
An Acad Bras Cienc (2022) 94(1): e20191320 DOI 10.1590/0001-3765202120191320
Anais da Academia Brasileira de Ciências  |  Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 I Online ISSN 1678-2690
www.scielo.br/aabc  |  www.fb.com/aabcjournal

An Acad Bras Cienc (2022) 94(1)

Running title: ZONING OF B. 
vaillantii FISHERIES IN BRAZIL

Academy Section: ECOSYSTEMS

e20191320

94 
(1)
94(1)

DOI
10.1590/0001-3765202120191320

ECOSYSTEMS

Proposal for the zoning of the industrial 
Brachyplatystoma vaillantii fi sheries of 
the North Coast of Brazil and the infl uence 
of climatic factors on the fl uctuations 
in the abundance of the species

PAMELLA O. DA COSTA, IVAN F. JÚNIOR, EDUARDO T. PAES, FÁBIO C.P. PINHEIRO, 
JÉSSICA A. DA SILVA, DEUSILENE C. DOS SANTOS & ISRAEL H.A. CINTRA

Abstract: The present study was based on the analysis of 10,467 trawls of the
industrial piramutaba (Brachyplatystoma vaillantii) fi shing fl eet of the Brazilian
state of Pará, which were mapped by onboard GPS loggers (between February 2008
and September 2011) and the PREPS data from 40 vessels which were tracked by this
system between 2008 and 2011. The variation in the mean monthly CPUE, based on
Lomb’s periodogram, revealed a well-defi ned and constant cycle with a duration of
approximately one year. Three environmental factors infl uenced this cycle. The El Niño
3.4 index had a negative correlation with the CPUE of the piramutaba fi shery, with a time 
lag of 15 months, while monthly rainfall and the mean discharge of the Amazon River
correlated strongly (r=0.89 and 0.87, respectively; p<0.001) with the CPUE, with time lags
of 12 and 11 months, respectively. The spatiotemporal analysis of the distribution
of the activity of the piramutaba fi shing fl eet indicated that the most intense area of
operation of the fl eet lies between latitudes 00º N and 02° N, and longitudes 047º40’ W
and 049º40’ W. This area was divided into four geographic quadrants, although fi shery
operations were concentrated in only three of these quadrants. The study proposed a
quadrimester fi shing cycle with zoning in three of the quadrants, where fi shing would
be permitted for four months (occupation period), followed by an 8-month rest period
for the recuperation of stocks, aiming at the sustainability of this fi shing exploration.

Key words: Amazon, fishery management, industrial fishing, PREPS vessel logging system.

INTRODUCTION

The fi sheries on the north (Amazon) coast of 
Brazil include both artisanal and industrial 
fleets. Artisanal fishing is practiced using 
rudimentary equipment (lines, hooks, and nets 
made by the fi shers themselves) and small boats, 
and its catches are destined for the local market 
or personal consumption. By contrast, the 
industrial fl eets use sophisticated equipment 
(e.g., GPS, sonar, trawls, suction, and drift nets) 

and medium to large vessels, with its catches 
supplying national and international market 
(Diegues 1983, Dias-Neto & Dornelles 1996, 
Frédou et al. 2009).

Brazil has favorable conditions for the 
expansion of fi sh productivity by both artisanal 
and industrial fl eets, given its extensive coastline, 
of 8,500 km, and Exclusive Economic Zone (EEZ) 
of more than 4.3 million km² (MPA 2012). The 
Brazilian EEZ extends from the 12 nautical mile 
limit of the nation’s territorial waters, measured 
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from the baseline used to define the continental 
shelf, to 200 nautical miles off the coast (SECIRM 
2006).

According to Federal Law No. 8,617 of 
January 4th, 1993, Brazilian has sovereign rights 
over this exclusive zone for the exploration and 
exploitation, conservation and management 
of natural resources, living or non-living, the 
waters overlying the seabed, the seabed and its 
subsoil, and other activities for the exploitation 
of the area for economic purposes. The country 
also has exclusive rights for the regulation 
of scientific research, the protection and 
preservation of the marine environment, and 
the construction, operation, and use of all 
types of artificial island, facility, and structure. 
The most recent official statistics from the 
Ministry of Fisheries and Aquaculture on 
Brazilian extractive fishery production are for 
2011, when the total catch was 803,270.2 t, which 
represents an increase of 2.3% in comparison 
with 2010. The production of the country’s inland 
fisheries increased considerably 2009 and 2011, 
from 239,493 t in 2009 to 248,911 t in 2010, and 
249,600 t in 2011. As a result, the contribution of 
these fisheries to the total extractive production 
increased from 29% in 2009 to 31.1% in 2011. The 
Brazilian North region contributed 55% of this 
catch, with 137,144.5 t of fish being produced in 
2011 (MPA 2011).

