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Artisanal �shing along the coast of Pará (Eastern Amazon) plays a vital role in
generating local income and supplying �sh to a broad consumer market. Small-
scale �sheries employ diverse strategies, with gillnets being the predominant and
most productive gear. Fishers are not homogeneous in their practices and can be
classi�ed as specialists, focusing on particular �shing areas, target species, or
capture methods, or as generalists, displaying greater �exibility and sometimes
engaging in non-�shing activities. This study characterises the strategies of
small-scale artisanal �shers in the Eastern Amazon based on distinct �shing
pro�les. To address the high heterogeneity of the regional artisanal �eet, the
analysis focused on a speci�c �eet segment de�ned by: (i) vessel size (8–10 m
length, storage capacity <5 tonnes), (ii) crew size (� 5 individuals), (iii) �shing 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 pro�les were identi�ed using principal component
analysis and hierarchical cluster analysis. Seven consistent pro�les were
distinguished, targeting acoupa weak�sh (pescada amarela), megrim
(pratiqueira ), mullet (tainha), and multispecies assemblages. Additional pro�les
were associated with serra Spanish mackerel (serra) and king weak�sh (pescada
gó), recorded only in 2008 and 2010, and pacora weak�sh (pescada curuca),
recorded exclusively in 2010. This work represents the �rst multivariate approach
to describe �shing pro�les along the Eastern Amazon coast and provides novel
insights into the organisation and dynamics of artisanal �sheries in the region.
KEYWORDS

Eastern Brazilian Amazon, State of Pará, composition capture, artisanal � shing, gillnets,
� shing tactics, landing pro� le
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1 Introduction

The aim of this study is to characterise the strategies of small-scale
�shermen on the coast of Para�, Eastern Amazon, considering the
�shing pro�les identi�ed. We identi�ed the �shing-landing pro�les as
their composition concerning the �shing. Finally, we identify possible
strategies related to the landing points and their relationship with the
target species, with applied management purposes.

When done responsibly, �shing can contribute to the World
Health Organization’s (WHO) global targets to reduce malnutrition
by 2030 to �ght hunger, ensure food security, and enhance
population nutrition through the Sustainable Development Goals
(UN-United Nations, 2025). Global �sh 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 �sh per year.
As a result, �sh 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 �sh, a worldwide cultural habit, especially in North
Brazil. In Para�, consumption has always been above the national
average. While Brazilians consume 2.8 kg of �sh per inhabitant,
Para� 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 �shing industry is following the
trend, featuring prominently on the national and international
markets (FAPESPA, 2024).

The production of artisanal/small-scale �sheries in Para� 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 �eet uses a variety of gear, with gillnets being widespread
on the Amazon coast and the most productive in Para� �shing,
accounting for 63% of the total landed production (Fre�dou and
Asano-Filho, 2006; Oliveira, 2020).

Gillnets, which are employed in small-scale �shing 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
�sh size, depending on the mesh size (Deniz et al., 2020). On the
coast of Para�, 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 �shing 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 Para�
coast to catch saw�sh—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
weak�sh (Macrodon ancylodon), with an opening of 35 to 40 mm
(Soares, 2017). In this way, �sh types were categorised using the
common names that the �shermen gave as they landed; so, in the
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case of Mugil, there was no accurate de�nition and veri�cation for
identifying species of this genus.

However, the studies or analyses focus on one species or put all
together in a miscellaneous group or multispeci�c �sheries (Oliveira
et al., 2007). The analysis of �shery with a multivariate approach has
already been carried out by Isaac et al. (1996) in the region of
Santare�m-PA in 1993, and by Oliveira et al. (2007) with a univariate
and multivariate approach to �shing in the Amazon estuary.

In Marajo� Bay (Oliveira and Fre�dou, 2011) and Salgado Para�
(Paz et al., 2011), multivariate analyses of �shing have already been
carried out; nonetheless, a new method that uses the information
gathered in the daily sale bill is proposed to predict the �shing
pro�les used in a single �shing trip (Pelletier and Ferraris, 2000).

