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Artisanal fishing along the coast of Pará (Eastern Amazon) plays a vital role in

generating local income and supplying fish to a broad consumer market. Small-

scale fisheries employ diverse strategies, with gillnets being the predominant and

most productive gear. Fishers are not homogeneous in their practices and can be

classified as specialists, focusing on particular fishing areas, target species, or

capture methods, or as generalists, displaying greater flexibility and sometimes

engaging in non-fishing activities. This study characterises the strategies of

small-scale artisanal fishers in the Eastern Amazon based on distinct fishing

profiles. To address the high heterogeneity of the regional artisanal fleet, the

analysis focused on a specific fleet segment defined by: (i) vessel size (8–10 m

length, storage capacity <5 tonnes), (ii) crew size (≤5 individuals), (iii) fishing gear

(gillnets), and (iv) trip duration (≤2 weeks). Data were derived from the Pará State

Fishing Landings Monitoring System, collected through questionnaires between

2008 and 2010. Fishing profiles were identified using principal component

analysis and hierarchical cluster analysis. Seven consistent profiles were

distinguished, targeting acoupa weakfish (pescada amarela), megrim

(pratiqueira), mullet (tainha), and multispecies assemblages. Additional profiles

were associated with serra Spanish mackerel (serra) and king weakfish (pescada

gó), recorded only in 2008 and 2010, and pacora weakfish (pescada curuca),

recorded exclusively in 2010. This work represents the first multivariate approach

to describe fishing profiles along the Eastern Amazon coast and provides novel

insights into the organisation and dynamics of artisanal fisheries in the region.
KEYWORDS

Eastern Brazilian Amazon, State of Pará, composition capture, artisanal fishing, gillnets,
fishing tactics, landing profile
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1 Introduction

The aim of this study is to characterise the strategies of small-scale

fishermen on the coast of Pará, Eastern Amazon, considering the

fishing profiles identified. We identified the fishing-landing profiles as

their composition concerning the fishing. Finally, we identify possible

strategies related to the landing points and their relationship with the

target species, with applied management purposes.

When done responsibly, fishing can contribute to the World

Health Organization’s (WHO) global targets to reduce malnutrition

by 2030 to fight hunger, ensure food security, and enhance

population nutrition through the Sustainable Development Goals

(UN-United Nations, 2025). Global fish consumption has been

rising by around 1.5% per year, according to data from the Food

and Agriculture Organization of the United Nations from 2020. As

of the end of 2019, each person consumed 20.5 kg of fish per year.

As a result, fish is now crucial to ensuring global food security

(FAO-Food and Agriculture Organization, 2020).

One of the main bases of food culture in the world is the

consumption of fish, a worldwide cultural habit, especially in North

Brazil. In Pará, consumption has always been above the national

average. While Brazilians consume 2.8 kg of fish per inhabitant,

Pará consumes 11.1 kg per inhabitant, 3.96 times more than the

national average. Moreover, since this is the main form of

consumption in the state, the fishing industry is following the

trend, featuring prominently on the national and international

markets (FAPESPA, 2024).

The production of artisanal/small-scale fisheries in Pará has a

strong multispecies characteristic, i.e., a single boat can catch and

land many different species, although the direction of production is

observed in which a few species account for the majority of the total

(Bentes et al., 2012; Lins et al., 2020; Barreto et al., 2023). The

artisanal fleet uses a variety of gear, with gillnets being widespread

on the Amazon coast and the most productive in Pará fishing,

accounting for 63% of the total landed production (Frédou and

Asano-Filho, 2006; Oliveira, 2020).

Gillnets, which are employed in small-scale fishing operations

(Bentes et al., 2012) using boat hold with a typical stock capacity of

less than 5.0 tonnes, and boats that range in length from 8 to 10 m

and come in a broad range of designs.

