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Studies on the production of Pimelodidae catfish in the Amazon are generally carried out in large fishing centers. However, the
data referring to small-scale fisheries have gaps that can represent a risk to the activity. This study evaluated the volume produced
and the revenue obtained from migratory catfish of the Pimelodidae family of commercial interest landed in Humaitd, Amazonas,
Brazil, from May 2018 to April 2019. Daily monitoring was carried out with the Z-31 Fishermen’s Colony through questionnaires
to fishermen for each vessel docked. The total production was 6013.93 kg, with 1,689 fish counted and 13 species. A total of 186
landings by 122 fishermen in 24 fishing sites characterized as rivers, lakes, and “igarapés” were evaluated. The average selling price
was R$5.57/kg, and the highest volumes were obtained from July to September, mainly with gillnets, where the “Surubim”
Pseudoplatystoma punticfer had the highest volume and revenue. Low productivity was verified in most localities, characterizing
the fishing as artisanal. The lack of adequate conditions for storing and transporting fish, the local hydrological variations, and the
presence of hydroelectric plants on the Madeira River are major factors limiting the fishing expansion in southern Amazonas.

1. Introduction

Due to the richness of species found in the Amazon region,
the fishing activity stands out compared to other neotropical
regions, whether by the number of explored species or the
dependence of riverine communities and urban populations
on the activity [1]. However, according to the Food and
Agriculture Organization of the United Nations (FAO),
much of the data from artisanal/small-scale fisheries is still
unknown [2].

Amazonian fish species adapt to seasonal changes in the
environments they occupy. Therefore, knowing these
changes is fundamental to understanding the abundance

and composition of fish resources and, consequently, de-
fining assertive management policies [3-6].

The ecological function of the Siluriform order, more
specifically from the Pimelodidae family, and their inter- or
intraspecific interactions are fundamental for environmental
balance [7-9]. Also known as “catfish,” they are responsible
for dispersing seeds throughout the basin through zoochory,
evidencing the important ecological role played by aquatic
biota when using the flooded forests as habitat and source of
food [10-13].

During the upstream journey of migratory catfish
(flooding season), while recruiting for reproduction, some
species are a target of intense fishing, characterizing a period
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known as “piracema.” During this period, which usually
extends from July to November [14, 15], the percentage of
captures increases in some regions of the Madeira River
basin. However, the beginning of the migration comprises
the months of November, December, and January, with the
spawning season usually occurring during the flood period
(which comprises the months of February, March, and
April) and adapting to each region’s hydrological cycles [16].

The fishing activity developed in the middle Madeira
River sub-basin presents small-scale/artisanal characteristics
due to the use of simple fishing gear, short fishing trips of low
catch, and multispecific captures [17, 18]. From 2001 to 2017,
an estimated average of 213 tons of fish/year was captured in
the municipality of Humaita, but these numbers, especially
in the lower portion of the Madeira River, have continually
decreased over the years [19, 20]. Some authors attribute this
decrease in catch to demographic expansion and higher
demand for fish [21], while others attribute it to the con-
struction of hydropower dams [20].

Given the sizes that some Pimelodidae species can reach,
they have excellent market acceptance. Also known as “large
migratory catfish,” some species, such as the Pseudoplatys-
toma punticfer, P. tigrinum, Brachyplatystoma rousseauxii,
and B. filamentosum, figure as one of the most important
commercial freshwater fish species in South America
[10, 22, 23]. This good market acceptance, consequently,
generates pressure over the exploration of some species of
this family, explaining part of the decreases in catch ob-
served in the last decades.

Parallelly, starting in 2008, the Jirau and Santo Ant6nio
hydroelectric plants (UHE) were built upstream from
Humaitd, Amazonas, in Porto Velho, Rondénia, and in-
augurated in 2012, creating a physical barrier and flooding
a considerable area. Evidence shows that the Pimelodidae
family suffers strong influence from the hydrological cycles
[12, 20, 24], which coordinates the migration cycles, telling
them when and where to go [10, 25]. Based on that, recent
studies suggest that the construction of hydropower dams
along the Madeira basin has occasioned a dramatic decrease
in migrations and possible local extinctions in some parts of
the basin [20, 26, 27].

Reliable catch data are essential to understand these
processes better [28]. However, the growing demand for fish,
associated with the lack of information from artisanal/small-
scale fisheries, hampers the production of reliable datasets and,
consequently, weakens the policies of the sector, occasioning
fish stock overexploitation and indirectly changing the
structure and functioning of freshwater ecosystems in medium
and long term [29, 30]. In addition, climatic effects, pollution,
and habitat degradation can also cause changes in fish stock
abundance and capture dynamics [31, 32].

