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Abstract

Despite its significant socio-economic, cultural, and food security relevance, continental artisanal fishing in
Brazil continues to face persistent, long-standing challenges, chief among them, the chronic lack of reliable
data. This study aims to assess and compare fishing productivity in two Amazonian regions: the Tocantins-
Araguaia basins (State of Tocantins and Para) and the Branco and Jauaperi basins (State of Roraima). Through
a participatory monitoring approach, more than 8,000 fishing landings were recorded between 2019 and 2021.
Productivity was analyzed using Anova with Scott-Knott grouping (5% significance level) across variables
including year, month, community, fishing gear, gender, expedition duration, and number of fishers. Results
indicate that four-day expeditions involving two fishers yield the highest productivity. Although no evidence
of overfishing was found, the study highlights the urgent need for an institutional agreement to establish
permanent fish landing monitoring programs at local, regional, and national levels. Such initiatives are crucial
to ensure the sustainability of artisanal fisheries and to protect the food security and livelihoods of Amazonian
riverside communities.
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Resumo - A produtividade e 0 monitoramento pesqueiro na Amazonia brasileira. A experiéncia
nas bacias Tocantins-Araguaia (estados do Para e Tocantins), Branco e Jauaperi (estado de
Roraima)

Apesar da grande importancia socioecondmica, cultural e seguranca alimentar da pesca artesanal continental
no Brasil, a atividade ainda padece de fragilidades cronicas historicas, sendo a falta de informacao o principal
desafio. Objetivou-se identificar e comparar a produtividade pesqueira em duas regides amazonicas nas bacias
Tocantins-Araguaia (Estados do Tocantins e Para), Branco e Jauaperi- (Estado de Roraima). A metodologia
envolveu o monitoramento participativo de mais de 8 mil desembarques entre 2019 e 2021. Foram comparadas
as produtividades (Anova- Scott knot 5%) entre os anos, meses, comunidades, artes de pesca, género, duragdo
das expedicdes e o numero de pescadores. Os resultados indicaram que as expedi¢des de quatro dias com dois
pescadores sdo as mais produtivas. As conclusdes destacam que ndo ha indicios de sobrepesca. No entanto, ha
uma necessidade urgente de um pacto institucional para estabelecer programas de monitoramento de
desembarques, como uma politica ptiblica permanente nas diferentes esferas (local, regional, nacional), sendo
fundamental para garantir a sustentabilidade da atividade e a seguranca alimentar das comunidades ribeirinhas,
que dependem da pesca para sua socioeconomia e subsisténcia.

Palavras-chave: pesca artesanal, participagdo, producéo, estatistica.

Resumen - Monitoreo de la productividad y la pesca en la Amazonia brasilefia. La experiencia
en las cuencas Tocantins-Araguaia (estados de Para y Tocantins), Branco y Jauaperi (estado
de Roraima)

A pesar de su importante relevancia socioecondmica, cultural y de seguridad alimentaria, la pesca artesanal
continental en Brasil sigue enfrentandose a desafios persistentes y de larga data, el principal de ellos, la falta
cronica de datos confiables. Este estudio tuvo como objetivo evaluar y comparar la productividad pesquera en
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dos regiones amazonicas: las cuencas de Tocantins-Araguaia (Estado de Tocantins y Para), Branco y Jauaperi
(Estado de Roraima). A través de un enfoque de monitoreo participativo, se registraron mas de 8.000
desembarques pesqueros entre 2019 y 2021. La productividad se analizd6 mediante Anova con agrupamiento
de Scott-Knott (nivel de significancia del 5%) en variables como afio, mes, comunidad, arte de pesca, género,
duracion de la expedicion y nimero de pescadores. Los resultados indican que las expediciones de cuatro dias
que involucran a dos pescadores producen la mayor productividad. Aunque no se encontrd evidencia de
sobrepesca, el estudio destaca la urgente necesidad de un acuerdo institucional para establecer programas
permanentes de monitoreo de desembarques pesqueros a nivel local, regional y nacional. Estas iniciativas son
cruciales para garantizar la sostenibilidad de la pesca artesanal y proteger la seguridad alimentaria y los medios
de vida de las comunidades riberefias de la Amazonia.

Palabras clave: pesca artesanal, participacion, produccion, estadistica.

