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Abstract: Fishermen’s Local Ecological Knowledge (LEK) provides
valuable insights for environmental conservation and fisheries manage-
ment. LEK from fishermen in two large Brazilian bays was used to detect
changes in fish abundance and trophic levels, allowing an evaluation
of human impacts and the ‘fishing down marine food webs’ hypoth-
esis. Currently, the most frequently captured species are Whitemouth
croaker (Micropogonias furnieri) (61.5% of fishermen’s responses),
Lebranche mullet (Mugil liza) (29%), and Common snook (Centropo-
mus undecimalis) (20%). In contrast, Brazilian sardinella (Sardinella
brasiliensis) (17%), Bluefish (Pomatomus saltatrix) (15%), and Serra
Spanish mackerel (Scomberomorus brasiliensis) (14%) have shown
marked declines. According to fishermen, the main drivers of these de-
clines are industrial fishing by large trawlers (36%), industrial pollution
(16%), and large-scale development projects (10%). Declines in fish
trophic levels support the ‘fishing down marine food webs’ hypothesis.
Strengthened enforcement of fishing regulations is essential for sustain-
ing artisanal fisheries and conserving biodiversity.
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Introduction

Estuarine areas are crucial ecosystems connecting watersheds and coastal waters,
providing key biological resources to human populations (Whitfield, 2022). However,
anthropogenic pressures, especially from port and industrial activities, have altered their
dynamics through dredging, habitat degradation, and pollution, thereby affecting fish
communities (Barletta; Lima; Costa, 2019; Prestrelo; Monteiro-Neto, 2016;).

Conservation efforts should be proactive, ensuring resources sustainability while
recognizing the cultural importance of estuaries for traditional communities. Local depen-
dence on these environments extends beyond mere livelihoods (Barletta; Lima; Costa,
2019). Management should move beyond purely economic goals by incorporating tradi-
tional knowledge into decision-making to promote the sustainable use of long-inhabited
environments (Diegues, 2004). Ultimately, ecosystem management must consider the
dynamic relationship between human knowledge, practices, and the environment.

The Local Ecological Knowledge (LEK) of artisanal fishermen has significant value
for environmental conservation and fisheries management (Hill et al., 2010; Vieite et al.,
2022). For example, traditional fishermen in Puerto Rico frequently cite the Lebranche
mullet Mugil liza Valenciennes, 1836 as an indicator of estuarine health (Garcia-Quijano;
Valdés-Pizzini, 2015). This is noteworthy because fisheries management encompasses all
components of a socio-ecological system, including target resources, associated ecosystems,
fishing practices, and social, cultural, economic, and governance subsystems (Orensanz;
Parma; Cinti, 2015). Studies have been conducted to understand the relationship between
fishermen and their environment, as well as environmental transformations and their
impacts on fishing activities (Tavares Filho et al., 2020).

Integrating Local Ecological Knowledge (LEK) into natural resource management
is essential for developing more sustainable and inclusive approaches. LEK, built through
generations of environmental observation, plays a vital role in conservation but has long
been marginalized (Berkes, 2008; Johannes, 2002). Its inclusion supports decentralized
governance (Begossi, 2006) and challenges dominant Western scientific paradigms (Fou-

cault, 1979; Santos, 2002).
In Brazil, studies by Silvano and Begossi (2012) and Costa-Neto and Marques (2000)

show that artisanal fishers possess detailed ecological knowledge, such as species behavior
and ecosystem dynamics, that is valuable for participatory management. Although this

knowledge differs from scientific taxonomies, it is highly effective and culturally grounded
(Lévi-Strauss, 1962; Rodrigues, 1905).

LEK has also been applied globally. In Peru and Cabo Verde, it revealed dramatic
declines in fish stocks (Castagnino et al., 2023; Macedo et al., 2024). In Costa Rica and
Bangladesh, it helped reconstruct trends and inform models (Sanchez-]Jiménez et al.,
2019; Ullah et al., 2023). In Mauritius, fishers reported coral reef degradation and stock
loss associated with warming and pollution (Appadoo et al., 2023). Thus, integrating
LEK is both a practical and political act, bridging knowledge systems and strengthening
conservation grounded in local realities.
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Pauly et al. (1998) showed that analyzing the mean trophic levels (TL) of fish in
catches provides insight into trophic declines driven by fishing pressure over time. This
process, known as fishing down marine food webs, involves the initial targeting of high-TL
species, followed by a shift toward species at lower TLs as fishing progresses. By selectively
removing organisms from the food chain, fishing alters both trophic structure and size
composition (Pauly et al., 1998; Shin et al., 2005). Therefore, comparing the mean trophic
levels of the most frequently caught fish species over time by artisanal fishers in coastal
environments offers a way to test the relevance of this hypothesis in small-scale fisheries.