The effectiveness of fisheries’ good economic perfor-
mance and profitability relies on the exploited environ-
ments’ productivity, the exploited species’ value, and the
fisheries’ duration over time [33]. Thus, understanding the
dynamics of small-scale fisheries, the activity potential risks,
and adopting prophylactic management decisions based on
reliable data are the key steps to define how to exploit this
resource appropriately [34]. According to Castello [35],
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however, artisanal/small-scale systems require a differenti-
ated management approach adapted to each region’s social
and ecological specificity.

In this light, this study uses the data produced by a new
and more refined fisheries monitoring method [18]—based
on a social technology under a “citizen science” perspective,
where the researchers daily monitor the fish landings with
the aid of the involved fishermen, photographing, taking
biometric measures, and quantifying each of the landed
species—in the municipality of Humaitd, Amazonas, Brazil,
to characterize the migratory catfish commercial production
of the Pimelodidae family landed in the Z-31 Fishermen’s
Colony Dr. Renato Pereira Gongalves, bringing new and
more reliable information over the fisheries dynamics of
pimelodids in inland artisanal/small-scale systems.

2. Materials and Methods

2.1. Study Area. The study area includes the middle Madeira
River sub-basin region, between the Aripuanid and the
Machado rivers. Almost entirely distributed in the southern
portion of the Amazonas state and a small part located in the
state of Mato Grosso [22], the Aripuand, Manicoré, Mata-
uara, and Marmelos rivers stand out as its main tributaries. It
covers rivers, streams, and lakes located near the munici-
pality of Humaitd, Amazonas, Brazil, compressed between
the coordinates (7°53'17.06”S and 62°52'51.5 2"W and
6°46'12.6"S and 62°27'34 0.0"W) (Figure 1).

The middle Madeira region already has some generic
ongoing fishing management policies in place, which con-
sists of a closed season that aims to protect the reproduction
of some fish species, including some pimelodids, as estab-
lished by the Normative Instruction MMA No. 18, from
October 14th, 2004 (Hypophthalmus spp.); IBAMA Ordi-
nance No. 48 from November 5th, 2007 (Hypophthalmus
spp.); CEMAAM Resolution No. 18, from September 16th,
2014, and amended by CEMAAM No. 21, from October
27th, 2015 (Pseudoplatystoma tigrinum and Pseudoplatys-
toma punticfer), which prohibits the fishing of certain
species of commercial interest from November 15th until
March 15th. Although prohibited, the fishing of migratory
catfish did not stop in this period.

2.2. Data Collection. We gathered the data used in this study
by monitoring the artisanal fishing production of the
Fishermen’s Colony Z-31 Dr. Renato Pereira Gongalves—
which counts 1,500 members and is located in the middle
Madeira basin, in the Humaitd municipality, Southeast
Amazonas, Brazil—landed from May 2018 to April 2019,
using the low-cost social technology applied to the moni-
toring of the artisanal fishing proposed by Lourenco et al.
[18]—a protocol based on the daily monitoring of the
fisheries landings with structured questionnaires, adapted to
the multispecies captures present in the region [19, 30]. The
method consists of four steps, described as follows:

Step 1. When the embarkation arrives, the technician
must head to the landing point, present the work, and
ask for authorization to take the biometric measures of
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F1GURE 1: Capture areas and characterization of different types of environments recorded for fishing landings made in the municipality of
Humaitd, Amazonas, of migratory catfish (Siluriformes: Pimelodidae) registered in artisanal fishing in the middle Madeira sub-basin,

between 2018 and 2019.

each species. The technician then positions himself
close to the transfer point and keeps track of how many
and which species are being landed. In this part of the
process, having a good relationship with the fishermen
is essential once they can separate the species in dif-
ferent boxes during the landings, making the work
easier.

Step 2. Technician is responsible for taking note of every
new species landed and taking its biometric measures
in consonance with the information provided instep 1
(e.g., species 1, species 2, and species n).

Step 3. Technician is responsible for filing the identi-
fication card according to the information provided
insteps 1 and 2 and photographing one individual of
each species for taxonomic identification.

Step 4. Technician is responsible for interviewing the
fisherman and collecting information like when, where,
and how the fish were captured, along with other so-
cioeconomic information, such as investments and
profit.

By the end of each landing, all technicians must re-
unite and cross information to fill out the landing form.
These pieces of information allow us to identify the
following in each landing: the fishing grounds, commu-
nities, effort variables (fisherman.days fishing™"), type of

environment, species, individual and total mass, length,
type of embarkation, and fishing gear used. Finally, using
the available literature, we use the photographs to identify
the landed species at the lowest possible taxonomic level
[36].