Introduction

Small-scale fisheries (SSF) play a vital role globally, particularly in developing countries, by supporting
local economies, reducing poverty, ensuring food security, and promoting the sustainable management of
fishery resources (FAO, 2022; Mancha-Cisneros et al., 2019; Béné et al., 2015). SSF are responsible for
approximately 40% of global fish catches (World Bank 2010), and inland (continental) fisheries are
predominantly composed of small-scale operations-accounting for 90% of the sector and involving around 61
million people, half of whom are women (Bartley et al., 2015). Beyond their economic and nutritional
importance, SSF also help preserve cultural heritage and ancestral practices (Chuenpagdee and Jentoft 2019;
Lynch et al., 2016). Most of their production is consumed, sold, or exchanged within local communities,
reinforcing their central role in sustaining regional livelihoods (Funge-Smith, 2018).

Small-scale fisheries (SSF) are the primary source of animal protein in the Amazon region, generating
approximately USD 800 million in annual revenue (Funge-Smith & Bennett 2019). The region also has the
highest per capita fish consumption in the world (Isaac et al. 2015; Begossi et al. 2019). Despite their critical
importance, SSF continue to face persistent, long-standing weaknesses, with the lack of reliable and up-to-date
data being the most pressing challenge. When countries fail to report fisheries statistics to the Food and
Agriculture Organization (FAO), production estimates must rely on outdated reports or unofficial sources
(Bartley et al., 2015). Brazil ranks as the 25th largest fisheries producer globally, with an output of 758,000
tons (FAO, 2025), and 13th in inland fisheries with 226,000 tons (FAO, 2024). However, the country’s last
official national fisheries statistical bulletin was published in 2011, reporting a production of 1.43 million tons
(Brasil, 2011a), underscoring a significant gap in data transparency and continuity.

Unfortunately, no updated data on national fishery production has been generated since then. As a result,
attempts to compile fishery statistics in Brazil have relied on outdated averages, often more than a decade old
or on repeated use of historical production figures (FAO, 2024). While Brazilian agriculture has consolidated
its data and demonstrated growing socio-economic relevance, the fishing sector experienced a sharp decline
in official reporting between 2009 and 2011. By 2012, the country lacked any official production data, and all
national fisheries statistics programs had been dismantled. This situation remains unchanged, leaving the sector
unable to demonstrate its economic importance through concrete indicators such as production volume,
revenue, or employment figures (Canton et al., 2024). The lack of reliable fisheries information severely
hinders the sector's development (World Bank, 2010), leading to inaccurate speculation about production levels
and making effective decision-making increasingly difficult (Bartley et al., 2015).

In inland SSF, reliable estimation is even more challenging due to the absence of official monitoring
programs and unified platforms that compile data across river basins. This contrasts with certain states such as
Sdo Paulo (IP-APTA-SP, 2024), Rio de Janeiro (FIPERJ, 2024), and Santa Catarina (Univali, 2024), which
maintain robust and, crucially, publicly accessible fisheries statistics systems. However, data extrapolation
methods are not suitable for inland fisheries, given the ecological complexity of these environments
characterized by pronounced seasonal and interannual variability, or by a lack of reliable predictive indicators
(FAO, 2023). Despite their socio-ecological importance and the remarkable diversity of freshwater fish
species, inland fisheries remain largely overlooked in comparison to marine fisheries (Nagl et al., 2021).

It is estimated that, even in the absence of systematic monitoring and statistical reporting, the Brazilian
Amazon produces around 600,000 tons of fish annually (Batista et al., 2012). The few monitoring programs
that do exist are typically tied to environmental licensing requirements for hydroelectric plants (Doria et al.,
2018; Mesquita et al., 2019), and their data is not publicly accessible.
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Poor management, largely driven by a lack of reliable information, undermines the potential benefits that
fisheries can offer to society, while disproportionately harming the most vulnerable riverine communities and
exacerbating social inequality (Arthur et al., 2015). In this context, the absence of production data from inland
SSF emerges as a key factor contributing to this situation. Collecting accurate and consistent monitoring data
is therefore essential. At the same time, initiatives such as /lluminating Hidden Harvests (Bevitt et al., 2021)
have played an important role in highlighting the benefits, interactions, and impacts of SSF in Brazil and
globally. By informing policymakers at all levels, such efforts contribute to improved governance, increased
productivity, and long-term sustainability (FAO, 2022).

