cuenca del rio Iténez en
Bolivia: descripcion ecoldgica. In P. A. Van Damme, M.
Maldonado, M. Pouilly & C. R. C. Doria (Ed.), Aguas del
Iténez o Guaporeé: recursos hidrobioldgicos de un patrimonio
binacional (Bolivia y Brasil) (pp. 3-25). IRD. Retrieved from
https://books.openedition.org/irdeditions/pdf/ 18444

Marceniuk, A. P., Soares, B. E., Rotundo, M. M., Caires, R.
A., Rosa, R. S., Santos, W. C. R. dos, Cordeiro, A. P. B.,
Romado Junior, J. G., Akama, A., Wosiacki, W. B., Klautau,
A. G. C. de M, Cintra, I. H. A., & Barthem, R. (2023).
The bycatch of piramutaba, Brachyplatystoma vaillantii
industrial fishing in a salinity and depth gradient in the
Amazon estuary, Brazil. Acta Amazonica, 53(2), 93-106.
https://doi.org/10.1590/1809-4392202200342

9/10


https://doi.org/10.20950/1678-2305/bip.2026.52.e1014
https://creativecommons.org/licenses/by/4.0/deed.en
https://www.fao.org/3/ca2905en/CA2905EN.pdf
https://openknowledge.fao.org/bitstreams/e46611b1-858d-43d9-a1be-d6c30d413a6d/download
https://openknowledge.fao.org/bitstreams/e46611b1-858d-43d9-a1be-d6c30d413a6d/download
https://www.fao.org/3/ca2905en/CA2905EN.pdf
https://doi.org/10.21068/c2018.v19n01a10
https://books.openedition.org/irdeditions/pdf/18444
https://doi.org/10.21068/c2018.v19n01a10
https://doi.org/10.1590/1982-7849rac2024240195.en
https://ri.uea.edu.br/bitstreams/60f50f5c-da06-414d-9fc9-f466ddca0e8d/download
https://doi.org/10.1016/j.marpol.2011.01.021
https://doi.org/10.1016/j.marpol.2011.01.021
https://ri.uea.edu.br/bitstreams/60f50f5c-da06-414d-9fc9-f466ddca0e8d/download
https://ri.uea.edu.br/bitstreams/60f50f5c-da06-414d-9fc9-f466ddca0e8d/download
https://doi.org/10.1590/1982-7849rac2024240195.en
https://doi.org/10.20950/1678-2305/bip.2023.49.e817
https://doi.org/10.1590/S0101-81751982000200001
https://www.escas.org.br/wp-content/uploads/2023/09/AVALIACAO-DO-CONFLITO-ENTRE-PESCADORES-E-JACARES-NA-AREA-DE-PROTECAO-AMBIENTAL-ILHA-DO-CAREIRO-LAGO-DO-REI-AMAZONIA-CENTRAL-BRASILEIRA.pdf
https://www.escas.org.br/wp-content/uploads/2023/09/AVALIACAO-DO-CONFLITO-ENTRE-PESCADORES-E-JACARES-NA-AREA-DE-PROTECAO-AMBIENTAL-ILHA-DO-CAREIRO-LAGO-DO-REI-AMAZONIA-CENTRAL-BRASILEIRA.pdf
https://www.escas.org.br/wp-content/uploads/2023/09/AVALIACAO-DO-CONFLITO-ENTRE-PESCADORES-E-JACARES-NA-AREA-DE-PROTECAO-AMBIENTAL-ILHA-DO-CAREIRO-LAGO-DO-REI-AMAZONIA-CENTRAL-BRASILEIRA.pdf
https://www.escas.org.br/wp-content/uploads/2023/09/AVALIACAO-DO-CONFLITO-ENTRE-PESCADORES-E-JACARES-NA-AREA-DE-PROTECAO-AMBIENTAL-ILHA-DO-CAREIRO-LAGO-DO-REI-AMAZONIA-CENTRAL-BRASILEIRA.pdf
https://doi.org/10.1590/S0101-81751982000200001
https://doi.org/10.20950/1678-2305/bip.2023.49.e817
https://doi.org/10.1007/BF00122585
https://www.sciencedirect.com/science/article/pii/S0025326X00001119/pdfft?md5=d417c7cc2e40be10a1278d9618269c38&pid=1-s2.0-S0025326X00001119-main.pdf
https://www.sciencedirect.com/science/article/pii/S0025326X00001119/pdfft?md5=d417c7cc2e40be10a1278d9618269c38&pid=1-s2.0-S0025326X00001119-main.pdf
https://www.sciencedirect.com/science/article/pii/S0025326X00001119/pdfft?md5=d417c7cc2e40be10a1278d9618269c38&pid=1-s2.0-S0025326X00001119-main.pdf
https://doi.org/10.1007/BF00122585