During the monitoring, approved by the Brazilian Ethics
Committee, we collected the following variables: total
number of captured individuals and their respective species;
weight; length; captured volume (kg); commercialization
price of each species; days spent fishing; the number of
fishermen per boat; type of vessel; where they captured it;
and type of environment (e.g., stream, river, and lake). The
coordinates of each fishing ground and community were
taken with in loco visits using a GPS (Global Position
System).

2.3. Data Analyses. To analyze the pimelodids captures’
relation with the regional hydrological cycles, we collected
the average quotas data from the fluviometric station
“15630000 Humaitd” and defined the minimum and max-
imum hydrological values for each period. These values
allowed the visualization of how the average monthly quotes
of the Madeira River levels changed during the analyzed
period and to delimitate the following periods: flooding
(from August to October), flood (from November to



January), ebb (from February to April), and drought (from
May to July).

We analyzed the landings’ catch (kg) per species using
descriptive statistics to obtain the following parameters:
mean, standard deviation, minimum, maximum, co-
efficient of variation, and kurtosis. To verify the distri-
bution of the captured volumes (kg), we used
Shapiro-Wilk’s normality test [37]. For the homogeneity
of variances analysis, we used Levene’s test [38, 39]. To
verify the existence of significant differences in the landed
volume between the Pimelodidae species, we applied the
nonparametric Kruskal-Wallis [40] and Dunn’s post hoc
test of multiple comparisons, which allowed us to visu-
alize the differences expressed by p values.

We adopted ordering and classification analyses to assess
the spatial-temporal fishing dynamics, reducing the amount
of interpreted information to obtain an interpretive
grouping. The two multivariate techniques applied in this
study intended to search for emerging interpretable patterns,
namely: (i) nonmetric multidimensional scaling (NMDS),
which produces orderings from distance matrices, but in-
stead of using the real distances, it only considers the dis-
tance “ranks” [41-43], and (ii) cluster analysis for indicating
the aggregation of the most similar data and, through this,
allowing comparisons of the data [44].

We also used nonmetric multidimensional scaling
(NMDS) to define the fishing seasonality as well as the
spatial-temporal dynamics of the analyzed Pimelodidae
species, uncovering the solution for a certain number of
dimensions by ordering it to minimize the STRESS
function (standardized residual sum of squares). To do
that, we elaborated a quantitative matrix of the captured
volumes (kg) for each species, using the Euclidean
measure to determine the geometric distance in the
multidimensional space. Ordering patterns differ
according to the number of ordering axes; for the vali-
dation of the evidenced structure, we used a significance
test based on the “null model” of the Monte Carlo per-
mutation method [42, 45], present in the PAST 4.05
statistical package [46].

To determine the similarity of the captured volumes
between the capture sites, we used a classification analysis,
where we created a quantitative matrix of the captured
volumes (kg) using the Bray-Curtis index [47], along with
an agglomerative method based on the group means
(UPGMA) indicated for decreasing the distortion of the
original matrix during the construction of the dendro-
gram [48]. We also used the cophenetic correlation co-
efficient to validate the dendrogram with the original
matrix [49].

To assess the effect of the monotonic relationships be-
tween the descriptor variables, we applied Spearman’s
correlation coefficient (r,) for the following variables: hy-
drological level, type of environment, days spent fishing,
number of support vessels, and distance between the capture
sites and the landing site [50]. Finally, we used the canonical
correspondence analysis (CCA) to verify the influence of
each variable on the distribution of captured volumes (kg) of
the thirteen analyzed fish species [51, 52].
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3. Results

The total production of catfish species of the Pimelodidae
family addressed in this study was 6013.93 kg for the entire
period, totaling around 1,689 fish from 10 genera and 13
species. We evaluated a total of 186 landings from 122
fishermen, from which 98 were motorized canoes and 24
fishing boats, from 24 different fishing grounds; the total
captured volume (kg) was distributed between rivers (71%),
lakes (18.8%), and streams (10.2%). The identified species are
available in Table 1.

The average production of pimelodids in this sample was
32.33+89.84kg (0.27 min-980.00 max) per fishing trip,
which lasted an average of 3 days. The average sale value in
each landing was R$5.57/kg (2.00 min-12.00 max) paid by
the “magarafes,” who resale the products after processing for
up to R$20.00/kg.

The highest volumes of migratory catfish landings oc-
curred between July and September, corresponding to the
region’s transition period from the ebb to the drought pe-
riod. The fishing gears most commonly used were stationary
gillnets (96.72%), followed by throwing nets (1.64%), and
“espinhéis” (stationary longlines with several hooks)
(1.64%). The gillnets mesh sizes varied from 45mm to
190 mm, and the 70 mm mesh was the most used.