This study aimed to generate data on the productivity of SSF through participatory monitoring of landings
in riverside communities within the Tocantins-Araguaia and Lower Rio Branco/Jauaperi basins. The initiative
seeks not only “Illuminating Hidden Harvests,” but more importantly, to contribute to a virtuous cycle in which
fishers develop a deeper understanding of their significance in food production, employment, and income
generation thereby supporting the formulation of more effective and contextually appropriate public policies
for the sector. Furthermore, this work aims to foster greater recognition of the SSF value chain among public
administrators by promoting participatory fisheries monitoring as a policy instrument, incorporating traditional
ecological knowledge, and addressing the persistent invisibility of a historically marginalized sector.

Methodology
Study Area

Two regions within the Legal Amazon were selected for this study: the middle portion of the Tocantins-
Araguaia basin, located between the states of Para and Tocantins, and the Lower Rio Branco/Jauaperi basin,
situated in the state of Roraima. These areas were chosen due to Embrapa's ongoing engagement and research
activities in these territories. In total, the study encompassed seventeen municipalities across the three states-
five in Tocantins (Araguacema/arac, Araguatins/arat, Couto Magalhdes/cma, Esperantina/esp, and
Xambioa/xam), seven in Para (Itupiranga/itu, Jacunda/jac, Maraba/mab, Nova Ipixuna/nip, Novo
Repartimento/nre, Sdo Geraldo do Araguaia/sga, and Sdo Jodo do Araguaia/sja), and five in Roraima
(Caracarai/car, Caroebe/cao, Roraindpolis/ror, Sao Jodo da Baliza/sjb, and Sao Luiz/sao) (Figure 1). As the
study involved the use of traditional knowledge provided by fishers, it was registered in the National System
for the Management of Genetic Heritage and Associated Traditional Knowledge (SISGEN), under registration
number A79139B.

Tocantins-Araguaia Basin

The Tocantins-Araguaia basin, the second largest in Brazil with a drainage area of approximately 767 000
km?, constitutes the principal tributary of the Amazon basin located entirely within Brazilian territory. Its
aquatic biodiversity is of particular significance due to its position as a transitional zone between the Amazon
rainforest and the Cerrado biome, offering a range of habitats that support high levels of ichthyofaunal
productivity (Latrubesse et al., 2019; Ferreira et al., 2011; Tejerina & Mérona 2010). This diversity serves as
a vital fishing resource for riverine communities, among whom SSF represent the primary economic activity
(Zacarkim et al., 2015).

The fishing fleet operating in the region has relatively low catching power compared to that of the broader
Amazon basin and is primarily composed of small vessels powered by outboard and/or long-tail motors.
Despite the general homogeneity in vessel characteristics, the exact number of boats remains uncertain. This
lack of reliable data poses significant challenges for the development of effective public policies and
undermines the implementation of appropriate socio-ecological management strategies for the whole basin
(Silva & Farias, 2017).

The primary fishing techniques employed include gillnets, handlines/longlines, cast nets, and harpoons,
with gillnets being the most widely used. Their application varies according to mesh size regulations, allowing
for different capture strategies (Prysthon et al., 2022; Cashion et al., 2018; Ramirez-Amaro & Galvan-Magafia,
2019). Although the Tocantins-Araguaia basin has the smallest number of artisanal fishers among Brazil’s
major river basins (Ruffino, 2016), SSF in the region are highly significant in terms of employment generation,
support for the circular economy, and contributions to food security in riverine communities (Santos, 2022;
Guimaraes, 2024; da Rocha et al., 2021).
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Branco and Jauaperi river basins

The Branco River basin, with a drainage area of approximately 187 540 km?, is the largest river system in
the state of Roraima and serves as the principal tributary of the Negro River (Campos, 2011). Around 12 000
km? of its headwaters originate in Guyanese territory (Carvalho & Morais, 2014), flowing across the Boa Vista
sedimentary formation toward the lower Branco River before discharging into the Negro River (Naka et al.,
2019). During the rainy season, the basin supports a diverse ichthyofauna, particularly within its floodplain
habitats — a defining feature of the river’s lower stretches (Ferreira et al., 2007; Cremon & Rosseti, 2011;
Brasil, 2014; Schaefer et al., 2020). The Jauaperi River basin, encompassing a drainage area of 38 611 km?, is
located within the Guiana Shield, north of the Amazon Craton. It flows in a southeast-to-south direction,
traversing four municipalities in the southern region of Roraima: Sao Luiz do Anaua, Sdo Jodo da Baliza,
Caroebe, and Rorainépolis (Lemos et al., 2018).