In addition, gillnet has a high degree of selectivity compared

with trawling, with reduced discarding in terms of both species and

fish size, depending on the mesh size (Deniz et al., 2020). On the

coast of Pará, there is a wide variety of gillnets suitable for catching

different species. From this differentiation come the nomenclatures

used regionally, which are well known in artisanal fishing and refer

mainly to the mesh openings and thickness of the twine, such as the

‘serreira’ net, with a mesh opening of 50 to 80 mm, used on the Pará

coast to catch sawfish—serra Spanish mackerel (Scomberomorus

brasiliensis); ‘tainheira’, with a mesh opening of 30 mm, used to

catch mullet (Mugil spp.); and the ‘gozeira’, used to catch king

weakfish (Macrodon ancylodon), with an opening of 35 to 40 mm

(Soares, 2017). In this way, fish types were categorised using the

common names that the fishermen gave as they landed; so, in the
Frontiers in Marine Science 02
case of Mugil, there was no accurate definition and verification for

identifying species of this genus.

However, the studies or analyses focus on one species or put all

together in a miscellaneous group or multispecific fisheries (Oliveira

et al., 2007). The analysis offishery with a multivariate approach has

already been carried out by Isaac et al. (1996) in the region of

Santarém-PA in 1993, and by Oliveira et al. (2007) with a univariate

and multivariate approach to fishing in the Amazon estuary.

In Marajó Bay (Oliveira and Frédou, 2011) and Salgado Pará

(Paz et al., 2011), multivariate analyses of fishing have already been

carried out; nonetheless, a new method that uses the information

gathered in the daily sale bill is proposed to predict the fishing

profiles used in a single fishing trip (Pelletier and Ferraris, 2000).

In general, fishermen do not have homogeneous practices and

can differ substantially in the way they operate. They can be defined

as specialists when they concentrate on a particular area, target

species or method of capture, and generalists, when they are more

flexible in the characteristics of the fishery and even carry out

activities not related to fishing (Salas and Gaertner, 2004; Boonstra

and Hentati-Sundberg, 2016).

Understanding the behaviour of fishermen through the

aggregate behaviour of fishing fleets over the long term is a key

ingredient for successful fisheries management (Hilborn, 2007).

In this way, this is the first research to use a multivariate

technique to describe small-scale fishery profiles along the Eastern

Amazon coast.
2 Materials and methods

2.1 Study area and data collection

The Brazilian Amazon coast or North Coast is located between

Cape Orange (Amapá, 51° W) and Ponta do Tubarão (Maranhão,

43° W), with an approximate linear extension of 2,250 km, cut out

by estuaries, characterised by indentations and coastal islands. This

wide estuary is made up of several river channels with varying

salinities, small internal estuaries, and islands of different lengths

(Cintra and Oliveira, 2014).

In Pará, the coastal zone is between the municipalities of Afuá,

on the border with Amapá, and Viseu, on the border with

Maranhão (Barthem et al., 2024), and is made up of 40

municipalities according to the classification of Federal Law No.

7.661/88, Decree No. 5.300/2004 (Espıŕito Santo, 2011).

These estuarine dynamics have a considerable impact on the

region’s fishing activity. The entry of nutrients into the system

contributes to primary productivity by structuring the food web in

these regions (Wolff et al., 2000).

In the coastal region of Pará, the region’s municipalities have a

historic vocation for fishing, accounting for a large portion of the

state’s fishing production (Furtado, 1990; Paula, 2018).

The fishing areas to be assessed in this study are those exploited

by the fishing fleets of the municipalities of São Caetano de

Odivelas, Maracanã, Marapanim, Curuçá, São João de Pirabas,
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and Viseu, whose landings records were made available for

this study.

The set of information made available for this study was the

database of the Pará State Fishing Landings Monitoring System

Project, organised by the Secretariat of Fisheries and Aquaculture

(former SEPAq/PA - Secretaria de Estado de Pesca e Aquicultura)

and the Brazilian Republic Ministry of Fisheries and Aquaculture,

intending to quantify the total amount of fish landed in the state of

Pará, taking into account the areas, fishing gear, and types of vessels.