The piramutaba, Brachyplatystoma vaillantii 
(Valenciennes in Cuvier & Valenciennes 1840), 
is a catfish of the family Pimelodidae, and is 
the only freshwater pimelodid caught on an 
industrial scale, with a total catch of 24,789.3 t 
in 2011, when it was second only to the curimatã 
(Prochilodus spp.), species of the family 
Prochilodontidae that had a catch of 28,647 t 
in 2011.

Brachyplatystoma vaillantii is a demersal, 
migratory species with slow growth rates. The 
growth rings of B. vaillantii are formed annually 

(apparently, with two rings per year), and this 
fish may reach an age of 13.5 years. These catfish 
begin to breed at 3 years of age, when they 
are 42-64 cm in length, although commercial 
fisheries target individuals as young as 2 years 
of age (Barthem 1990, Pirker 2001, 2003). 
Excessive harvesting of young shoals may 
nevertheless expose piramutaba stocks to 
overfishing, by depleting these stocks before the 
individuals are large enough to contribute to the 
biomass by breeding (FAO 1997). These practices 
combined with a lack of monitoring and illegal 
fishing contribute to a drastic reduction in the 
availability of fishery resources. Clearly, it is 
becoming increasingly necessary to implement 
effective management measures to minimize 
these impacts.

The industrial piramutaba fisheries are 
based on pair or trail trawls, operating off the 
northern coast of Brazil at depths of less than 25 
meters. These fisheries produce approximately 
10.17% of Brazil’s continental extractive fishery 
catch (Sanyo Techno Marine 1998, MPA 2010, 
2011). This indicates that the the North region 
presents favorable conditions for the expansion 
of the fishery production chain, and this region 
is appropriate as a model for the development 
of the Piramutaba Trawl Fishing Zoning Plan.

In view of these favorable conditions in 
northern Brazil, we prepared a proposal for the 
zoning of the piramutaba (Brachyplatystoma 
vaillantii) trawl fisheries in this region. This 
was based on a spatiotemporal analysis of the 
PREPS (2011) (National Program for the Satellite 
Tracking of Fishing Vessels: Programa Nacional 
de Rastreamento de Embarcações Pesqueiras 
por Satélite) tracking data and onboard maps, 
with the primary objective of guaranteeing the 
biological sustainability of this fishery, as well 
as verifying the influence of climatic factors 
(flow, precipitation, El Niño, and La Niña) on 
catch volumes. This proposal will contribute 
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to the development of the local fishing sector, 
and in particular, the sustainability of the 
resources targeted by this fishery.

MATERIALS AND METHODS
Study area
The study area is located in the coastal region 
of northern Brazil, which includes the states 
of Amapá, Pará and Maranhão (Figure 1), where 
the Brachyplatystoma vaillantii fishing grounds 
are found. The “piramutaba” is targeted in this 
region by the industrial trawling fleet, which also 
takes a number of other species as bycatch. 
The northern coast of Brazil is over 2,500 km 
long, and has a rainy climate, with annual 
precipitation of up to 3,500 mm (Isaac & Braga 
1999).

Database
The data used in the present study were obtained 
from two distinct, but related data sources, in 

both spatial and temporal terms, provided by 
the former Ministry of Fisheries and Aquaculture.

The two sources are the data from the 
onboard maps of the industrial trawler fleet of 
the Brazilian state of Pará and the PREPS (2011) 
(National Program for the Satellite Tracking of 
Fishing Vessels) database.

The PREPS data were used to produce 
density maps of the number of points of 
fishery activity within the study area between 
January 2008 and December 2011. The onboard 
maps provide information on trawls. A total of 
10,467 trawls (pair or trail) of the piramutaba 
fishing vessels were analyzed between February 
2008 and September 2011. The pair trawl system 
involves a pair of vessels which pull a single net 
simultaneously, while the trail method involves 
three vessels pulling two nets simultaneously 
(Mourão et al. 2007). The onboard map data were 
digitized and fed into a database using Excel.