The Jauaperi River is considered the second most important river in the state of Roraima. Its largest drainage
area lies in the southeastern region, characterized by Quaternary sedimentary formations. The river spans low
to mid-stretches within a zone of dense ombrophilous forests and served as a focal area for agrarian settlement
projects during the 1970s and 1980s. These initiatives placed considerable pressure on aquatic ecosystems due
to widespread deforestation and the removal of riparian vegetation to establish pasturelands and agricultural
fields. Consequently, depending on the specific fishing locality, the river’s diverse ichthyofauna becomes
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accessible as a fishing resource for riverine communities. In these areas, SSF represent either the primary
economic activity or coexist with subsistence farming and extractivist practices involving both plant and
animal products (Barbosa, 2006).

The fishing fleet of the Lower Branco River primarily comprises small wooden boats ranging from six to
eight meters in length. Some vessels are more structurally equipped known as mother boats and are essential
for extended fishing expeditions (Castelo Branco et al., 2022). Most boats are powered by combustion engines
and typically operated by two fishers. Due to the lack of onboard refrigeration systems, fish are stored on ice
in support vessels. Catches are transported to Caracarai or the village of Vista Alegre in the upper stretch, while
in the lower stretch, they are sold in Caracarai, Barcelos (AM), Manaus (AM), or Novo Airdo (AM). Gillnets
are the predominant fishing gear Lower Branco River, with variations in size and mesh tailored to the target
species (Lopes & Souza, 2015; Castelo Branco et al., 2022). Other commonly used gears include longlines,
handlines, harpoons, cast nets, short spears (“zagaias”), line tips, rods, and additional artisanal implements
(Briglia-Ferreira et al., 2021).

Data Analysis

Landings were monitored in 2019, 2020, and 2021 as part of the project Monitoring and Participatory
Management of Artisanal Fisheries as a Tool for Sustainable Development in Amazon Region Communities
(TO/PA/RR) - Propesca. Data collection took place during the legally permitted fishing seasons: from March
to October in the Tocantins-Araguaia basin (Brasil, 2011b; Brasil, 2011c¢), and from July to February in the
Branco and Jauaperi river basins (Brasil, 2007). Additionally, some sampling was conducted during the closed
season (March to June) to assess the occurrence of subsistence fishing activities.

In both basins, monitoring efforts were concentrated at the main landing sites located in municipal centers,
as well as in more remote communities, such as those along the lower Branco River. Each landing event was
documented by community agents using paper forms (Fishing Monitors) who were properly identified and
trained by the technical team.

The unit of analysis was the fishing expedition (replica), defined as a complete round trip from and back to
the port of origin. Random sampling was employed, whereby monitors recorded landings as they occurred,
without targeting specific vessels or captains. Productivity was measured using Catch Per Unit Effort (CPUE),
a widely recognized indicator for assessing fish stock status (Petrere et al., 2010; Quirijns et al., 2008). The
sampling design followed a stratified random approach (Sparre & Venema, 1997), with strata based on
production (kg) and categorized by year, month, municipality, fishing gear, gender, number of fishers, and
number of fishing days.

The CPUE, in kg expedition™, was estimated as follows: Ulignai= Y. Crpgnar /> Fipgna, Where: Ul gpgnar is the
CPUEI], in municipality k, gear p, gender g, number of fishermen 7, fishing days d, at time ¢ (month and year);
Cipenar 1s the catch (in kg), in municipality k, gear p, gender g, number of fishermen 7, fishing days d, at time #
(month and year); Fiygna: is the effort in municipality &, gear p, gender g, number of fishermen #, fishing days
d, at time ¢ (month and year).