Descriptive analyses showed variation in the volume
caught (Table 2) and revenue (Table 3) per fishing trip for the
thirteen species of migratory catfish analyzed. For the period
studied, the highest values observed for each fishing trip,
both in volume caught and in revenue (R$), were for the
“surubim” fish, Pseudoplatystoma punticfer.

The values obtained from the Kruskal-Wallis non-
parametric analysis of variance, used to test the differences in
volumes captured for each trip, were represented by
H =73.48 and p = 1.83E°%, demonstrating that the me-
dians for the analyzed samples presented significant dif-
ferences, and represented by the multiple comparisons
posterior Mann-Whitney test (Table 4).

Through nonparametric multidimensional scaling
(NMDS), we ordered the captured volumes (kg) according
to the location, type of capture environment, and season-
ality. The groupings were arranged according to the amount
of biomass registered for the different months of the year
(Figure 2). Through NMDS, it was possible to verify that the
highest production for the analyzed locations occurred
between the ebb and drought periods, with low production
during the flood period, a fact possibly linked to the be-
ginning of the closed-season period. It was possible to
observe that the volumes varied spatiotemporally due to the
availability of different environments during different pe-
riods of the year. Most of the monitored fishing grounds
presented low captures, evidencing the artisanal/small
characteristics of the studied region. Linear adjustment of
NMDS for the captured volumes in kilograms (kg) presented
a determination coefficient (R?) of 0.8262 for dimension 1
and 0.492 for dimension 2, with a residual sum of squares
equal to STRESS of 0.1269.

Through the similarity dendrogram (Figure 3), we
identified five groups with adjustments higher than 55%
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TaBLE 1: Recorded Pimelodidae catfish captured during the artisanal fisheries monitoring in the middle Madeira sub-basin, Amazonas,
Brazil, between 2018 and 2019.

Species Popular name Frequency (%)
Brachyplatystoma filamentosum (Lichtenstein, 1819) Filhote/piraiba 2.7
Brachyplatystoma platynemum (Boulenger, 1898) Babdo 1
Brachyplatystoma rousseauxii (Castelnau, 1855) Dourada 4.2
Brachyplatystoma vaillantii (Valenciennes, 1840) Piramutaba 0.2
Hypophthalmus marginatus (Valenciennes, 1840) Mapara 2.1
Leiarius marmoratus (Gill, 1870) Jandié 34
Phractocephalus hemioliopterus (Bloch and Schneider, 1801) Pirarara 3.9
Pinirampus pirinampu (Spix and Agassiz, 1829) Barba-chata 0.7
Pseudoplatystoma punticfer (Linnaeus, 1766) Surubim/cachara 69.7
Pseudoplatystoma tigrinum (Valenciennes, 1840) Caparari 8.4
Sorubim lima (Bloch and Schneider, 1801) Bico de pato 1
Sorubimichthys planiceps (Spix and Agassiz, 1829) Peixe lenha 2.6
Zungaro zungaro (Humboldt, 1821) Jau 0.2

The frequency of species occurrence (presence/absence) is expressed as a percentage.

TaBLE 2: Descriptive statistics of biomass production (kg) of migratory catfish (Siluriformes: Pimelodidae) recorded in artisanal fishing in the
Madeira River sub-basin, between 2018 and 2019, according to location and hydrological period.

M SD MinV MaxV CV% K
Brachyplatystoma filamentosum 5.07 +31.22 1 255 615.3 63.84
Brachyplatystoma platynemum 1.02 +4.02 1.3 24 392.15 22.71
Brachyplatystoma rousseauxii 5.43 +18.21 0.3 104 335.17 16.54
Brachyplatystoma vaillantii 0.12 +0.59 0.5 4 476.83 31.21
Hypophthalmus marginatus 0.24 +0.94 0.27 5.6 391.97 21.97
Leiaurius marmoratus 141 +3.25 1 19 230.34 13.39
Phractocephalus hemioliopterus 7.33 +20.51 4 117 279.64 16.9
Pinirampus pirinampus 0.19 +0.67 0.64 3.8 349.74 16.49
Pseudoplatystoma punticfer 56.47 +153.07 0.45 1094 271.06 32.14
Pseudoplatystoma tigrinum 8.79 +32.85 4 243 373.44 39.88
Sorubim lima 0.09 +0.70 0.48 5.84 762.73 67.01
Sorubimichthys planiceps 211 +7.42 0.51 56 351.25 42.32
Zungaro zungaro 0.14 +0.81 0.65 6 571.38 43.85

M: mean; SD: standard deviation; MinV: minimum value; MaxV: maximum value; CV%: coeflicient of variation in percentage; K: kurtosis.