The monitoring was carried out on a continuous census basis

between February 2008 and December 2010 in coastal harbours

in the state of Pará, whose landings came mainly from the small-

scale artisanal fleet. The number of interviews in each city

corresponds to the number of landings (see Results section

below). Of the 11 municipalities monitored by the project, only

six had more complete information on the vessels selected for this

study: Curuçá (with four ports of landing), São Caetano de Odivelas

(three ports), Marapanim (four ports), Maracanã (four ports), São

João de Pirabas (three ports), and Viseu (two ports) (Figure 1).

During the landing control survey (Supplementary Material 1),

the owners or masters of the vessels were asked for information on the

area fished, production (kg) per species, the vessel’s port of origin, the

type and name of the vessel, the number of days fished, the catch

location, the fishing gear used, the number offishermen, expenses, and

the first sale price. The information collected was organised per

landings and entered into a relational database in Access forWindows.
Frontiers in Marine Science 03
For this study, we considered small-scale fisheries that used

gillnets, defined as fishing carried out by vessels between 8 and 10 m

in length, with a wide variety of shapes, and boat hold capable of

stocking less than 5 tonnes. To minimise possible typing, data

collection, or data reporting errors, and to eliminate situations that

differ from a standard fishing trip in this category, we filtered out

trips lasting more than 5 days and carrying more than 13 people on

board. This filter follows the definitions for small-scale fishing on

the Amazon coast assessed by Bentes et al. (2012), in which the

groups considered in this category made trips of up to 5 days and

occupying 4 to 12 fishermen. The analyses were therefore carried

out on 99% of the small boat category.
2.2 Methods and analysis

We used the landed weight data (kg) for each fish type recorded

per trip. Fish types were classified according to the common names

provided by the fishers at the time of landing, and these

classifications are hereafter referred to as ‘types of fish’. Analyses

were based on these types of fish rather than the scientific names of

the species since common names can include more than one species

(Supplementary Material 2).

The input data matrix consists of trips/landings as the

individuals and the catch per types of fish as the variables. No

zero catches were used.
FIGURE 1

Area of the Amazon coast where the fisheries occur and the harbour where the data were collected during the period 2008–2010 in the Secretariat
of Fisheries and Aquaculture (former SEPAq/PA) project in the state of Pará, Brazil.
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The groupings were based on fishing-landing profiles, which

consist of grouping landings with similar fishing patterns in terms

of the composition and quantity of fish caught. In addition, the

relative composition of types of fish was verified to determine the

fishing profiles of these fisheries, and the most important types were

selected using three selection criteria:
Fron
i) The first criterion considered the entire database and selected

the types of fish that exceeded 95% of the total catch by

landed weight, based on the fitted simple exponential model

from the Food and Agriculture Organisation (Garcia and

Newton, 1995).

ii) The second criterion considered each landing event

individually and selected those with exclusive catches, i.e.,

when 100% of the weight landed on a trip was just one type

of fish.

iii) The third criterion applied a hierarchical agglomerative

clustering (HAC) analysis to group species based on their

catch proportions. First, the average catch proportion for

each type of fish was calculated. Types with the lowest

average proportions were grouped together, and some not

in this low-catch group were retained for further analysis.

For each landing, the proportion of each fish type in the
tiers in Marine Science 04
catch was then determined. HAC was performed using

Euclidean distance to measure dissimilarities and Ward’s

agglomeration method to minimise within-group variance.

The optimal number of clusters was determined using a

first-order scree test, selecting the position of the first value

less than zero in the vector obtained from the second

derivative of the dendrogram’s node heights. All analyses

were conducted in R version 4.0.1 using the amap package

(Lucas, 2024) and the SOAR package (Venables and Brahm,

2013) (The R Foundation, 2025).
From the three methods carried out, the main species selected

were those that met the criteria in total, by landing event and those

selected by the HAC method.