To compare CPUE means, an analysis of variance (Anova) was conducted using a completely randomized
design at a 5% significance level, followed by the Scott-Knott test to determine minimum significant
differences. All statistical analyses were performed using the software SisEAPRO - Sistema de Estatistica
Aplicada a Produgdo, version 3.5 (SisEAPRO, 2024). For each CPUE variable, the number of replicates, mean,
lower and upper confidence limits, and comparative statistics were evaluated. To minimize potential errors
arising from field data collection, tabulation, or outliers, 5% of the metadata, specifically the lowest 2.5% and
highest 2.5% of values were excluded from the analysis.

Results and Discussion
Number of Landings

A total of 8 143 fishing landings were recorded, with the highest proportion occurring in 2020 (55%),
followed by 2019 (30%) and 2021 (15%). The reduced number of records in 2021 is attributed to the COVID-
19 pandemic, which limited community mobility due to health-related restrictions and prevented the technical
team from conducting fieldwork for most of 2020 and all of 2021. However, it is important to highlight that
the lack of continuity in monitoring in 2021 may limit long-term inferences about productivity. In the
Tocantins-Araguaia basin alone, 6 981 landings were monitored. The municipalities with the highest sampling
frequencies were Esperantina (16.6%), Xambioa (14.2%), Couto Magalhaes (14.0%), and Maraba (11.8%). In
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contrast, Nova Ipixuna and Novo Repartimento accounted for the lowest proportions, with only 0.2% and 0.4%
of total landings, respectively (Figure 2A).

In the Branco and Jauaperi River basins, a total of 1 025 fishing landings were recorded, with 47% occurring
during the 2019/2020 season and 53% during the 2020/2021 season. Caracarai including both the municipal
center and communities along the Lower Branco River emerged as the primary fishing hub, accounting for
63.8% of all recorded landings, followed by the municipalities of Roraindpolis, Sdo Luiz, Sdo Jodo da Baliza,
and Caroebe (Figure 2B).
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Figure 2. Relative total landings (%) by basin and municipality in the study area. (4. Tocantins-Araguaia basin; B: Lower
Branco/Jauaperi River basin).

Productivity

The state of Para recorded the highest productivity, with a CPUE of 92.3 kg expedition™!, while the state of
Tocantins registered 50.5 kg expedition™ (Figure 3A). However, no significant differences (p < 0.05) in CPUE
were observed between years (Figure 3B), months (Figure 3C), genders (Figure 3D), or fishing strategies
(Figure 3E). Although the final three months of the series exhibited higher mean values, possibly indicating a
harvest period the monthly averages were statistically similar, ranging from 58.5 kg to 75.2 kg expedition’!
(Figure 3C). The observed stability in fishing productivity across years and months suggests that current
fishing effort remains compatible with stock availability. In other words, there is no evidence of overfishing in
the SSF.

When comparing CPUE among municipalities in the Tocantins-Araguaia basin (Tocantins and Pard), three
distinct productivity groups were identified (Figure 3E). Group 1 (G1, blue) included municipalities with
productivity up to 50 kg expedition™, with no significant differences among them (p < 0.05). Group 2 (G2,
green) encompassed municipalities with productivity between 50 kg and 110 kg expedition™!, with the two
highest, Maraba (mab/PA) and Itupiranga (itu/PA) being statistically similar. Group 3 (G3, red) comprised
municipalities with productivity exceeding 150 kg expedition™. Notably, this group, along with Maraba and
Itupiranga, is located near the Tucurui Dam, an area characterized by increased fish abundance due to the
presence of Tucurui Lake. In the comparison of productivity across different fishing gears gillnets (gil), cast
nets (cas), handlines (hoo), longlines (long), and others (oth) no statistically significant differences were found
(Figure 3F).

Catch per unit effort (CPUE) values did not differ significantly for expeditions involving one, two, three,
or five crew members (Figure 3G). However, higher productivity exceeding 100 kg per expedition was
observed when crews consisted of four or six fishermen. These findings suggest that expeditions with only one
or two crew members may be more economically efficient, given that CPUE remains statistically similar,
operational costs are reduced, and the profits are shared among fewer individuals. It is worth mentioning that
expeditions with one or two crew members represented 95% of all monitored fishing trips.