Rio de Janeiro State, Brazil, has two major bays on its southern coast, namely
Sepetiba (SB) and Ilha Grande (IGB), which support multiple human activities, includ-
ing fishing, tourism, transportation, port operations, industry, and urban settlements.
However, both bays are subject to increasing anthropogenic pressures, such as pollution

and habitat destruction, which have progressively affected fish communities, particularly
in SB (Aratjo; Azevedo; Guedes, 2016).

This study aims to explore the local ecological knowledge (LEK) of artisanal fish-
ers from caicara and quilombola communities regarding historical patterns of the most
frequently captured fish species in Sepetiba Bay (SB) and Ilha Grande Bay (IGB). By
documenting and safeguarding this knowledge, the study seeks to support environmen-
tal conservation, fish species protecting, and the preservation of social fabric, cultural
diversity, and traditional livelihoods in artisanal fishing communities.

Furthermore, this study investigates the hypothesis proposed by Pauly et al. (1998),
which posits that the mean trophic level of fish species declines over time because of
fishing pressure. To test this hypothesis, the historical mean trophic levels of the most
frequently captured fish species by artisanal fishers in SB and IGB were compared with
their current trophic level. Confirmation of this pattern would provide evidence that
reductions in mean trophic level within the food web reflect the impacts of fishing pres-
sure and/or declining environmental quality in these bays.

Methods
Study area

SB covers an area of approximately 450 km? and is situated in a region subject to
intense urban-industrial pressures. In contrast, IGB spans about 650 km? and experiences
anthropogenic pressures, albeit to a lesser extent than SB (Figure 1). These two bays differ
in their geomorphological and environmental characteristics. SB exhibits a pronounced
salinity gradient due to the substantial freshwater input and has an average depth of 8.0
meters, with the dredged navigating channel for the Port of Sepetiba reaching depths of
20-30 m. Prevailing northeast and southwest winds generate thermal currents between
the bay and the adjacent ocean, producing a clockwise circulation pattern that promotes
continuous water exchange with the sea (Copeland et al., 2003).

Rapid urbanization, industrialization, and agricultural expansion have increased
the input of organic and industrial waste, particularly in recent decades in SB (Molisani
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et al., 2006). In addition, major structural changes have occurred along the margins of SB,
including the establishment of a large cargo port terminal, a steel plant, and a submarine
construction facility (Aratjo; Azevedo; Guedes, 2016). More recently, the installation of
the Turkish thermal power plant Karpowership, comprising four floating barges for energy
generation in the inner bay, and the construction of 36 onshore transmission towers, with
associated mangrove suppression, represent the latest large-scale development in the area.

The surrounding area of SB is experiencing population growth despite a lack of
essential infrastructure, including basic sanitation and public health services. Accelerat-
ing urbanization has intensified social inequality in the region. Similarly, the expansion
of industrial and logistics complexes has occurred with limited state oversight, promoting
industrial growth that often disregards social and environmental concerns. As a result,
marine, riverine, and atmospheric pollution have increased, degrading environmental
conditions and the quality of life of local populations (Rodrigues et al., 2020; Souza et
al., 2021).

IGB is influenced by tides and local winds, which, together with weak ocean cur-
rents and limited hydrodynamics, contribute to its distinctive environmental conditions
(Fragoso, 1999). The waters of IGB are generally calm, with temperatures ranging from
20° to 28°C. During summer, water visibility can reach considerable depths, depending on
location (Skinner; Barboza; Rocha, 2016). Recognized as a key component of the Serra
do Mar Biodiversity Corridor, IGB is of great importance for biodiversity conservation,
sustainable use, and equitable sharing of benefits, as acknowledged by the Brazilian Minis-
try of the Environment under the Biodiversity Conservation and Sustainable Use Project
- PROBIO (MMA, 2002). In addition, IGB is a major hub of economic development in
the state of Rio de Janeiro, hosting large-scale enterprises such as the BrasFELS shipyard,
the port of Angra dos Reis, the Eletrobras nuclear power plants, and the TEBIG-Petrobras
oil terminal. Tourism-based activities, including boat tours, recreation, snorkeling, fishing
(recreational, artisanal, and industrial), and mariculture also play a central role in the
regional economy (Joventino; Lianza; Johnsson, 2013).
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Figure 1. Map of Sepetiba and Ilha Grande Bays, showing the 41 artisanal
fishing communities surveyed. Names of the communities in Table 1.

Source: Prepared by the authors, 2024.

Fisherfolk communities

Artisanal fishers in both bays typically operate small vessels in coastal areas, using
s motorized canoes, rowboats, or small trawlers, which distinguishes them from industrial
fleets that rely on large trawlers. Figure 2 illustrates the types of vessels commonly used
by these artisanal fishers in the surveyed regions.
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Figure 2. Artisanal fishermen from various locations in Sepetiba and Ilha Grande Bays and
some models of boats used by them in fishing: (1) Barra de Guaratiba, with the Marambaia
Sandbank (outer face) in the background; (2) Pedra de Guaratiba, with the Marambaia
Sandbank (inner face) in the background, showing signs of silting and a pier built by the
city to try to minimize the effects of silting, in the foreground; (16) Praia da Pescaria
Velha, Marambaia Sandbank; (18) Mangaratiba, with Ilha Grande in the background;
(22) Abraao, Ilha Grande; (29) Proveta, Ilha Grande, Open Sea; (33) Vila do Retiro,
Angra dos Reis; (40) Ilha das Cobras, Paraty. Photos: Claudio Nona Morado, 2019-2020.