The PREPS tracking method involves the 
remote monitoring of industrial-sized fishing 

Figure 1.  North Coast of Brazil (Amapá, Pará and Maranhão), highlighting the fishing area (Amapá-Pará) of the 
industrial fleet that captures the “piramutaba” (Brachyplatystoma vaillantii).
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vessels, which are at least 15 m long or weigh 
more than 50 tons gross tonnage (GT). A Global 
Positioning System (GPS) receiver installed 
on each vessel transmits a signal to the 
PREPS tracking center once an hour, providing 
geographic positioning data in the Datum 
WGS 84 and Universal Time Coordinated (UTC) 
systems (Zagaglia et al. 2009). As established 
in Normative Instruction no. 2 of 2006 of the 
SEAP/MMA/MD, the PREPS equipment consists 
of a GPS transmitter and receiver that transmits 
continuously, not only geographic positioning 
information, but also a set of information on the 
vessel: the identification of the vessel, universal 
date and time of each reading, the local depth.

The data on the flow (mean monthly 
discharge, in m³/s) of the Amazon River were 
supplied from the gage at Óbidos, in Pará, 
obtained from the National Water Agency’s (ANA) 
Hydrological Information System, HidroWeb 
(http://hidroweb.ana.gov.br/). The precipitation 
data (mm) were based on the monthly average 
of the readings from the meteorological stations 
in northeastern Pará. Values for the El Niño 
3.4 index were downloaded from the National 
Oceanic and Atmospheric Administration 
(NOAA) website, at https://www.esrl.noaa.gov/
psd/gcos_wgsp/Timeseries/Nino34/.

Data treatment
The PREPS data analysis was run monthly, then 
annually, to verify the spatiotemporal dynamics 
of the fisheries. The records of fishing activities 
during the closed season for the species were 
also analyzed. Normative Instruction no. 6, 
issued by the Brazilian Environment Ministry 
(MMA) in 2004 determines the piramutaba closed 
season between September 15th and November 
30th of each year. Ordinance no. 11-N of 
SUDEPE (1987), which prohibits trawl fishing by 
motorized vessels less than 10 nautical miles 

off the north coast of Brazil, is also relevant 
here.

This ordinance also prohibits industrial 
fishery operation south of latitude 00º05’ N and 
west of the longitude 048°00’ W.

During the closed season, the vessels of 
the piramutaba fleet are temporarily allowed 
to harvest fish of other species at depths 
greater than 20 m. In 2011, the beginning of the 
piramutaba closed season was postponed to 
October 1st, based on Interministerial Normative 
Instruction No. 11 of 2011.

The piramutaba trawling fleet of northern 
Brazil currently has 48 vessels (MMA 2004), 
although, in the the PREPS data (geographic 
coordinates, date and time) were obtained from 
40 vessels authorized to trawl for piramutaba. 
These vessels operate in the region of the 
Amazon estuary at depths of 15–25 m, landing 
their catches primarily in the city of Belém 
in Pará (Haimovici & Klippel 1999). A total of 
1,979,305 data points were obtained between 
2008 and 2011.

The data from the onboard maps provided 
information on the type of vessel (pair or trail), 
trawl duration (final decimal time - initial 
decimal time), and the volume (kg) of the catch 
per species. This information was processed 
and assembled in Excel. The CPUE values were 
obtained using the CPUE 1 index, which is the 
mean ratio of the catch to observed effort 
(Petrere-Júnior et al. 2010). The monthly variation 
of the CPUE 1 was plotted on a graph together 
with the standard errors. The monthly variation 
in the mean CPUE of the piramutaba fisheries 
of the north coast of Brazil was calculated as 
kg/hdec.net, where the catch is given in kg and 
the fishing effort in number of nets (1 or 2) used 
in each trawl multiplied by the duration of the 
trawl in decimal hours (hdec).