Composition of the bycatch associated with Arapaima gigas fisheries in lotic and lentic environments of the Cautario River basin, Rondonia, Brazil

Miorando, P. S., Rebélo, G. H., Pignati, M. T., & Pezzuti, J.
C. B. (2013). Effects of Community-Based Management
on Amazon River Turtles: A Case Study of Podocnemis
sextuberculata in the Lower Amazon Floodplain, Para,
Brazil. ChelonianConservationand Biology, 12(1),143-150.
https://doi.org/10.2744/CCB-1011.1

Oliveira, P. H. G. (2022). Dieta dos quelonios (Testudines,
Podocnemididae: Podocnemis spp.) no rio Andira,
Barreirinha, Amazonas, Brasil [Doctorate thesis].
Universidade Federal do Amazonas. Retrieved from
https://tede.ufam.edu.br/bitstream/tede/9556/8/Tese
PauloHenriqueOliveira PPGBIONORTE.pdf

Oliveira, V., Poleto, S., & Venere, P. (2005). Feeding of juvenile
A. gigas (Arapaima gigas, Arapaimidae) in their natural
environment, Lago Quatro Bocas, Araguaiana-MT, Brazil.
Neotropical Ichthyology, 3(2), 312-314. https://doi.org/
10.1590/S1679-62252005000200010

Pascoe, S. (1997). Bycatch management and the economics of
discarding. FAO.

Pauly, D., Christensen, V., Guénette, S., Pitcher, T. J., Sumaila,
U. R., Walters, C. J., Watson, R., & Zeller, D. (2002).
Towards sustainability in world fisheries. Nature, 418,
689-695. https://doi.org/10.1038/nature01017

Pereira, B., Oliveira, N., Fernandes, F., Lima, S. O., Chagas,
T. Q., Meante, R. E. X., Beltrdo, H., & Sousa, R. G. C.
(2026). Analysis of the stomach contents of Arapaima
gigas in the Cautdrio River Basin, Rondonia, Brazil.
Boletim do Instituto de Pesca, 52, €¢978. https://doi.org/
10.20950/1678-2305/bip.2026.52.e978

Peres, C. A., & Carkeek, A. M. (1993). How caimans protect
fish stocks in western Brazilian Amazonia - a case for
maintaining the ban on caiman hunting. Oryx, 27(4), 225-
230. https://doi.org/10.1017/S0030605300028131

Queiroz, H. L. (2000). Natural history and conservation
of A. gigas, Arapaima gigas, at the Amazonian
varzea: Red giants in muddy Waters [PhD thesis].
University of St Andrews. Retrieved from https://
research-repository.st-andrews.ac.uk/bitstream/
handle/10023/2818/HLDQueirozPhDThesis.pdf?
sequence=3&isAllowed=y

Queiroz, L. J., Torrente-Vilara, G., Ohara, W. M., Pires, T. H. S.,

Bol. Inst. Pesca, 2026, 52: e1014 | https://doi.org/10.20950/1678-2305/bip.2026.52.e1014

Zuanon, J., Doria, C. R. C. (2013). Peixes do Rio Madeira
(3 vol.). Brasilia: ICMBio.