TaBLE 3: Descriptive statistics of financial income (R$) of migratory catfish (Siluriformes: Pimelodidae) recorded in artisanal fisheries in the
middle Madeira sub-basin, between 2018 and 2019, for each fishing landing.

M SD MinV MaxV CV% K
Brachyplatystoma filamentosum 42.07 +251.22 0.18 377.07 596.9 62.19
Brachyplatystoma platynemum 5.52 +23.40 0.96 26.61 423.75 26.36
Brachyplatystoma rousseauxii 35.43 +117.90 0.66 103.51 332.69 11.64
Brachyplatystoma vaillantii 0.61 +3.52 0.53 5.17 575.67 56.4
Hypophthalmus marginatus 1.52 +8.40 0.14 12.47 552.66 58.87
Leiaurius marmoratus 5.35 +12.79 0.56 10.53 239.07 8.68
Phractocephalus hemioliopterus 38.83 +128.32 2.95 173.01 330.05 36.88
Pinirampus pirinampus 0.73 +2.45 0.36 2.10 334.59 10.77
Pseudoplatystoma punticfer 371.4 +1036.7 0.50 1415.52 279.11 37.2
Pseudoplatystoma tigrinum 66.13 +254.30 14.22 359.33 384.53 45.78
Sorubim lima 0.27 +2.12 0.98 3.23 781.66 67.56
Sorubimichthys planiceps 9.47 +31.83 2.04 41.40 335.98 31.89
Zungaro zungaro 0.56 +3.24 2.6 4.43 571.38 43.85

M: mean; SD: standard deviation; MinV: minimum value; MaxV: maximum value; CV%: coefficient of variation in percentage; K: kurtosis.
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FIGURE 2: Nonparametric multidimensional scaling for fish catch volumes (kg) for each fishing trip in different types of environments and
catch months for Pimelodidae species recorded in artisanal fisheries in the middle Madeira sub-basin, between 2018 and 2019, in relation to
localities (dots correspond to locations and capture environments; black dots represent rivers; red dots represent lakes; blue dots represent

“igarapés” or stream).
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FIGURE 3: Similarity dendrogram generated through cluster analysis of captured volumes (kg) of Pimelodidae species, for each location,
using the Bray-Curtis index as a function of months and capture locations (cophenetic correlation coefficient =0.8849).

compared to the original highest capture volumes (kg) in the
considered locations. The cophenetic correlation coefficient
was >0.8.

The monotonic relationships tested for Spearman’s
correlation coefficient (r;) between the descriptor variables
presented significant values for nonlinear associations
(Table 5; Figure 4). Spearman’s correlation coefficient (r)

allowed us to detect the monotonic relationships between
the descriptor variables pair by pair, highlighting the un-
correlated variables.

The canonical correspondence analysis (Figure 5)
presents the influence of environmental descriptors
(months, hydrological level, type of environment, number of
days fished, number of support vessels, and distance between



TABLE 5: Scores
analysis.
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of statistical values and two-tailed probabilities for nonexistent correlations among those described considered for the

Months HidrLev Envir. NDF SupBoa L{)Jcan
Months 1.19E 20+ 0.62425 0.52478 0.00352* 0.66814
HidrLev —-0.85674 0.50785 0.07061" 0.04424" 0.86489
Envir. 0.06047 —-0.08168 0.21529 0.25246 0.0115*
NDF —-0.07846 —-0.22063 0.15221 0.85532 0.73153
SupBoa 0.34914 —-0.24478 0.14069 0.02253 0.82973
Loc X Unl —-0.05293 0.02102 0.30473 0.04237 —-0.02657

*Significant value if & < 0.05; HidLev: hydrological level; Envir.: environment; NDF: number of days fished; SupBoat: support boats; Loc X Unl: locations vs