The CPUE was calculated for each trawl by: 
CPUE= Y/f, where Y is the catch in kg and f is the 
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fishing effort in net-decimal hours. The onboard 
map data were processed to calculate the mean 
CPUE, standard deviation, and standard error. 
These data were compared in order to determine 
whether the CPUE tended to increase or decrease 
among the annual cycles analyzed here. The 
nonparametric, sequential Mann-Kendall test 
(Mann 1945, Kendall 1975) was applied here 
to establish the significance of any observed 
trend. The seasonality in the CPUEs of the B. 
vaillantii time series was assessed using Lomb’s 
periodogram analysis (Press et al. 1992). The 
significance of the periodicity found in this time 
series was tested against the null hypothesis 
of white noise. This technique is analogous 
to the Fourier transformation but is applied 
to unevenly sampled data (Press et al. 1992), 
and thus provides better results for this type 
of data than the Fourier transformation (Ruf 
1999). The potential relationships between the 
mean CPUE and rainfall, the El Niño 3.4 index, 
and the discharge of the Amazon River were 
also verified using a cross-correlation analysis 
(Shumway & Stoffer 2000). A cross-correlation 
analysis was used to assess whether the time 
series were significantly correlated with each 
other and to identify the existence of time lags 
between the series.

Mapmaking
The method used for the elaboration of the 
density maps was described by Zagaglia et 
al. (2009). The time difference (dT), distance 
between points (dD), and mean speed of travel 
(Vel) were calculated between consecutive 
transmissions from the onboard tracking 
equipment. The Haversine equation (Sinnott 
1984) was applied to calculate the linear 
distance between each pair of points, based on 
the latitude and longitude of these points and 
the diameter of the earth, which was used, in 
turn, calculate the velocity.

The speed patterns of the study vessels were 
identified considering three basic categories: 
that the displacement dynamics of vessels 
using a trawl during a cruise are basically: 
cruising, fishing, and mooring (speeds close 
to or equal to zero). The data on cruising and 
fishing were used to verify the compliance of 
the vessels with the environmental legislation, 
and to calculate the point density per month, 
and in the piramutaba closed season. The data 
were processed using the Kernel Density tool in 
the ArcGis environment, version 9.2, and aimed 
to identify of the principal fishing grounds used 
by the trawler fleet from the mapped density. 
Mooring records were excluded from the analysis.

Fishery zoning
The analyses described above will be used 
to define the most important areas for the 
piramutaba fisheries, which will be used to define 
exclusive fishing zones, in which the fleet will 
be authorized to operate only at a certain times 
of the year. This definition of exclusion zones 
aims to increase the profitability of fisheries, by 
restricting the access of vessels to specific areas, 
in a rotational system, without closing down the 
fisheries altogether. In a continuous system, the 
vessels have free access to the fishing grounds 
throughout the year, except during the closed 
season. In a rotational system, by contrast, 
the fishing zones are divided into quadrants, 
which alternate between periods of fishing 
and resting, rather than a complete shutdown 
of the fisheries. This system allows stocks to 
recuperate within the protected zones, which 
are defined here as a Rotating Protection Area.

The Rotating Protection Areas (RPA) will be 
divided into four quadrants. Each quadrant of an 
RPA represents approximately 25% of the total 
area. The definition of the quadrants will be 
based on the analysis of the PREPS data, which 
define the areas in which the fleet was most 
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active during a given period. Trawling activity 
will be identified from the PREPS data according 
to the speed of the vessel, which is different 
when the vessel is cruising or searching for 
fish. Although using the speed of the vessel 
as a proxy for its operational status implies a 
certain potential for methodological error (i.e., 
the misidentification of its status), this problem 
appears to have been negligible, given the large 
amount of data on the trawling activity. Given 
this way, the method is considered to have been 
reliable for the purposes of the present study.

To implement a rotational fishing system, it 
is necessary to establish the fishing cycle, i.e., the 
occupation and rest periods to be adopted, and 
the freeways or “innocent passage” corridors 
for the transit of the vessels. This facilitates 
inventory management and ensures the better 
exploitation of the available space.

The occupation period (OP) is the time a 
vessel can operate in a quadrant in which fishing 
has been authorized. The OP will depend on 
the growth rate of the target species and other 
fishery resources available within the RPA. The 
duration of the OP must be compatible with the 
stocking rate. The longer the vessels remain in a 
quadrant, the greater the need for the control of 
stocks and infrastructure. In areas in which fish 
growth rates are high, then, the occupation and 
rest periods should be shorter.