The multivariate approach was used to identify the groups of

landing profiles, which consisted of two stages: first principal

component analysis (PCA) and then hierarchical agglomerative

clustering (HAC) (Cambiè et al., 2017; Parsa et al., 2020).

Principal component analysis (PCA) was applied to the matrix

generated with the proportion of catch per landing, considering the

types of fish selected according to the methods described above, in

order to reduce the dimensionality of the data to a number of axes

that represent 70% of the variation in the data. A matrix was then
FIGURE 2

Results of the principal component analysis (PCA) using the matrix of landings per trip of 28 main types of fish landed in 2008 in the Curuçá,
Maracanã, Marapanim, São Caetano de Odivelas, São João de Pirabas, and Viseu municipalities, Pará, Northern Brazil.
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obtained comprising the values of each dimension selected by this

criterion as descriptors and the corresponding landings as rows.

The analyses were carried out in the R statistical software (version

4.0.1) using the FactoMineR (Husson et al., 2024) and gridExtra

packages (The R Foundation, 2025). Once the dimensions of the

data had been reduced, agglomerative methods were applied to

determine the appropriate number of fishing profiles, which are

homogeneous groups in terms of species composition based on the

landing data. This clustering method was used to determine landing

profiles, with the Euclidean distance criteria and Ward’s

agglomerative method mentioned for selecting the main species

(Pelletier and Ferraris, 2000). In order to determine the number of

retained axes, the cutoff level of the dendrogram was determined by

the third-order scree test, which took the position of the third value

less than zero obtained from the vector of the second derivative of

the height values in the dendrogram generated by HAC.

For each cluster, the average of each dimension, the size of each

cluster and the total variance between and within clusters were

determined. The size of each cluster was equal to the number of

landings that formed it. In this way, each cluster represented a

landing profile, understood as the proportion of the average catch of

each type of fish. The analyses were carried out in the R statistical
Frontiers in Marine Science 05
software (version 4.0.1) using the lattice and amap packages (Lucas,

2024; The R Foundation, 2025).
3 Results

The principal component analysis considered 12 main axes

relevant for analysis, which explain ≈ 70% of the variance of the 47

types of fish landed in the data matrix (Supplementary Material 3).

The types of fish selected according to the criteria described in the

methodology are listed in Figure 2 (year 2008), Figure 3 (2009), and

Figure 4 (2010), which show these categories dispersed on the first

four axes.

The grouping analyses with the main components made it

possible to identify fishing-landing patterns and classify the trips

into different fishing profiles for each year analysed, making it

possible to identify the target species and name each profile

according to the most representative type of fish by weight. The

target species are not known directly from the data, as only catch

information is available (Table 1). The PRAT (megrim -

pratiqueira) and PAMA (acoupa weakfish - pescada amarela)

fishing profiles were predominant during the period analysed,
FIGURE 3

Results of the principal component analysis (PCA) using the matrix of landings per trip of 28 main types of fish landed in 2009 in the Curuçá,
Maracanã, Marapanim, São Caetano de Odivelas, São João de Pirabas, and Viseu municipalities, Pará, Northern Brazil.
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with the highest percentage of catches of megrim and acoupa

weakfish, respectively. Profiles considered to be multispecies, with

a greater richness of fish types and low catch percentages, also

occurred every year, with differences in the composition of fish

types and the proportion of fish caught [Figure 5 (year 2008), 6

(2009), 7 (2010)].