Source: Prepared by the authors, 2024.

In the areas surrounding these bays, local communities include caicara fishers and
small-scale farmers who sustain their livelihoods through fishing and agriculture, with
particular emphasis on flour production. The region is also home to quilombola com-
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munities, descendants of formerly enslaved Black populations who resisted slavery and
established autonomous territories. Quilombolas have preserved their cultural traditions
and developed sustainable livelihoods based on natural resources, maintaining interactions
with other traditional communities and broader society. Their activities include farming,
fishing, and community-based tourism within their territories, which they continue to
defend (Itapatrimonio, 2023). Despite long-term adaptation to often adverse conditions,
the remaining quilombola communities in Marambaia, distributed across the two bays, still
face restrictions on their territorial rights due to the Brazilian state’s failure to formally
recognize and title their lands.

Urbanization and industrialization have led to environmental impacts and in-
creasing social inequalities. This aligns with Santos (1996), who argues that in Brazil,
the State often prioritizes corporate interests over strengthening its regulatory role in
socio-environmental matters. As a result, the territory governed by laws and under state
authority becomes intertwined with a normative territory dominated by corporations,
information, and networks.

It is important to note that the Brazilian Federal Constitution of 1988, together
with the National Policy for the Sustainable Development of Traditional Peoples and
Communities (Decree No. 6.040/2007; Brazil, 2007), and the International Labour Orga-
nization (ILO) Convention 169, safeguard the territorial rights of traditional communities.
The Convention also requires consultation with affected peoples, through appropriate
procedures, whenever legislative or administrative measures that may directly affect them
are considered. ILO Convention No. 169 further recognizes the special relationship that
traditional peoples maintain with their environments, which is essential for their cultural
and economic survival.

Despite this legal framework, traditional fishing communities, including caicaras
and quilombolas, are often rendered invisible and have their rights unrecognized, even
though they are classified as traditional communities under the Convention. Moreover,
the definitions established in the constitutional decree do not fully capture the complexi-
ties and specificities of artisanal fishers and their fishing territories.

Data collection

A total of 198 traditional fishermen participated in the survey, which was conducted
between November 2018 and February 2020. Among these, 111 fishermen were from
fishing communities in SB, and 87 were from IGB. All respondents were active fishermen;
no cultural consultants were interviewed. The number of participants interviewed per
community ranged from 1 to 20 (Table 1).

In Sepetiba Bay, three fisher colonies have approximately 3.500 registered and
an estimated 1.500 unregistered fishermen (Silva; Suiama, 2018). Paraty Bay has more
than 1.000 fishers (Juliana Vieira de Jesus, Z-18 Fisher Colony). No official data were
available for Angra dos Reis or Conceigio de Jacarei at the time of the study. The survey
encompassed 41 artisanal fishing communities across these two bays (Figure 1).
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Participants were selected using the snowball sampling method (Silvano; Valbo-
Jorgensen, 2008). At the end of each interview, respondents were asked to indicate
another experienced fisherman. Both, part-time and full-time artisanal fishermen were
interviewed. They used small-scale and low-technology fishing gear, including fishing
lines, hooks, longlines, gillnets, weirs, and similar equipment.

Two semi-structured questionnaires were applied following the methodology pro-
posed by Mourio and Nordi (2003). The first questionnaire collected socioeconomic data
to characterize the local fishing communities, including age and years of fishing experi-
ence. The second questionnaire focused on ethnoichthyological information, aiming to
document perceptions of historical abundance of the most caught fish species.

All interviews were recorded with the informed and voluntary consent of the
participants and are archived at the Fish Ecology Laboratory (LEP) of the Federal Rural
University of Rio de Janeiro (UFRR]). The study was approved by an ethics committee
under CAEE (Ethical Studies Evaluation Board) number 95479318.1.0000.8144.

Table 1. Number of fishers interviewed in each community.