unloading.
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FIGURE 4: Graphic representation of Spearman’s correlation coefficient (rs) between descriptive variables demonstrating the significant
values for nonlinear associations and uncorrelated two-tailed probabilities (HidLev: hydrological level; Envir.: environment; NDF: number
of days fished; SupBoat: support boats; Loc X Unl: locations vs unloading).
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FIGURE 5: Canonical correspondence analysis (CCA) of volumes captured in kilograms (kg) for Pimelodidae species registered in artisanal
fisheries in the middle Madeira River subbasin, according to fishing excursions and types of capture environment (2018 to 2019), in relation
to the variables: hydrological level, environment, number of days fished, number of support vessels, and distance between capture and
landing sites (Pse faz: Pseudoplatystoma punticfer; Pse tig: Pseudoplatystoma tigrinum; Phr hem: Phractocephalus hemioliopterus; Bra rou:
Brachyplatystoma rousseauxii; Bra fil: Brachyplatystoma filamentosum; Sor pla: Sorubimichthys planiceps; Lei mar: Leiarius marmoratus; Bra
pla: Brachyplatystoma platynemum; Hyp mar: Hypophthalmus marginatus; Pir pir: Pinirampus pirinampu; Zun zun: Zungaro zungaro; Bra
vai: Brachyplatystoma vaillantii; Sor lim: Sorubim lima) (dots correspond to locations and capture environments; black dots represent rivers;
red dots represent lakes; blue dots represent “igarapés” or stream).
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the capture sites and the landing site) on the volume cap-
tured in kilograms of Pimelodidae catfish for the analyzed
area. Leiarius marmoratus, B. vaillantii, P. pirinampus,
H. marginatus, and Phractocephalus hemioliopterus posi-
tively responded to changes in the hydrological level and the
number of days fished. While the production of P. punticfer,
S. lima, P. tigrinum, and S. planiceps was positively influ-
enced by the environment and the number of support boats,
the distance between the capture sites and the landing site
negatively influenced the observed catches, reinforcing the
observed higher production values found in “Igarapé do
Buigu,” “Tambaquizinho,” and “Trés Casas lake.”

The first two axes of the canonical correspondence
analysis explained 67.87% of the variation in the catch
distribution of Pimelodidae species. The descriptors con-
sidered to be significant in the distribution of abundances in
the catch of the species were the month, hydrological level,
type of environment, number of days fished, number of
support vessels, and the distance between the capture sites
and the landing site (Table 6).

4. Discussion

The characteristics present in the gathered data, such as
multispecific exploration, diversity of equipment used,
limited types of environments, and variations in flood
pulses, in addition to the ecological conditions of the
populations, influence fishing strategies, abundances, and
composition [53-57], characterizing the fishing of migratory
catfish in the middle Madeira River sub-basin region as
a multispecific and subsistence commercial fishery.

Pseudoplatystoma punticfer, popularly known as “sur-
ubim,” “pintado,” or “cachara,” is one of the Pimelodidae
species with the highest commercial value and the one with
the higher proportion in landings for the analyzed region.
This species was responsible for 69.7% of the total pro-
duction among Pimelodidae species, with approximately 4
tons and 8.3% of the 46.7 tons landed in the region, ranking
fifth in total production, corroborating other studies
[58, 59]. According to Goulding [22], the genus Pseudo-
platystoma Bleeker, 1862, was the most important among
those exploited in fisheries on the Guaporé and Mamoré
rivers in the 1970s. According to Payne [60], 95% of fish
landed in Trinidad and Bolivia were composed of four main
species, two of which are within the Pimelodidae family:
P. punticfer and P. tigrinum. Santos [61], describing the
composition and situation of fishing in the state of
Rondonia, mentions that in 1984, the production of
P. tigrinum was 41.2% of the total 104.5t landed in Vila
Pimenteira on the banks of the Guaporé river. Petrere Jr.
[62] estimated P. tigrinum as 48% of the captures in the
Mamoré River. More recently, Lopes et al. [30] observed that
Pseudoplatystoma spp accounted for more than 10% of the
fish landed in Boca do Acre, Amazonas, in 2012.

The main differences observed in production and travel
revenue for each Pimelodidae species were analyzed using
exploratory techniques and multivariate statistics for in-
terpretation purposes [63, 64]. Thus, the descriptive analyses
showed significant differences when analyzed separately for

TaBLE 6: Canonical correspondence analysis (CCA) score for the
influence of descriptor variables on the volume of fish caught (kg)
of Pimelodidae species for the middle Madeira River region be-
tween 2018 and 2019.

Descriptors Axis 1  Axis 2 Eigen value
Months 0.03 0.34 0.38
Hydrological level (cm) 0.29 -0.03 0.26
Environment -0.04 -0.01 0.15
Number of days fished 0.00 -0.17 0.10
Support boats —-0.23 0.19 0.03
Locations vs unloading (km) -0.09 -0.15 0.02
Varijation explained (%) 40.73 27.14 —

each species, where P. punticfer had the highest captured
volume and revenue values. The Kruskal-Wallis non-
parametric analysis of variance detected the differences
observed for the production of the evaluated species, and
their values were represented by the multiple comparisons
post hoc Dunn’s test, pointing once again to P. punticfer as
having the most significant production and revenue, unlike
the other Pimelodidae species analyzed. This fact can be
explained by the great flexibility of the species P. punticfer in
occupying diversified environments throughout their entire
ontogenetic development [12, 65], which in turn justifies that
their production is seven times greater than that of
P. tigrinum, which is the second most frequently captured
large catfish species in the study area.