Six profiles were found for 2008: PRAT, PGO (king weakfish—

pescada go)́, PAMA, SER (serra Spanish mackerel—serra), MIST

(multispecies), and TAI (mullet—tainha). PRAT and PGO fishing

profiles had catches of more than 70% and were therefore considered

target species (Figure 5). PGO, with 298 landings, also consists

mainly of gafftopsail sea catfish (bandeirado) and green weakfish

(corvina/pescada-Amazon̂ica). The 678 landings of the PRAT profile

were accompanied in smaller proportions by other pelagic fish such

as king weakfish, green weakfish, and mullet. PAMA (n= 621) is a

profile with a well-defined target species and specialises in catching

acoupa weakfish, with 96% of its catch accompanied by green

weakfish. The SER profile (n= 141) shows the occurrence of

crucifix sea catfish (uritinga), elasmobranchs (sharks/rays—cação),

gafftopsail sea catfish, and skipjack tuna (bonito), with a catch

percentage of around 10%. Despite this, it can be inferred that the

fishing of serra Spanish mackerel was targeted this year, with 30.8%
Frontiers in Marine Science 06
of the proportion and 89.4% of the landings. The MIST (n= 672) and

TAI (n=713) profiles show multispecies characteristics with low

catch percentages and the occurrence of various types of fish. Mullet

had the highest catch percentage in the TAI profile at 21.3%, with the

presence of all the selected types offish. In the MIST profile, all types

of fish occur, except skipjack tuna, with a low percentage of catches,

predominantly acoupa weakfish, crucifix sea catfish, green weakfish,

gillbacker sea catfish (gurijuba), crevalle jack (xareú), and goliath

catfish (dourada) (Figure 5).

In 2009, the PAMA profile (n=870) was unchanged in terms of

the composition of the types of fish, with 95% acoupa weakfish

accompanied by green weakfish. PRAT (n=642) occurred again,

with 85% of the production being exploited with mullet, green

weakfish, king weakfish, and gafftopsail sea catfish. In the TAI

profile (n=766), mullet accounted for 90% of production, along with

laulao catfish (piramutaba), Atlantic bonito (sarda), and serra

Spanish mackerel. The highest number of landings was grouped

in the MIST profile (n=3,113), where all types of fish are caught at

the same time, with a low percentage of catches (Figure 6) and a

change in the proportion of types of fish was observed, with acoupa

weakfish, green weakfish, goliath catfish, and king weakfish being

the most representative.
FIGURE 4

Results of the principal component analysis (PCA) using the matrix of landings per trip of 28 main types of fish landed in 2010 in the Curuçá,
Maracanã, Marapanim, São Caetano de Odivelas, São João de Pirabas, and Viseu municipalities, Pará, Northern Brazil.
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Seven fishing profiles were found for 2010, in which the pattern

of the PAMA, PRAT and TAI groups was again observed. PAMA

(n=1,098) saw a change in the proportion of acoupa weakfish

caught to 89%, accompanied by catfish and crevalle jack, as well

as green weakfish. PRAT (n=437) became a profile with an almost

exclusive catch of megrim with 98% of the landings. TAI (n=268)

maintained its relative abundance of 90% of landings, accompanied

by king weakfish, megrim, and Atlantic bonito. The profile known

as PESC (n=302) was made up of 52% acoupa weakfish,

accompanied by crevalle jack, gillbacker sea catfish, and green

weakfish. PGO (n=651) mainly targets king weakfish (32%),

catfish (16%), mullet (15%), and megrim (13.5%). The SER

profile (n=533) is grouped again, with differences in its

composition. This profile targets serra Spanish mackerel in 25%

of the catch, whereas wingfin anchovy (timbiro), gafftopsail sea

catfish, green weakfish, crucifix sea catfish, and mullet are also

exploited. The MIST profile (n=693) maintained the pattern of low

catch percentages and is made up of all types of fish, except skipjack

tuna and pompano (canguira), with greater relevance of megrim,

green weakfish, and crucifix sea catfish (Figure 7).