Continent/Island/

Bay Locality Sandbank Number
Sepetiba . .
1 Barra de Guaratiba Continent 9
Bay
2 Pedra de Guaratiba Continent 20
3 Ilha da Madeira Continent 20
4 Iracuruga Continent 7
5 Gamboa [tacuruc4 Island 5
6 Grande Beach Ilha de Itacurucé 4
7 Estopa Beach Jaguanum Island 1
8 Pitangueiras Beach Jaguanum I[sland 3
9 Calhau Beach Jaguanum Island 4
10 Sul Beach Jaguanum Island 2
11 Sitio Beach Marambata Sand- 1
bank
12 Caju Beach Marambaia Sand- 5
bank
13 Suja Beach Marambaia Sand- 6
bank
14 Grande Beach Marambata Sand- 1
bank
15 Cutuca Beach Marambata Sand- 2
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Marambaia Sand-

16 Pescaria Velha Beach 12
bank
17 Muriqui Continent
18 Mangaratiba Continent
Ilha Grande 19 Itacurubitiba Beach, Conceigao .
) Continent 2
Bay de Jacarei
20 Conceigao de Jacarei Continent 2
21 Porto Galo, Angra dos Reis Continent 4
22 Abrado, Angra dos Reis Ilha Grande 6
23 Praia de Fora, Angra dos Reis  Ilha Grande 6
24 Saco do Céu, Angra dos Reis Ilha Grande 2
25 Matariz, Angra dos Reis [lha Grande 3
26 ‘Passa Terra Beach, Angra dos Ilha Grande 3
Reis
27 Maguariquegaba Beach, Angra Ilha Grande 3
dos Reis
28 Aragatiba, Angra dos Reis [lha Grande 6
29 Provetd, Angra dos Reis Ilha Grande 10
30 Monsuaba, Angra dos Reis Continente 2
31 ‘Sﬁo Bento Beach, Angra dos Continent 6
Reis
32 Bairro do Bonfim, Angra dos .
. Continent 1
Reis
33 Vila do Retiro, Angra dos Reis  Continent 5
34 ‘Vermelha Beach, Angra dos Continent )
Reis
35 Praia de Tarituba, Paraty Continent 4
36 Grande Beach, Paraty Continent 2
37 Aratjo Island, Paraty Island 2
38 Jabaquara Beach, Paraty Continent 1
39 Pontal Beach, Paraty Continent 4
40 Ilha das Cobras, Paraty Continent 9
41Ch4cara da Saudade, Paraty Continent 2

Source: Prepared by the authors, 2024
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Data treatment

Fishermen’s responses were analyzed by comparing answers and calculating the
frequencies and proportions of similar responses. Although some communities were
underrepresented, the objective was to characterize patterns at the bay scale rather than
to perform community-level comparisons.

Average trophic levels were calculated for fish species reported as frequently caught
in the past decades but currently considered rare or markedly reduced in abundance.
Each interviewee could mention more than one species. Trophic level information was
obtained from FishBase and compared with the trophic levels of species currently caught
by artisanal fishermen. This comparison aimed to test the hypothesis proposed by Pauly
et al. (1998) that mean trophic levels decline over time because of fishing pressure.

Fishermen’s oral accounts were transcribed, and textual analyses were conducted
to investigate perceived drivers of declines in fish abundance. In this study, “past decades”
were defined as periods more than 10 years prior to the present, encompassing information
from 2010 or earlier. Qualitative analyses were performed using IRAMUTEQ software
(RATINAUD, 2009), a free interface based on R statistical environment. IRAMUTEQ
organizes, segments, and codes textual data through lemmatization, grouping words by
their root forms regardless of tense, gender, or number, thereby facilitating textual analysis
(Camargo; Justo, 2013; Kami et al., 2016).

A similarity analysis was applied to responses concerning the decline in abundance
of heavily exploited species. Based on graph theory, this analysis generates a word tree
that illustrates relationships among terms across interviews (Salviati, 2017). The results
are summarized into a maximum tree highlighting the strongest associations (Verges;
Bouriche, 2001), in which words represent vertices and edges indicate co-occurrences.
More frequent words are represented by larger nodes and stronger connections by thicker
edges (Baril; Garnier, 2015).

Results

The age of interviewees from fishing communities in SB and IGB ranged from 19
to 95 years, with a mean of 55 years (standard deviation, SD = 14). Mean age was simi-
lar between bays, averaging 55 years in SB (SD = 14), and 54 years in IGB (SD = 15).

Fishing experience averaged 39 years across both bays (SD = 15). Interviewees
from SB reported a mean of 38 years of experience (SD = 14), whereas those from IGB
averaged 41 years (SD = 16). Most interviewees learned to fish from their parents (55%
overall) with this pattern reported by 50% of participants in SB and 60% in IGB.

The most frequently caught fish species reported by artisanal fishermen across
both bays were Whitemouth croaker Micropogonias furnieri (Desmarest, 1823) (61.5%
of respondents), Lebranche mullet (M. liza) (29%), and Common snook Centropomus
undecimalis (Bloch, 1792) (20%). In SB, fishermen identified 36 ethnospecies as com-
monly caught in artisanal fisheries. Among these, “corvinota” and “viroti,” referred to
juvenile Whitemouth croaker and juvenile Lebranche mullet, respectively. The most
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frequently reported species in SB were Whitemouth croaker (67%), Lebranche mullet
(44%), Bigtooth corvina Isopisthus parvipinnis (Cuvier, 1830) (20%), White mullet Mugil
curema Valenciennes, 1836 (20%), and Common snook (19%) (Table 2).