Regarding the number of days spent on board, the highest CPUE values were recorded during expeditions
lasting six, seven, and nine days (Figure 3H). Most expeditions, however, occurred over one and four days,
accounting for 48% of all trips. CPUE values for expeditions lasting three, four, five, six, nine, eleven, and
twelve days were statistically similar, with the four-day expeditions yielding an average of 72.8 kg per
expedition-more than twice the CPUE of one-day expeditions (33.6 kg expedition™). These results suggest that
four-day expeditions represent the most productive duration within the observed effort patterns.

In Roraima, there was no significant difference (p < 0.05) in CPUEs between the years analyzed (Figure 4-A).
However, meaningful variation was observed across fishing months, with March and September being the
most productive, yielding 240.3 kg and 216.7 kg expedition™!, respectively. Four distinct CPUE groups were
identified based on seasonal productivity: Group 1 (orange) includes July, August, and December; Group 2
(red) comprises October, November, January, and February; Group 3 (green) includes March and September,
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Figure 3. Comparison of CPUEs in the Tocantins-Araguaia Basin from 2019 to 2021. (A — State; B — Year; C — Month;
D — Gender; E — Municipality; F — Fishing gear; G — Number of fishers; H — Fishing days). Treatments with different
letters differ significantly (Anova — Scott-Knott test, 5%)

the most productive months; and Group 4 (blue) corresponds to the closed season months, during which
productivity is naturally lower due to fishing being limited to subsistence purposes. March marks the beginning
of the closed season (from March to June). However, fishers are permitted to complete and register their
activities during the first 10 days of the month, which accounts for the high productivity observed during this
period (Figure 4-B).

A significant difference in average CPUE was observed between men and women in Roraima, with values
of 159.6 kg and 118.3 kg per dispatch, respectively (Figure 4-C), contrasting with the gender-based CPUE
patterns observed in the Tocantins-Araguaia basin. CPUE also varied significantly among municipalities, with
Caracarai exhibiting the highest productivity, followed by Rorainopolis. In contrast, Caroebe had the lowest
CPUE (Figure 4-D). The yields of Sdo Luiz (89.1 kg expedition™) and Sdo Jodo da Baliza (84.4 kg/expedition)
were statistically equivalent.

Regarding fishing gear, gillnets (gil) were the most productive, with CPUEs statistically equivalent to those
in the "Other" (oth) category (Figure 4-E). The "Other" category includes various gear types used in specific
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fisheries, most notably the rede descaideira a type of gillnet widely used in Roraima and culturally
distinguished by fishers from the conventional malhadeira (Bastos et al., 2019). It also encompasses less
commonly employed methods such as harpoons, short spears (zagaia), and bows and arrows. Longlines (lon)
were the third most productive gear type, while cast nets (cas) and handlines (hoo) showed the lowest CPUE
values.

Concerning the number of fishermen on board, productivity was highest during expeditions with four crew
members, reaching an average of 267.1 kg expedition™. Catch per unit effort (CPUE) did not differ
significantly among expeditions with two, three, or five fishermen (Figure 4-F), while the lowest CPUE was
observed in expeditions with only one crew member. However, since the total catch is shared equally among
the crew, expeditions with two fishermen proved more productive on a per-person basis. As for the number of
fishing days, the highest CPUEs were recorded on trips lasting nine, six and eight days. The lowest CPUEs
occurred on expeditions of just one or two days (Figure 4-G), suggesting that productivity is directly related
to the duration of fishing activity.
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Figure 4. Comparison of CPUEs in the Lower Branco River and Jauaperi-Roraima basins from 2019 to 2021. (A - Year;
B - Month; C - Gender; D - Municipality; E - Fishing gear; F - Number of fishers; G - Fishing days). Treatments with
different letters differ significantly (Anova - Scott-Knott test, 5%).
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Although there are similarities between SSF in Tocantins and Para, communities in Para tend to have higher
CPUEs due to better access to more productive fishing areas, such as the Tucurui Hydroelectric Reservoir
(Cintra et al. 2007). While no significant differences are observed in the types of fishing gear used, gillnets are
typically the most employed and preferred method, accounting for 77% of recorded landings. In addition to
being widely used in inland freshwater environments (Baigun & Valbo-Jorgensen, 2023; Cashion et al. 2018),
gillnets consistently yield higher CPUEs compared to other gear types in several rivers across the Amazon
basin, including the Tapajos, Negro, and Madeira (Hallwass et al., 2023).