In larger areas with smaller stocks, these 
periods may be extended, but they should 
never exceed the optimum limit. Rest areas 
are areas in which fishing is prohibited under 
any circumstances while stocks recover. One of 
the principal questions for the establishment of 
fishing and resting areas is the definition of the 
dimension of the areas. Rest areas located in 
the center of the system should occupy smaller 
quadrants, while those in more peripheral areas 
should be larger.

The fishery production in the different areas 
should be taken into account for the definition 
of the fishing and resting periods. Changes in 
the quadrants should be avoided as they may 
interrupt the recuperation of the stocks and 
lead to stock depletion. Quadrant degradation 
is an evolutionary process that involves a loss 
of vigor, productivity, and the natural resilience 
of that quadrant, which impedes the attainment 
of the production and quality levels necessary 
for it to be released for fishing. It is important 
to note that the zoning approach proposed in 
the present study is unprecedented, and that 
this proposal should be revised and updated 
according to the empirical results of the study.

RESULTS AND DISCUSSION
Analysis of the data from the onboard maps
A total of 10,467 trawls were processed between 
2008 and 2011, of which 7,216 were pair trawls 
and 3,251 trail trawls. Trawls registered during 
the study period had a mean duration of 5.1 
hours (range 1-8 h) and were divided into classes 
of two hours for analysis (Table I), through their 
respective percentages. Most of the trawls 
(56.41%) lasted between 4.1 and 6 hours, while 
only 3.60% lasted less than 2 hours. The other 
two duration classes (2.1-4 and 6.1-8 hours) 
both accounted for around a fifth of the 
records. Mourão et al. (2007) also found that 
trawls for piramutaba typically lasted between 
4 and 6 hours, while Barthem et al. (2015) 
recorded a mean duration of 3.4 hours (range 
1.08–6.23 hours) in their study of piramutaba 
fishery management in the Amazonian estuary.

The standard error of the mean monthly 
CPUEs was also calculated (Figure 2). These data 
were treated using a pivot table to facilitate the 
analysis and comprehension of the information. 
In general, the standard errors of the mean 
CPUEs are relatively small, which supports the 
application of CPUE1 as an adequate estimate of 
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the relative abundance of the piramutaba, given 
that Petrere Junior et al. (2010) recommended 
the application of this parameter where the 
fleet is relatively homogeneous in terms of 
the size of the vessels and the duration of the 
fishery operations.

A total of 1897 piramutaba trawls were 
analyzed in 2008, with an annual mean CPUE 
of 174.33 kg/hdec.net. The highest CPUEs were 
recorded between May and September, with 
values of 336.03 (May), 340.06 (June), 327.61 (July), 
315.16 (August), and 178.42 (September). In 2009, 
the mean CPUE for a total of 4958 trawls 
was 170.02 kg/hdec.net, with the highest 
CPUEs (202.75-298.26) being recorded between 
February and July. In 2010, a total of 3410 trawls 
were catalogued, with a mean annual CPUE 
of 177.17 kg/hdec.net, and the highest CPUEs 
being recorded during the first half of the year, 
ranging from 224.56 in January, 278.85 in April, 
and 252.83 in June, increasing to 324.88 in March 
and 327.16 in February, and peaking at 439.25 in 
May. In 2011, it was only possible to monitor 
202 trawls, with records being obtained up to 
September. The mean CPUE for this period 
was 324.74 kg/hdec.net, with peak values 
being recorded in April (453.13) and July (367.00) 
(Supplementary Material - Table SI).

Clearly, the maximum productivity coincided 
primarily with the months of the first half of 
the year, while the lowest CPUEs were recorded 
mainly during the closed season (Figure 2). While 
the CPUE oscillated considerably among months, 
no significant temporal trend, reflecting either 
increasing or decreasing yields, was found across 

the four years analysed here (Mann-Kendall test: 
Z = 1.5677; p = 0.1695). However, the observed 
pattern of oscillation was investigated further 
to elucidate the periodicity in the variation of 
the piramutaba CPUE over time. The spectral 
analysis using Lomb’s periodogram (Press et 
al. 1992), where the power axis is given in units 
proportional to the sinusoids present in the data, 
showed that the highest peak of the spectrum 
had a frequency of 0.09191 (power = 11.7), a 
significant value (p <0.001), with a periodicity 
of 10.87 months (Figure 3, arrow). However, other 
values were also significant (power = 8.85; p 
<0.01 and power = 7.21, p <0.05; red dotted lines 
in Figure 3), with a periodicity of between 10 
and 12 months, indicating that the variation in 
the pyramidal CPUE reflected a well-defined and 
constant cycle of approximately one year. This 
is consistent with the study of Barthem (1990), 
who recorded annual growth, migration, and 
hydrological cycles in B. vaillantii.