Between 2008 and 2010, in fisheries categorised as small-scale,

using gillnets, fishing landings were catalogued—which are directly

related to the number of interviews carried out—with 4,819
Frontiers in Marine Science 07
landings interviewed for the Curuçá municipality, 3,316 in São

Caetano de Odivelas, 778 in Maracanã, 1,517 in Marapanim, 662 in

São João de Pirabas, and 1,434 landings catalogued in Viseu.

Our findings revealed that considering all six cities studied

between 2008 and 2010, the MIST profile predominated (38%),

followed by the PAMA profile (19%), and the PRAT profile (16%),

whereas the other ones totalled 27% (Figure 8). With regard to the

distribution of profiles between municipalities, 49% of fishing

profiles in Curuçá were grouped under MIST, followed by 18%

under PAMA and 15% under PRAT. In Maracanã, 66% of the

fishing profiles were grouped under MIST, 15% under PGO, and 8%

under SER. In Marapanim, fishing for the PRAT profile stands out

with 30% of the groupings, followed by MIST with 29% and PGO

with 17%. In São Caetano de Odivelas, there was a predominance of

the PAMA profile, with 46% of the landings registered, followed by

the TAI profile, with 29% of landings, and MIST with 17%. In São

João de Pirabas, there was a predominance of PRAT with 46% of

landings targeting this profile, and MIST and SER with 33% and

16% of landings, respectively. Landings in Viseu were dominated by

the MIST profile with 54%; the PRAT profile accounted for 22% of

landings and the PGO for 19%.

Each group described is made up of the Fishing Profile variable

included in the input matrix for identifying tactics. In the absence of
TABLE 1 Fishing profiles for the years 2008, 2009, and 2010. The acronyms represent the predominant fish in the landings; n is the number of
landings analysed and the types of fish caught.

Year Landing profile N Types of target fish Main target fish

2008

MIST 672 All of fishing profile types Multispecies

TAI 713 TAI, SAR, PBR, BND Mullet

SER 141
SER, UTG, CAC, BND,
BOM,

Spanish mackerel

PRAT 678 PRAT, PGO, COR, TAI, Megrim

PAMA 621 PAMA, COR Acoupa weakfish

PGO 298 PGO, BND, COR King weakfish

2009

PRAT 642
PRAT, TAI, COR, PGO,
BND

Megrim

MIST 3113 All of fishing profile types Multispecies

TAI 766 TAI, PTB, SER Mullet

PAMA 870 PAMA, COR Acoupa weakfish

2010

PGO 651 PGO, BGR, TAI, PRAT King weakfish

SER 533
SER, TMB, BND, COR,
UTG, TAI

Spanish mackerel

MIST 693 All of fishing profile types Multispecies

PAMA 1098 PAMA, COR, BGR, XAR Acoupa weakfish

PRAT 467 PRAT Megrim

PESC 302 PAMA, XAR, GUR, COR
Acoupa weakfish, green
weakfish

TAI 268 TAI, PGO, PRAT, SAR Mullet
In bold: the target fish of the landing profile.
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specific interviews to typify fisheries, the catch profiles provide

information on the target species of the group under study.
4 Discussion

Gillnet fishing is a passive method that is used all over the world

for small canoes and also in large-scale fisheries (Lyle and Tracey,

2016). Studies indicate that fisheries using gillnets are multispecies;

however, Fernandes et al. (2009) studying fisheries in the central

Amazon already indicate two main categories of use of gillnets, one

with a mesh smaller than 80 mm for small and medium-sized

migratory characiforms (ray-finned fish) and gillnets with a mesh

larger than 80 mm for larger species and specimens.