In IGB, fishermen identified 44 ethnospecies commonly caught in artisanal fisher-
ies. The most frequently reported species were Whitemouth croaker (56%), Horse-eye
jack Caranx latus Agassiz, 1831 (30%), Common snook (21%), Brazilian sardinella
Sardinella brasiliensis (Steindachner, 1879) (14%), King mackerel Scomberomorus cavalla
(Cuvier, 1829) (14%), Lebranche mullet (14%), Bluefish Pomatomus saltatrix (Linnaeus,
1766) (13%), and Largehead hairtail Trichiurus lepturus Linnaeus, 1758 (13%). In the
fishermen “s ethnotaxonomy, “Carapau” and “Xerelete” are treated as distinct species,
although fishermen recognize that “Carapau” represents a smaller size class within the
“Xerelete” category. When both are combined according to scientific taxonomy, the rela-
tive frequency of the Horse-eye jack remains 30%, ranking as the second most important
species in catches in IGB. On average, 7% of fishermen did not respond to this question
(12% in SB and 2% in IGB) (Table 2).

Fishermen from both bays reported a marked decline in the abundance of nearly
all fish species over recent decades. When data from both bays were analyzed jointly, the
species most frequently perceived as declining were Brazilian sardinella (17%), Bluefish
(15%), Serra Spanish mackerel Scomberomorus brasiliensis Collette, Russo & Zavala-Camin,
1978 (14%), and King mackerel (13%). In SB, fishermen identified 52 species perceived
to have undergone the most pronounced declines. The most frequently cited were Serra
Spanish mackerel (28%), Bluefish (15%), King mackerel (15%), Black drum Pogonias
chromis (Linnaeus, 1766) (14%), and Brazilian sardinella (14%) (Table 2).

In IGB, fishermen reported a significant decrease in the abundance of 53 species.
The species most frequently cited as declining were Brazilian sardinella (19%), Bluefish
(15%), King mackerel (11%), Acoupa weakfish Cynoscion acoupa (Lacepede, 1801)
(11%), and Jamaica weakfish Cynoscion jamaicensis (Vaillant & Bocourt, 1883) (11%).
On average, 11% of fishermen did not respond to this question, with non-response rates
of 16% in SB and 7% in IGB (Table 2).

The primary factors cited by fishermen from both bays as contributing to fish
declines were industrial boats (48%), followed by industrial pollution (11%). Artisanal
fishermen from SB identified the operation of industrial boats (36%), industrial pollution
(16%), and the establishment of mega-companies (10%) as significant factors. In contrast,
respondents from IGB attributed fish declines mainly to industrial boats (60%), harpoon
fishing (7%), and industrial pollution (6%). Overall, 22% of respondents did not answer
this question, with non-response rates of 24% in SB and 21% in IGB (Table 2).
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Table 2. Most Captured Ethnospecies, Their Decline, and Identified
Causes: Artisanal Fishermen’s Perception in Sepetiba and Ilha

Grande Bays. DK (Don’t Know); DA (Didn’t Answer).

Sepeti- DK/ Ilha Gran- DK/ Mean DK/
Ethnospecies Scientific name baBay DA de Bay DA (;a) DA
%) (%) (%) %) (%)
Most caught 12 2 7
. Micropogonias furnieri
Corvina (Desmarest, 1823) 67 56 61
. Mugil liza Valenciennes,
Tainha 1836 44 14 29
Centropomus undecimalis
Robalo (Bloch, 1792) 19 21 20
Carapau/Xerelete* ?gl;’clmx latus Agassiz (16/14)30 15
) Mugil curema Valencien-
Parati nes, 1836 20 10
Isopisthus parvipinnis
Pescadinha (Cuvier, 1830) Agassiz, 20 10
1831
. Sardinella brasiliensis
Sardinha (Steindachner, 1879) 14 01
Scomberomorus cavalla
Cavala (Cuvier, 1829) 14 07
Pomatomus saltatrix (Lin-
Anchova naeus, 1766) 13 6.5
Trichiurus lepturus Lin-
Espada nacus, 1758 13 6.5
Sharp decline 16 7 7 11
. Sardinella brasiliensis
Sardinha (Steindachner, 1879) 14 19 17
Pomatomus saltatrix (Lin-
Anchova naeus, 1766) 15 15 15
Scomberomorus brasi-
liensis Collette, Russo &
Sororoca Zavala-Camin, 1978 28 14
Scomberomorus cavalla
Cavala (Cuvier, 1829) 15 11 13
L Pogonias chromis (Lin-
Piratina naeus, 1766) 14 o7
Pescada amarela Cynoscion acoupa (Lace- 11 5.5
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Cynoscion jamaicensis

Goete (Vaillant & Bocourt, 11 5.5

1883)
Causes of decline 24 21 22
Industrial boats 36 60 48
Industrial pollution 16 6 11
Installation and
operation of mega- 10
-projects
Harpoon fishing 7

Source: Prepared by the authors, 2024.