Given the clear annual cycle in the yields 
of the piramutaba, the potential environmental 
factors that may determine this cycle were 
investigated. As a baseline hypothesis, given 
the fundamental role of the Amazon River in 
the distribution, abundance and recruitment 
of the piramutaba, changes in rainfall and 
the discharge of the river would be expected 
to influence the migration and predominance 
of these catfish on the north coast through the 
expansion of its niche during the flood period, 
and its retraction during low water. The climatic 
events include El Niño and La Niña, which 
modify rainfall patterns significantly in the 

Table I. Duration of the trawls conducted by the piramutaba (Brachyplatystoma vaillantii) trawler fleet operating 
off the north coast of Brazil, between 2008 and 2011, based on the onboard maps of the fishing vessels.

Class Duration (hours) Number of samples Mean duration (%)

1st 1 ~ 2 377 1.7 3.60

2nd 2.1 ~ 4 2,284 3.5 21.82

3rd 4.1 ~ 6 5,904 5.4 56.41

4th 6.1 ~ 8 1,902 7.0 18.17

Total 10,467 5.1 100
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Amazon basin (Marengo et al. 2008), causing 
extreme fluctuations in rainfall levels, which 
modify the timing and intensity of the flood 
pulse (Lin et al. 2017).

Precipitation and evapotranspiration 
patterns, and temperature are affected by both El 
Niño and La Niña events, in particular through 
the alteration of precipitation patterns (Moura 
et al. 2019). During La Niña events, the rainy 
season is more intense, with higher than 
normal precipitation levels, while during El Niño 
events, the dry season is more intense, with 
less precipitation than normal. An additional 
question related to this hypothesis would be for 
how long one of these extreme weather events 
would influence precipitation patterns and river 
discharge, and, in turn, the productivity of the 
piramutaba of the the north coast. Matsunaga 
et al. (2017) analyzed the relationship between 
precipitation and river discharge on the 
north coast and the CPUE of the pirazutaba 
fishery through a production surplus model 
that incorporated these two factors, showing 
that the river flow contributed 56% of the 
variability in the CPUE, and precipitation, 46%.

Based on these considerations, the mean 
piramutaba CPUE was correlated with El Niño 
index 3.4. (mean sea surface temperature 
anomalies in the equatorial Pacific), mean 
monthly rainfall (mm), and mean monthly river 
discharge (m3.s-1), with the latter two variables 
being relevant between February 2008 and 
December 2010. The cross-correlation between 
the mean piramutaba CPUE and El Niño 3.4 index 
was significantly negative (r = -0.77; p <0.001), 
albeit with a time lag of 15 months. That is, after 
the index was lowest (negative anomalies in La 
Niña), which were recorded in early 2008, the 
piramutaba CPUE increased 15 months later, in 
the first half of 2009. Similarly, the peak in the 
index at the end of 2009 would correspond to 
the lowest CPUE values observed in the second 
half of 2010 (Figure 4). After peaking, the index 
declined sharply throughout 2010, resulting 
in an increase in the CPUE the following year, 

culminating in the peak observed in May 2011. 
It is important to note that, during the period 
of analysis of the CPUE (Figure 4), two La Niña 
events were detected, interspersed with an El 
Niño event, as well as periods when neither 
phenomenon was active (Moura et al. 2019).