Regarding the parties involved, we identified three
production agents working in the landings of commercial
fishing in the middle Madeira River region: fishing boats
(who focus their catches on the mainstream of the rivers),
motorized canoes (which explore lakes and streams), and the
“magarefes” [19, 22].

A peculiar feature is the fishing in stream environments
during the drought season, an environment frequently ex-
plored by fishermen in motorized canoes [19]. This modality
presents great expressiveness in production, reaching the
highest values and surpassing, in some cases, the production
of periods expected to be more productive for migratory
catfish. On the other hand, during this period, shoals are
more frequent in the main channel of large rivers, and the
fishing effort of the fleet is mainly concentrated in these
types of environments [15, 22] with trips lasting on average
less than one day [19]. However, for the studied region, these
trips last around three days.

Another factor that explains the differences observed in
production between fishing trips is due to the numerous
reproductive strategies that exist among Pimelodidae spe-
cies, such as other migratory species from tropical envi-
ronments, which have developed mechanisms that enable
them to optimize the environment [66-69]. Spawning oc-
curs at the head of rivers during the rainy season when the
rivers are full of turbulent and oxygenated running water.
Young and adult individuals of species such as P. punticfer
are found in adjacent flooded areas during the flood period
[70]. During the ebb and drought seasons, the distribution is
different. Young fish are found in streams and marginal
lakes, while adults are found only in the main riverbeds
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[71, 72]. This difference explains the high capture rates of
P. punticfer throughout the period but with the highest
relative frequencies during the ebb and drought periods,
thus corroborating the data observed in the present study.

Nonparametric multidimensional scaling analysis
showed that capture volume for different Pimelodidae
species varied spatiotemporally as a function of the types of
environment and months. This tendency for variation in
catch volumes is caused by the preference of some species for
certain types of habitats during different times of the year,
which consequently leads fishermen to undertake a higher
capture effort in environments such as lakes and small
adjacent streams [11, 15]. The period considered most
productive was during the ebb and drought season, com-
prising the months from May to October, with the highest
values of capture per trip occurring in May and September,
respectively.

Cluster analysis showed the formation of groups defined
by the similarity of volumes captured for the considered
fishing grounds, demonstrating the effect of the types of
environments for each location (Figure 3). It was possible to
observe that the capture volumes varied among the different
locations, influenced by fluctuations in hydrological level,
which interfered with the capture dynamics for the
analyzed area.

Studies on Pimelodidae have shown that the highest
revenues revolve around the species B. rousseauxii and
B. vaillantii due to the greater demand for these species, as
well as a higher fishing effort [34, 73], mainly in the river
mouth region [74]. However, artisanal fishing, especially in
the middle Madeira River subbasin region, does not have
a fleet of boats with the proper characteristics to capture
these species. Generally, specific equipment and vessels with
a large storage capacity (tons) are necessary to capture larger
catfish species [75].

Based on the local reality, although Barthem and
Goulding [23] describe the capture of species of the Pime-
lodidae family as occurring from July onward, in the middle
Madeira region, captures of P. punticfer and P. tigrinum were
observed occurring from April onwards, which for the study
area corresponds to the final period of reproduction for these
species when individuals find themselves with a low accu-
mulation of reserves and depleted gonads [76, 77].

It is essential to consider that fish assemblages can be
directly affected by changes in environmental conditions,
such as the increase and/or reduction of flooded areas, food
availability, and harbor areas [78]. The results showed that
for the analyzed period, the Buiugu stream was the most
productive, with a total capture of 1,333 kg, followed by the
Tambaquizinho with 618 kg and, in third place, Trés Casas
Lake with a production of 573 kg. These numbers highlight
the importance of adjacent lakes and streams for fishing
activity in the region, especially during drought periods
when these environments present higher captures [79].

Some authors, when dealing with the production of
catfish, observed that the greatest catchability occurs during
the flood period due to the beginning of recruitment to carry
out the reproductive migration. However, shoals form
during the ebb, with the decrease in the supply of
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environments, increasing their catch [34]. This study cor-
roborates with our data, where the highest production
recorded occurred in August, September, and October,
respectively, during the lowest water level recorded [80].

We can observe that P. punticfer and P. tigrinum are
responsible for the highest abundances in captured volume
when considering production per trip and total biomass,
reflecting the observed revenue. However, it is noteworthy
that the region’s fisheries are nontargeted hybrids. Fisher-
men catch whatever gets trapped in the mesh, which explains
the low number of species and individuals captured when
analyzed separately [18, 81].