A decline in the overall mean trophic level over time was observed when com-
paring fish species caught by artisanal fishermen in SB and IGB in previous decades with
those caught in the present.

To address the question “What are the causes of the decline in the abundance
of fish that were heavily caught decades ago”, a textual analysis was conducted using
IRAMUTEQ). Key terms identified in the responses of artisanal fishermen included “in-
dustrial” (53 occurrences), “fishing” (52 occurrences), “boat” (27 occurrences), “trawler”
(24 occurrences), “lot” (21 occurrences), and “pollution” (20 occurrences). The Classical
Textual Statistics (CTS) analysis comprises 132 texts and 132 text segments (ST), 682-
word occurrences, of which 21.21% were hapax (words occurring only once), and 245
unique word forms, of which 61.63% were hapax.

The word “industrial” occupies a central position in the semantic network, con-
necting to other terms in a fan-shaped structure of high similarity (Figure 3). Collectively,
these words represent multiple facets of the main environmental impacts associated with
the temporal decline in fish abundance in SB and IGB. The terms such as “fish,” “boat,”
“pollution,” and “lot,” highlighted in bold, occurred more frequently, corroborating pat-
terns observed in the word cloud analysis.

Notably, “industrial” showed strong associations with these terms, indicating
a clear link between industrial fishing operations, conducted by large boats or trawlers
equipped with sonar, and the depletion of fish stocks. A 52-year-old fisherman from Ilha
Grande Bay attributed declining fish abundance to the expansion of industrial fishing:
“After the ‘evolution’ of boat fishing (industrial): sonar, radar (lots of catch).”

Similarly, a 77-year-old from Sepetiba Bay emphasized the impact of industrial
boats and port activities, stating: “Dredging and pile-driving noise scared the shark away.”
The lack of effective supervision by regulatory authorities was also frequently cited, par-
ticularly regarding industrial sardine fishing and shrimp trawling. A 40-year-old fisherman
from Ilha Grande Bay reported that unsupervised industrial trawlers catch up to 300 kg
per net lift, contributing to stock declines.
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The term “pollution” also emerged prominently and was closely linked to “indus-
trial,” highlighting industrial pollution from large-scale regional projects, as the second
most significant environmental impact driving long-term declines in fish abundance.
This perception was reinforced by a 41-year-old fisherman from Sepetiba Bay, who cited
industrial vessels and unmonitored corporate pollution as major causes of fish declines.

Figure 3. Similarity analysis representing the perception of fishermen about the
principal causes of declining fish abundance compared to past decades.

Source: Prepared by the authors, 2024.
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Discussion

The most important fish species for the fishing communities of SB and IGB, accord-
ing to this study, are the Whitemouth croaker (M. furnieri), followed by the Lebranche
mullet (M. liza) and the Common snook (C. undecimalis). These species were frequently
mentioned during interviews, particularly the Whitemouth croaker and Lebranche mul-
let. Aradjo; Azevédo and Guedes (2016), studying fish communities in SB across three
periods (1983-1985; 1993-1995; 1999-2001) reported that Whitemouth croaker remained
abundant throughout all periods, whereas Lebranche mullet became one of the most
abundant species in the later years. Similarly, using Local Ecological Knowledge (LEK),
Paz and Begossi (1996) identified Whitemouth croaker as the consumed and commer-
cially important species among artisanal fishermen in Praia da Lagoa, SB. Significant
differences in the importance of these species between the two bays were observed in
both scientific studies and LEK. Aratjo, Azevédo and Guedes (2016) recorded higher
catches of Whitemouth croaker and Lebranche mullet in SB than IGB, a pattern that is
consistent with reports from artisanal fishermen, who indicated that catches of Lebranche
mullet were approximately three times higher in SB than in IGB.

LEK indicates a perceived decline in both fish abundance and diversity across
several species. Industrial fishing vessels were identified as the primary environmental
concern by 60% of fishermen in IGB, compared to 36% in SB. In contrast, industrial
pollution was mentioned more frequently in SB (16%), at twice the rate reported in IGB
(6%). Other concerns included the impact of large-scale infrastructure and megaprojects
in the SB region (10%) and spearfishing activities (7%) in both bays, the latter being
associated by fishermen with the decline of the Dusky grouper Epinephelus marginatus
(Lowe, 1834) in IGB.

In recent decades, SB has experienced an intensification of human activities,
resulting in increased inputs of organic and industrial waste flowing into the bay. Previ-
ous studies have linked these pressures to eutrophication and contamination processes
(Mello et al., 2022; Molisani et al., 2006;), as well as to urban expansion and habitat
degradation (Molisani et al., 2006; Tonh4 et al., 2020). The expansion of the port to ac-
commodate larger vessels and the installation of major industrial complexes, such as the
ThyssenKrupp Companhia Sidertrgica do Atlantico (TKCSA), have further intensified
environmental pressure in the region (ANTAQ), 2022; Aratjo; Azevédo; Guedes, 2016).
In addition to environmental impacts, the establishment of TKCSA has been associated
with social problems, including increased violence and pressure on public services (Lopes,
2013). Collectively, these transformations have contributed to habitat loss and increased
pollutant inputs, which likely affect local fish communities by reducing species diversity
and abundance.