In the estuary, we find two well-defined profiles, focusing on

PRAT (megrim) and PAMA (acoupa weakfish) predominant during

all the periods analysed. The species of PRAT represent one of the

main commercial fishing resources in temperate and tropical regions

of the world (Diniz et al., 2020), Pará is no different, with fishermen

specialising in catching this group. The PAMA fishery is one of the

most important along the Amazon estuary, using small and medium-

sized artisanal boats, gillnets up to 4,800 m long and mesh sizes

ranging from 180 to 200 mm (between opposite knots) (Haimovici

et al., 2014). In Maranhão, for example, gillnets are called ‘pescadeira’

(aimed at acoupa weakfish) (Matos and Lucena, 2006). In this study,
Frontiers in Marine Science 08
the results showed a very distinctive group operating over the 3 years

analysed, specialising in catching PAMA.

In addition to the above profiles, PGO (king weakfish), SER

(serra), TAI (mullet), and MIST (multispecies) occurred in

alternating years and were not frequent over the 3 years analysed.

Lelis et al. (2025) studied king weakfish fishing (Macrodon

ancylodon) and found it to be the main target species in the

municipalities of Maracanã, Bragança, and Marapanim, reaching

catches of 11,842 kg in 2019. The profile of the fishermen who serra

fish has already been characterised (Haimovici et al., 2014), and

notes such as the distribution of the Bragança serra fleet’s fishing

trips by fishing ground indicate an evolution in the localisation of

fishing grounds from areas close to ports, in 2000, to the state of

Maranhão, first, and finally to the state of Amapá. This alternative

has only proved viable for larger vessels, since for small ones the

operating costs of fishing off the coast of Amapá consume 72% of

the revenue from trips, whereas those made to Pará and Maranhão

accounted for only 20%–26% (Espıŕito Santo, 2012). In this case, the

profile studied here targets the small vessels that do not need to

travel far because of operating costs.

The fisheries analysed showed two types of fishermen’s tactics,

the generalists who carry out their fishing in less time and have high

flexibility, lack of specialised technologies, and lower costs. In this

case, the MIST (multispecies) profile characterises this fisherman

who lands small quantities of many species. Specialist fishermen, on
FIGURE 5

Results of the landing profiles from the landings assessed in 2008 in the Curuçá, Maracanã, Marapanim, São Caetano de Odivelas, São João de Pirabas, and
Viseu municipalities, Pará, Northern Brazil.
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the other hand, carry out the fishery over a longer period and have

low flexibility, more specialised technology, and higher costs. The

profiles PAMA (acoupa weakfish), PRAT (megrim), PGO (king

weakfish), SER (serra), and TAI (mullet), in other words, even when

using more generalist gear, the catch profile is well-characterised.

This information is important because studies usually

investigate fishing focussed on one species and covering various

sizes of boats. Often, the management measures triggered by these

studies establish management objectives without observing the

peculiarities of each type of fishing, especially small-scale fishing.

Because the estuary Amazon fisheries have such varied

characteristics, studies aimed at characterising artisanal fishing

are of fundamental importance to support more appropriate

strategies for monitoring and managing the resource.

Bentes et al. (2012) studied fishing production systems on the

Amazon coast grouping vessels into large-scale and small-scale

boats and found seven groups linked to small-scale artisanal fishing

on the coast of Pará. These groups differ in terms of the target

species, the gear used, and the fishing location associated with

economic, social, and political factors.

Our results found six catch profiles, analysing an extract of

fishing landings that used gillnets and small-scale nets, defined as

fishing carried out by vessels large scale (Bentes et al., 2012). The

focus of our results was to detect the fishermen’s tactics concerning

the species fished, which can be used in the future to related to the

fishing areas exploited, the times of year when fishing takes place,

and the economic conditions of fishermen.
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Studies in this area are important for drawing up policies for the

sector, and it is fundamental to understand fishing strategies, which

are related to the limitations and aspirations offishermen, taking into

account human and social aspects and the cultural and economic

context (Salas and Gaertner, 2004). The more immediate, short-term

decisions that can change with each trip, such as deciding where,

when, and what to fish, are defined as tactical.

Fishermen develop their tactics as adaptive responses to

changes in the abundance of the resource, environmental

conditions, and market or regulatory restrictions (legislation).