Ramos, A. R. P, & Lopez, F. J. M. (2024). Digestive physiology,
nutrition and feeding of Arapaima gigas: a review. Fishes,
9(12), 507. https://doi.org/10.3390/fishes9120507

Rebélo, G., & Pezzuti, J. (2000). Percepgdes sobre o consumo
de quelonios na Amazodnia: sustentabilidade ¢ alternativas
ao manejo atual. Ambiente & Sociedade, (6-7), 85-104.
https://doi.org/10.1590/S1414-753X2000000100005

Rosendo, D. S. (2022). Quanta informag¢do ha em apenas uma
amostra de bycatch da pesca de arrasto de camardo?:
Revisitandoaecologiadobycatch[Monograph].Universidade
do Estado da Bahia. Retrieved from https://saberaberto.
uneb.br/bitstreams/7df3aa0c-6787-4365-bSad-f8d6ce132bad/
download

Silva, R. B., Gongalves, A. C. T., & Marinho, J. C. (2013).
Contagem e censo populacional de A. gigas. Instituto de
Desenvolvimento Sustentavel Mamiraua.

Sousa, R. G. C,, Freitas, H. C. P, Zacardi, D. M., & Faria-Junior,
C. H. (2021). Effects of river dams on the fish guilds in
the northwest region of the Brazilian Amazon. Fisheries
Research, 243, 106091. https://doi.org/10.1016/].fishres.
2021.106091

Squires, D., Ballance, L. T., Dagorn, L., Dutton, P. H., &
Lent, R. (2021). Mitigating bycatch: Novel insights to
multidisciplinary approaches. Frontiers in Marine Science,
8, 613285. https://doi.org/10.3389/fmars.2021.613285

Van Damme, P. A., & Carvajal-Vallejos, F. M. (2013). Recursos
hidrobiologicos do rio Iténez e seus afluentes: diversidade,
uso e gestdo. In P. A. Van Damme & F. M. Carvajal-Vallejos
(Eds.), Aguas do Iténez ou Guaporé (pp. 401-420). IRD
Editions. Retrieved from https://books.openedition.org/
irdeditions/pdf/18741

Vasconcelos Filho, J. 1. F., Lima, D. J. A.,, Sousa, A. P, &
Nascimento, F. A. S. (2024). Pesca acidental de espécies nao-
alvono Brasil: umarevisao sistematica. Arquivos de Ciéncias
do Mar, 57(1), 1-20. Retrieved from https://periodicos.ufc.
br/arquivosdecienciadomar/article/view/83322/251084

Vogt, R. C. (2008). Tartarugas da Amazonia. Wust Edigdes.

Zar, J. H. (2010). Biostatistical analysis (5th ed.). Pearson
Prentice Hall.

10/10


https://doi.org/10.20950/1678-2305/bip.2026.52.e1014
https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1590/S1679-62252005000200010
https://tede.ufam.edu.br/bitstream/tede/9556/8/Tese_PauloHenriqueOliveira_PPGBIONORTE.pdf
https://tede.ufam.edu.br/bitstream/tede/9556/8/Tese_PauloHenriqueOliveira_PPGBIONORTE.pdf
https://doi.org/10.20950/1678-2305/bip.2026.52.e978
https://research-repository.st-andrews.ac.uk/bitstream/handle/10023/2818/HLDQueirozPhDThesis.pdf?sequence=3&isAllowed=y
https://research-repository.st-andrews.ac.uk/bitstream/handle/10023/2818/HLDQueirozPhDThesis.pdf?sequence=3&isAllowed=y
https://research-repository.st-andrews.ac.uk/bitstream/handle/10023/2818/HLDQueirozPhDThesis.pdf?sequence=3&isAllowed=y
https://periodicos.ufc.br/arquivosdecienciadomar/article/view/83322/251084
https://periodicos.ufc.br/arquivosdecienciadomar/article/view/83322/251084
https://doi.org/10.1016/j.fishres.2021.106091
https://books.openedition.org/irdeditions/pdf/18741
https://books.openedition.org/irdeditions/pdf/18741
https://saberaberto.uneb.br/bitstreams/7df3aa0c-6787-4365-b5ad-f8d6ce132bad/download
https://saberaberto.uneb.br/bitstreams/7df3aa0c-6787-4365-b5ad-f8d6ce132bad/download
https://saberaberto.uneb.br/bitstreams/7df3aa0c-6787-4365-b5ad-f8d6ce132bad/download
https://doi.org/10.1016/j.fishres.2021.106091
https://doi.org/10.20950/1678-2305/bip.2026.52.e978
https://doi.org/10.1590/S1679-62252005000200010

	_Hlk195465250