Interviewees identified intensive fishing as a major driver of fish population declines.
In IGB, particularly in its insular sector, this decline appears to be more strongly associated
with large-scale industrial fishing operations. Previous studies suggest that industrial over-
fishing of Brazilian sardinella may negatively affect predator species, such as the Bluefish,
Serra Spanish mackerel, and King mackerel. Researches have also reported a decrease in
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Bigtooth corvina, attributed to shrimp trawling activities, despite this species being heavily
exploited by artisanal fisheries in both bays (Paz; Begossi, 1996). Addressing these impacts
requires strengthened oversight of industrial fishing activities, greater involvement of
traditional fishing communities in management processes, improved evaluation of fishing
licenses, and enhanced inspection of large-scale development projects in these regions.

Fishermen expressed concern over the disappearance or decline of Brazilian sardi-
nella and Rio anchovy Anchoa januaria (Steindachner, 1879), as well as other species such
as King mackerel, Serra Spanish mackerel, and Black drum. According to interviewees, the
reduction of these key food resources is largely attributed to industrial fishing practices,
which they believe disrupt fish availability and seasonal arrivals. Fishers also reported
decline in species such as Horse-eye jack and Bluefish. Official landings data corroborate
these perceptions, showing the Brazilian sardinella accounted for 77.8% of fish landing in
Rio de Janeiro in 2015 (47.204 tons), but declined to 36.1% in 2022 (FIPER] 2015, 2022).

Fishers with more than 31 years of experience reported declines in a substantially
higher number of species (97) than those with 15 years or less experience (19), like
reflecting longer temporal memory and exposure to past ecological conditions. Similar
patterns have been documented among fishing communities in Mexico (Sdenz-Arroyo
et al., 2005). Pauly and Murphy (1982) argued that observation periods of approximately
17 years are often insufficient to detect long-term ecological trends, a phenomenon later
conceptualized as the “shifting baseline syndrome” (Pauly, 1995), and subsequently ap-
plied to fishers “perception by Martins et al. (2018).

The average trophic level of fish catches has declined from 3.6 in previous decades
to 3.2 at present, based on species commonly caught by artisanal fishermen. This pat-
tern indicates a recent shift in trophic structure, with higher-trophic-level species being
progressively replaced by lower-trophic-level species. This finding supports the hypoth-
esis proposed by Pauly et al. (1998) of a global trend toward declining trophic levels in
fish catches over time, suggesting that fishing activities in the bays have exerted intense
ecological effects. Similar trends have been reported in marine ecosystems worldwide,
including the east and west coast of Canada, Chile, India, and the Adriatic Sea (Arancibia;
Neira, 2005; Bhathal; Pauly, 2008; Coll et al., 2010a; Pauly et al., 2001).

Consistent with these patterns, fishermen reported declines in top predators such
as Bluefish and King mackerel, alongside increases in mid- and low-trophic-level spe-
cies, including Whitemouth croaker and Lebranche mullet. This combination suggests
both selective overfishing of top predators (“fishing down”) and a broader shift toward
the dominance of lower-trophic-level species (“fishing through”), reflecting ecosystem
reorganization (Coll et al., 2010b; Essington; Beaudreau; Wiedenmann, 2006) Other in-
dicators, such as size at maturity and maximum body size, have also been used as markers
of overfishing (Mclean; Forrester, 2018). Although differences may exist between fishers’
local ecological knowledge (LEK) and scientific estimates, fishers’ routine observations
highlight the potential for collaborative monitoring approaches capable of generating
scientifically robust and socially meaningful assessments (Garcfa-Quijano; Valdés-Pizzini,

2015; Thornton; Scheer, 2012).
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Collaborative dialogue between scientific expertise and artisanal fishing commu-
nities is essential for establishing a standardized territorial management model (Santos,
2002). To ensure the effectiveness of such dialogue, several measures are crucial: (1)
explicitly addressing the specific characteristics of artisanal fisheries and fishing territories,
as recognized by Decree No. 6.040/2007 (Brasil, 2007a); and (2) formally recognizing
and including caigara and quilombola artisanal fishers in accordance with ILO Conven-
tion No. 169. During a public hearing, a representative of artisanal fishers emphasized
the urgent need for official recognition of fishing areas and protection against irregular
territorial occupation.

Diegues (2004) argues that the impoverishment and marginalization of traditional
populations can lead to the overexploitation of natural resources, driven by processes of
ecocultural disorganization. These processes, resulting from the expansion of capitalist
production systems, disrupt social-ecological relationships and generate severe environ-
mental degradation, which the author characterizes as an ecological crime against nature.