Economic maximisation is the basis for individual fishermen’s

decisions, but it does not explain the behaviour of all fishermen

and can be applied more appropriately to industrial fleets than to

small-scale fishermen. Other stimuli should be considered when

assessing fishing dynamics (Salas and Gaertner, 2004).

Fishermen have historically been flexible and adaptable in their

tactics, partly because they are constantly subject to changes in

climate, fish prices, and access to resources. When these changes are

drastic, fishermen seek to increase their fishing efforts, change target

species, or look for new locations to maintain their fishing activity

(Salas and Gaertner, 2004). This usually occurs over the long term

(from year to year) and has been considered a strategy used by

fishermen when trying to reduce catch uncertainty (Christensen

and Raakjær, 2006). Analyses of changes in fishing tactics and

strategies require more data to generate a historical profile of

changes in the fleet, but the rare availability of this set of data for

artisanal commercial fisheries in Pará fragment analyses, making it
FIGURE 6

Results of the landing profiles from the landings assessed in 2009 based on the identified capture profiles.
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FIGURE 7

Results of the landing profiles from the landings assessed in 2010 based on the identified capture profiles.
FIGURE 8

Percentage of landing profiles analysed between 2008 and 2010 based on the identified capture profiles.
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difficult to get a holistic view of the fleet’s entry, permanence, or exit

from a type of fishery.

The availability of species on the northern coast of Brazil is

influenced by hydrological regimes, which directly affect the

composition and abundance of marine communities throughout

the year, as already evidenced by Oliveira et al. (2007) and Souza

et al. (2009). It is important to emphasise that this approach is initial

and requires a more in-depth analysis of seasonality, considering that

seasonal variations in rainfall, river flows, and coastal currents can

have a significant impact on fishing profile patterns throughout the

year. Future studies should deepen this spatial-temporal dimension

in order to provide a more comprehensive understanding of the

factors that regulate the fishing profiles of the small-scale fisheries

that occur in the region.

In addition, future research should include the characterisation

of fishermen in social and economic terms, as a way of valuing and

gaining a deeper understanding of these important actors in the

global production chain (Garcia-de-la-Fuente, 2020; Oti et al., 2024;

Taiwo O et al., 2025).
5 Conclusion

This represents the first study of a multivariate approach to

characterise fishing profiles on the Eastern Amazon coast. In this way,

we have identified seven consistent profiles that were used by

fishermen, in which the most representative profiles were acoupa

weakfish (pescada amarela—P.PAMA), megrim (pratiqueira—

P.PRAT), mullet (tainha—P.TAI), and multispecies (P.MIST)

profiles. Serra Spanish mackerel (serra—P.SER) and king weakfish

(pescada go—́P.PGO) profiles were only listed in 2008 and 2010, and

pacora (pescada curuca—P.PESC) only in 2010. The results revealed

that in all six cities studied between 2008 and 2010, the MIST profile

predominated with 38% of the total. In this way, this multivariate

approach therefore proved to be effective and targeted for analysing

fishing profiles, which can serve as a parameter for future

characterisation studies. In addition, this study may introduce

further research, e.g., integrating with taxonomy (including

morphoanatomical and molecular account), socioeconomic data, or

long-term dynamics, besides public policies addressed at monitoring

fishing in the Eastern Amazon, strengthening this methodology,

which can also be used in other parts of the world.
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for data set acquisition.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
frontiersin.org

https://doi.org/10.3389/fmars.2025.1606295
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Carneiro et al. 10.3389/fmars.2025.1606295
Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible. If

you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Frontiers in Marine Science 12
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fmars.2025.

1606295/full#supplementary-material

SUPPLEMENTARY MATERIAL 1

Landing fisheries formulary applied to collect the data during the period

2008–2010 in the Secretariat of Fisheries and Aquaculture (former SEPAq/PA)
project in the state of Pará, Northern Brazil.
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