Another critical factor is that during fishing trips, vessels
do not have adequate conditions for fish storage and
transport, which, in turn, also limits the captures and
consequently generates low values in revenue due to the
effect of underexploration. Most boats used in catfish fishing
in the studied area are motorized canoes with expanded
polystyrene (Styrofoam) boxes [82]. Studies report that
motorized canoes, popularly called “rabeta,” represent the
majority of vessels and are responsible for more than 90% of
the storage and transport capacity of fisheries in the
region [83].

Vessels like motorized canoes limit fishermen to shorter
and more frequent trips, usually to places close to the
landing areas, which demands a low cost for fisheries,
leading to a higher number of fishing trips, but with fewer
days fished, increasing the number of records [55, 84, 85]. In
this way, fishermen adapt fishing techniques to exploit
abundance cycles and local market demands [34]. The in-
formation generated with the data obtained can explain the
values observed for the revenues in relation to the evaluated
locations and species. In addition, the precariousness and
lack of infrastructure during the capture’s landing com-
promise the fishing activity’s development, increasing costs
for its execution, which may reflect in the price of
commercial fish.

Thus, catfish have a higher commercial value when
compared to the other species that come from this study area
[18], whether because of their commercial appeal as well as
the difficulties imposed by the specific catches observed for
the group, with emphasis on the minimum lengths and
weights allowed established by ordinance No. 48/2007 and
some state legislations [1]. Other difficulties include the lack
of access to ice for fish conservation, the lack of guarantees of
access to closed-season insurance, and the lack of necessary
inputs to manufacture equipment, preventing the devel-
opment of fishing activity in the region [86].

Due to the requirements imposed by local commercial
consumption, as well as the limitations in storage space for
large volumes of fish, some species of catfish have the head
and viscera removed before being brought to the landing
site; these body parts represent between 20 and 30% of the
individual fish’s volume, adding to the total weight and thus
influencing the final total weight of fish caught. This practice
occurs in several regions, involving the fishing of Pimelo-
didae catfish [87]. Undoubtedly, this factor may have
contributed to the low production observed for some species
when considering the weight obtained.
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5. Conclusions

The Pimelodidae catfish production in the middle Madeira
River subbasin region is a small-scale fishery and plays
a vital role by providing food and a source of income for
local populations. When analyzing the catfish production
expressed as volume and the type of capture environments,
we found that, despite being partially organized, fishing in
the region needs investments concerning the acquisition of
vessels with greater transport capacity and storage, im-
provements in the floating platform where the fish are
landed, improvements in working conditions, better access
to ice, and necessary supplies for the development of this
type of fishing, in addition to updating public policies
aimed at this sector, based on local realities.

The presence of large hydroelectric projects in the region
may represent one of the causes of low productivity found in
this study, especially when considering that these types of
projects consist of artificial barriers that can interfere with
the reproductive dynamics of the analyzed group, and the
registered mean productions presented here are lower when
compared to other similar studies that cover periods before
the installation of the hydroelectric dams.

Finally, despite the short history dataset available in this
study, the refined data produced by the monitoring method
allowed us to characterize the pimelodids’ production dy-
namics in the region. This characterization is the first step to
circumvent the lack of systematic and continuous in-
formation available about artisanal fishery production in
Amazon’s inland waters and highlights the importance of
the expansion of more refined monitoring methods adapted
to each region’s specific realities.

Data Availability

The authors will make the dataset used to support the results
of this study available upon reasonable request made
through the e-mail: liop@ufam.edu.br. Additionally, a vi-
sualization of the database is available in the following link:
https://app.powerbi.com/view?r=eyJrljoiYZEONTcyZGMIN
ThiMi00YzVmLWI2Y2MtYWRIMWUzZDEOMWFjliwidC
I6ImUXZTImNWYzLTZINGUtNDY0Zi1hZDU2LWFmMz
BhMzIkMDIhNiJ9.

Additional Points

Highlights. The available fisheries data in the Humaitd
region are generic and do not cover the multispecific
captures present in small-scale/artisanal fisheries, limiting
the use of the data in more robust analyses. This, asso-
ciated with the hydropower dam construction in the re-
gion, makes it challenging to evaluate its effects on fish
assemblages and the fisheries resources. New fisheries
monitoring methods have been implemented in the re-
gion, bringing new light to the part of the “occult data”
from inland fisheries. This study presents data prevenient
from one of these new methods and compares it with the
available data produced in the region, bringing new
perspectives and discussions.
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