In general, �shermen do not have homogeneous practices and
can differ substantially in the way they operate. They can be de�ned
as specialists when they concentrate on a particular area, target
species or method of capture, and generalists, when they are more
�exible in the characteristics of the �shery and even carry out
activities not related to �shing (Salas and Gaertner, 2004; Boonstra
and Hentati-Sundberg, 2016).

Understanding the behaviour of �shermen through the
aggregate behaviour of �shing �eets over the long term is a key
ingredient for successful �sheries management (Hilborn, 2007).

In this way, this is the �rst research to use a multivariate
technique to describe small-scale �shery pro�les 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 (Amapa�, 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 Para�, the coastal zone is between the municipalities of Afua�,
on the border with Amapa�, and Viseu, on the border with
Maranhão (Barthem et al., 2024), and is made up of 40
municipalities according to the classi�cation of Federal Law No.
7.661/88, Decree No. 5.300/2004 (Espõ�rito Santo, 2011).

These estuarine dynamics have a considerable impact on the
region’s �shing 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 Para�, the region’s municipalities have a
historic vocation for �shing, accounting for a large portion of the
state’s �shing production (Furtado, 1990; Paula, 2018).

The �shing areas to be assessed in this study are those exploited
by the �shing �eets of the municipalities of São Caetano de
Odivelas, Maracanã, Marapanim, Curuc�a�, 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 Para� 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 �sh landed in the state of
Para�, taking into account the areas, �shing 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 Para�, whose landings came mainly from the small-
scale artisanal �eet. 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: Curuc�a�(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 �shed, production (kg) per species, the vessel’s port of origin, the
type and name of the vessel, the number of days �shed, the catch
location, the �shing gear used, the number of�shermen, expenses, and
the �rst sale price. The information collected was organised per
landings and entered into a relational database in Access for Windows.
Frontiers in Marine Science 03
For this study, we considered small-scale �sheries that used
gillnets, de�ned as �shing 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 �shing trip in this category, we �ltered out
trips lasting more than 5 days and carrying more than 13 people on
board. This �lter follows the de�nitions for small-scale �shing 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 �shermen. 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 �sh type recorded
per trip. Fish types were classi�ed according to the common names
provided by the �shers at the time of landing, and these
classi�cations are hereafter referred to as ‘types of �sh’. Analyses
were based on these types of �sh rather than the scienti�c 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 �sh as the variables. No
zero catches were used.
FIGURE 1

Area of the Amazon coast where the �sheries 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 Para�, Brazil.
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The groupings were based on �shing-landing pro�les, which
consist of grouping landings with similar �shing patterns in terms
of the composition and quantity of �sh caught. In addition, the
relative composition of types of �sh was veri�ed to determine the
�shing pro�les of these �sheries, and the most important types were
selected using three selection criteria:
Fron
i) The �rst criterion considered the entire database and selected
the types of �sh that exceeded 95% of the total catch by
landed weight, based on the �tted 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 �sh.

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 �sh 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 �sh 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
�rst-order scree test, selecting the position of the �rst 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 pro�les, which consisted of two stages: �rst 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 �sh 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 �sh landed in 2008 in the Curuc�a�,
Maracanã, Marapanim, São Caetano de Odivelas, São João de Pirabas, and Viseu municipalities, Para�, 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 �shing pro�les, which are
homogeneous groups in terms of species composition based on the
landing data. This clustering method was used to determine landing
pro�les, 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 pro�le, understood as the proportion of the average catch of
each type of �sh. 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 �sh landed in the data matrix (Supplementary Material 3).
The types of �sh 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 �rst
four axes.

The grouping analyses with the main components made it
possible to identify �shing-landing patterns and classify the trips
into different �shing pro�les for each year analysed, making it
possible to identify the target species and name each pro�le
according to the most representative type of �sh 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 weak�sh - pescada amarela)
�shing pro�les 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 �sh landed in 2009 in the Curuc�a�,
Maracanã, Marapanim, São Caetano de Odivelas, São João de Pirabas, and Viseu municipalities, Para�, Northern Brazil.
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