Regarding fishing expeditions, while crews of one or two fishers may yield higher individual returns, the
complex dynamics of SSF leave little room for definitive conclusions. This complexity stems from their multi-
species nature and their sensitivity to a wide range of environmental and social factors (Castilla & Defeo,
2005). Fishing performance is shaped by stock availability and distribution, effort levels, vessel technology,
target species, fishers’ traditional knowledge, and weather conditions (Dias & Prysthon, 2022). Furthermore,
cultural characteristics unique to each region play a significant role, as catch data alone is insufficient for a
comprehensive analysis. SSF is a multisectoral activity deeply intertwined with poverty reduction and food
security efforts (Mancha-Cisneros et al., 2019).

Therefore, highlighting the productivity of SSF serves as a source of encouragement for riverside
communities, as it contributes to the strengthening of social movements (Maarten et al., 2018) and the
recognition of SSF as a sustainable and productive sector. Monitoring programs should become more adaptive
to fostering greater social participation. In doing so, data collection can better integrate aspects of productivity,
biology, and socio-ecology (Cunha & Sousa, 2024).

Although men's fishing yields were 10% higher than women's, productivity in Tocantins was statistically
equivalent. This apparent difference in male productivity can be attributed to men's greater physical strength,
allowing them to handle larger quantities of gear and fish, as well as their ability to access more remote fishing
areas often carrying boats and ice boxes by hand through difficult terrain. While women participate in all
aspects of fishing, they still face inequalities, particularly due to a clear division of labor between those who
live with partners and those who are single (Aratjo & Parente, 2016). In Roraima, women's roles are more
diverse and tend to focus on complementary activities, such as food preparation and caregiving, as well as
participation in social, economic, and cultural spheres (Cavalcante et al., 2020).

According to the Ministry of Fisheries and Aquaculture (Brazil, 2024), women comprise 42.7% of the SSF
workforce in Tocantins, 48.5% in Para, and 46.2% in Roraima. Gender-focused research in SSF is essential for
understanding how women and men engage with and are affected by the sector, particularly in the face of
recent changes and associated risks (Maneschy et al., 2012).

Despite stable productivity in terms of CPUE, the Tocantins-Araguaia basin has historically faced numerous
setbacks resulting from unsustainable economic development, particularly due to the rapid expansion of human
activities over the past decade (Pelicice et al., 2021). Contributing factors include the construction of
hydroelectric power plants and the obstruction of tributaries, which disrupt the river’s natural flow and impact
its ecosystems (Akama, 2017); the rapid and unregulated growth of agribusiness (Scaramuzza et al., 2017); the
expansion of cattle ranching, which has led to the loss of vast areas of tropical forest (Nepstad et al., 2014);
and the widespread, uncontrolled use of pesticides (Martinelli et al., 2010).

Fisheries monitoring efforts in the Brazilian Amazon are valuable but remain largely isolated and poorly
integrated into public policy, particularly regarding fisheries statistics (Alcantara et al., 2015). Many of these
initiatives stem from academic research projects that often lack meaningful engagement with fishing
communities and demonstrate limited coordination with public authorities. As a result, they fail to address the
sector’s real socio-economic needs. This disconnection contributes to the limited understanding of both
fisheries and the ecosystems they rely on (World Bank, 2010).

The number of landings is significant in both basins, particularly given the absence of systematic data
collection in these regions until now. Efforts in the Amazon biome underscore the urgent need for a robust
monitoring system, emphasizing the role of institutional support and political will both essential for informed
decision-making and effective fisheries management (Nolan, 2021). Building on the experience of Propesca,
the government of Tocantins took a major step by issuing a Normative Instruction in 2024 that establishes
permanent monitoring of fishing landings as part of its public policy (Tocantins, 2024).