State oversight of industrial activities and industrial fishing vessels in these bays
remains insufficient. Fishers from IGB reported unequal treatment by environmental
agencies, which they perceive as favoring large enterprises over artisanal fisheries, often
at the expense of socio-environmental concerns. Authorities must strengthen supervision
to safeguard biodiversity, cultural heritage, and artisanal fishing livelihoods, as mandated
by national legislation (Brasil, 2007a). Effective enforcement of existing regulations is
essential, including the ban on trawling by vessels exceeding 10 tons within two nauti-
cal miles of the coast IBAMA Ordinance No. 43-N; Brasil, 1994), restrictions on the
capture of Whitemouth croaker by industrial trawlers in the Exclusive Economic Zone
(Ordinance No. 43/2007), and the prohibition of industrial fishing for Lebranche mullet
during the winter spawning period (Brasil, 2007b).

This study highlights the importance of specific fish species for the livelihoods
and cultural practices of artisanal fishermen. These commonly caught “key species” are
fundamental to sustaining traditional fishing practices and ways of life. Special attention
should also be given to species showing declining occurrence. The local ecological knowl-
edge (LEK) of artisanal fishermen revealed changes in fish community composition and
identified their underlying socio-environmental drivers. Therefore, this knowledge should
not only be recognized but actively incorporated into the development of conservation
and fisheries management strategies. Such actions can contribute to environmental pro-
tection while simultaneously promoting social justice for artisanal fishing communities.
Moreover, any public or private initiatives seeking to operate within traditional fishing
territories should prioritize and integrate this locally grounded knowledge.
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Perspectivas dos Pescadores Artesanais
sobre os Impactos Humanos na Ictiofauna
nas Baias do Sul do Rio de Janeiro

Claudio Nona Morado
Benjamin Carvalho Teixeira Pinto
Francisco Gerson Araujo

Resumo: O Conhecimento Ecolégico Local (CEL) dos pescadores é ~ Sao Paulo. Vol. 29, 2026
valioso para a conservagdo ambiental e gestdo pesqueira. O CEL dos  Artigo Original
pescadores em duas grandes bafas brasileiras foi utilizado para detectar

mudangas na abundancia de peixes e niveis tréficos, avaliando o impac-

to humano nas pescarias e investigando a hipStese de que ‘pesca reduz

redes tréficas marinhas’. Atualmente, as espécies mais capturadas sio a

corvina (Micropogonias furnieri) (61,5% das respostas dos pescadores),

tainha (Mugil liza) (29%) e robalo (Centropomus undecimalis) (20%).

Por outro lado, a sardinha-verdadeira (Sardinella brasiliensis) (17%),

anchova (Pomatomus saltatrix) (15%) e sororoca (Scomberomorus bra-

siliensis) (14%) experimentaram declinios significativos na abundan-

cia. Os principais fatores destas redugdes incluem a pesca industrial por

grandes arrastos (36%), polui¢do industrial (16%) e grandes projetos

(10%). A queda nos niveis tréficos dos peixes corrobora a hipdtese de

que pesca diminui redes tréficas. A supervisao das leis de pesca é cru-

cial para a sobrevivéncia dos pescadores artesanais, destacando a im-

portancia da diversidade cultural para a biodiversidade e a satide dos

ecossistemas.

Palavras-chave: Peixes costeiros; variagio temporal; acdes humanas;
conhecimento ecoldgico local; nivel tréfico; bafas tropicais.
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sobre los Impactos Humanos en la Ictiofauna
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Resumen: El Conocimiento Ecolégico Local (CEL) de los pescadores  Sao Paulo. Vol. 29, 2026
es crucial para la conservacién ambiental y gestién pesquera. Se usé el
CEL en dos bahias brasilefias para detectar cambios en la abundancia y
niveles tréficos de peces, evaluando el impacto de la pesca y la hipétesis
de que ‘pesca reduce las redes alimentarias’. Las especies mas captura-
das son la corvina (Micropogonias furnieri) (61,5% de las respuestas),
la lisa (Mugil liza) (29%) y el rébalo comiin (Centropomus undecima-
lis) (20%). En contraste, la sardina brasilefia (Sardinella brasiliensis)
(17%), el pez azul (Pomatomus saltatrix) (15%) y el carite (Scombero-
morus brasiliensis) (14%) tienen reducciones significativas. Los princi-
pales factores son la pesca industrial (36%), la contaminacién industrial
(16%) y proyectos a gran escala (10%). Las reducciones en los niveles
tréficos respaldan la hipétesis de que la pesca reduce las redes tréficas.
Es crucial supervisar las leyes para proteger a los pescadores artesanales,
destacando la importancia de la diversidad cultural para conservar la
biodiversidad y la salud de los ecosistemas.

Articulo Original

Palabras-clave: Peces costeros; variaciéon temporal; acciones humanas;
conocimiento ecolégico local; nivel tréfico; bahfas tropicales.
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