The data derived from 6 981 recorded landings in the Tocantins-Araguaia basin challenge prevailing
narratives regarding declining productivity due to fishing pressure and the current state of stock exploitation
in the region. The historical lack of systematic data collection in the fisheries sector has contributed to
conflicting perspectives, particularly in media discourse. On one hand, a decline in fish stocks is attributed to
multiple uses and increasing threats to freshwater ecosystems. On the other, it is argued that the sector is in
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fact expanding, with much of its production going unreported (Bartley et al., 2015). In Roraima, the monitoring
of 1 025 landings marks the first structured effort to document key data on fishing productivity and stock
exploitation. This information is essential for informing sustainable management practices and guiding the
responsible use of aquatic resources in the basin (Briglia-Ferreira et al., 2021).

The Caracarai fishing center is located within the Branco River basin, specifically in the stretch that exhibits
the most prominent Amazonian features, including the presence of streams and lakes. This region is defined
by a floodplain system, shaped by unique physical attributes and regulated by the Amazon basin's distinctive
hydrological dynamic known as the flood pulse. These periodically inundated areas create environments rich
in food resources and ecological niches, thereby supporting a more concentrated, intense, and productive
commercial fishing activity (Brasil, 2014; Campos, 2011; Ferreira et al., 2007).

The fluctuation in the number of fishermen in Roraima is influenced by the seasonal dynamics of fishing
resources. Fish schools migrate in accordance with the flood pulse and the availability of food and shelter,
prompting a reorganization in the composition of fishing expeditions. This reorganization is shaped by the
distances traveled, the various roles and specializations among fishermen, and the increased safety afforded by
traveling in larger, familiar groups (Castelo Branco et al., 2022; Garcia et al., 2007). According to local fishers,
expeditions lasting up to three days typically involve two participants; those lasting four to five days involve
up to three; and expeditions of six or more days usually require at least four fishermen. The duration of these
expeditions varies with the hydrological cycle and reflects the fishers' adaptation to the spatial and temporal
distribution of aquatic resources (Castelo Branco et al., 2022). SSF in the region display a temporal dynamic
that drives the use of different fishing gears. This variation is shaped by the life cycle characteristics of target
species, the hydrological and climatic conditions of the system, as well as cultural preferences and the
economic demands of the consumer market (Bentes et al., 2018).

Conclusions

The basins examined in this study hold significant national relevance and are major tributaries of the
Amazon biome, particularly with respect to aquatic biodiversity and food production derived from artisanal
fisheries. This production chain plays a critical role in sustaining local socioeconomic systems and ensuring
food security. The results and methodologies presented herein can be replicated in other Amazonian regions,
provided they are appropriately adapted to the distinct local and cultural contexts.

The collaborative effort of participatory monitoring across the three states, implemented on a pilot basis
using a unified and participatory methodology, represents an unprecedented initiative in the region. It
underscores the critical role of the SSF production chain in generating employment, income, and food security
for thousands of families. This initiative highlights the pressing need for an institutional pact aimed at fostering
fisheries development grounded in participatory approaches. In this context, it is pertinent to present a series
of reflections to inform and support future fisheries management strategies.

The landings sampling methodology proved effective in capturing the distinct productive characteristics of
the two basins under study. In the Tocantins-Araguaia basin, four-day expeditions with crews of one or two
fishermen consistently yielded higher productivity, regardless of year, month, gender, or fishing gear used. In
contrast, the most productive expeditions in the Branco/Jauaperi River basin were those lasting six days,
involving two male fishermen, conducted in September (regardless of the year), using gillnets in the
municipality of Caracarai. The observed stability in catch per unit effort (CPUE) suggests that current fishing
efforts remain compatible with available fish stocks. In other words, there is no evidence of overfishing within
the context of SSF.

The analysis of over 8 000 fishing landings has significantly enhanced the visibility of the SSF production
chain. Ensuring the continuity of this monitoring effort is essential and requires a formal agreement among
public authorities, research institutions, the production sector, and organized civil society. The goal is to
institutionalize landings monitoring as a permanent component of state public policy. In this context, the
Propesca methodology played a key role in supporting and motivating the state of Tocantins to establish IN
07/2024, under the “Trilha da Pesca” program. This initiative aims to systematically monitor fishing landings
across the state, replicating the Propesca methodology and generating a continuous, high-quality, state-
managed database.

In Roraima, Propesca has fostered greater awareness among fishing organizations regarding the value of
the data generated, prompting increased demands for stronger public sector engagement and more effective
public policies for SSF. Additionally, several municipalities have expressed interest in establishing local
fisheries monitoring programs.
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