The piramutaba CPUE was also correlated 
significantly with monthly rainfall (r = 0.89; 
p<0.001), albeit with a 12-month time lag, that 
is, 12 month after an increase rainfall over the 
continent, there was an increase in CPUE on the 
coast. Similarly, there was a highly significant 
correlation (r = 0.87; p <0.001) between the CPUE 
and the mean discharge of the Amazon River, 
but once again, with a time lag of 11 months. 
This successive decrease in the time lag time 
between the variables and the CPUE was as 
expected, given the link between the different 
processes. The peaks in the piramutaba CPUE 
were preceded by peaks in rainfall and river 
discharge by 11-12 months, with extreme climatic 
events having an effect on a broader time scale 
(Figure 4). Overall, then, the piramutaba fishery 
was influenced positively by increases in rainfall 
and the outflow of the Amazon River, although 
the intensity of these processes is modulated, 
in turn, by La Ninã and El Niño. In La Niña years, 
in particular, the increase in rainfall and the 
associated increase in river discharge, had a 
positive effect on the piramutaba harvest on 
the northern coast of Brazil. The greatest peaks 
in the outflow of the Amazon River was recorded 
between May and June 2008 (264 m³.s-1), from 
April through July, in 2009 (276 m³.s-1), and in May 
and June 2010 (240 m³.s-1). In 2008, the highest 
mean precipitation in Pará was recorded in 
March (432.1 mm) and April (396.2 mm). In 2009, 
the highest mean (510.9 mm) was recorded in 
May, while in 2010, it was recorded in April (383.8 
mm) (Table SII).
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Figure 2. Variation of CPUE 1 average per month of Brachyplatyatoma vaillantii, from February 2008 to September 
2011. 

Figure 3. Lomb 
periodogram 
of the CPUE of 
Brachyplatystoma 
vaillantii showing 
a peak at a 
frequency of 0.0919 
(period=~10.87 
months). The dotted 
red lines show the 
significance tests 
of 0.01 (lower) and 
0.05 (upper) through 
comparison with 
white noise.
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Preps data
Geographic positioning data were obtained 
from 40 piramutaba fishing vessels between 
2008 and 2011 (Table II). Relative density maps 
were prepared based on the 1,979,305 PREPS 
data points, covering both the normal fishing 
period and the closed season, in order to identify 
the principal areas in which the piramutaba fleet 
operates on the north coast of Brazil. The show 
clearly that the operations of the industrial 
pirmutaba fleet had a similar dynamic during 
each of the four years analyzed (Figures 5a-d 
and 6a-d). During the fishing season, the fleet 
operates throughout the Amazon estuary (from 
the Amapá coast to the mouth of the Pará 
River). During the closed season, by contrast, it 
disperses to areas further from the coast and 
operated in a less concentrated pattern, due 
to the shutdown of vessels and the temporary 
authorisation for the harvesting of species other 
than B. vaillantii. 

During both the B. vaillantii fishing season 
and the closed season, the vessels operate in 
the area between latitudes 00º N and 02° N 
and longitudes 047º40’ W and 049º40’ W. It is 
important to note here that, during both periods, 

the vessels operate within the natural breeding 
grounds of the estuaries of the Amazon and Pará 
rivers (an area prohibited by SUDEPE ordinance 
no. 11 of 1987). Barthem et al. (2015) explained 
that ship masters have difficulty recognizing 
these areas, due to migration of sandbars or 
the inclusion of islands on the maps used for 
navigational calculations. Sandbars are highly 
dynamic (migrating at rates of 1.63–2.6 km.year 
-1) and the precision of the delimitation of these 
areas depends fundamentally on the accuracy of 
the available maps (Fernandes 2010).

The fishing zones were delimited based on 
the density of fishing records of the vessels, 
obtained by estimating the Kernel density. The 
darker red areas of the PREPS map indicate   
the highest relative density of B. vaillantii fishing 
activity during the respective period. The spatial 
distribution of the piramutaba fishing effort was 
used to delimit an RPA (rotating protection area), 
which was divided into four quadrants. The 
four quadrants have equal dimensions and are 
inserted between latitudes 00º N and 02° N and 
longitudes 047º40’ W and 049º40’ W.

Monthly maps were then prepared for 
each study year to verify the fishing effort in 

Figure 4. Variation 1 CPUE average per month B. vaillantii, El Nino index variation 3.4 along the time series and the 
variation of the average rainfall and the Amazon river flow along the time series. Months in blue = La Niña event; 
months in black = neutral; months in red = El Niño event.
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each zone, in order to define the position of the 
quadrants and the zoning rotation. Based on the 
surface area of the relative density of fishing 
activity records collected between 2008 and 
2011, it was possible to identify the principal 
fishing areas exploited by the piramutaba fleet 
on the north coast of Brazil in each month of 
the year (Figures 7, 8, 9, and 10). Based on these 
maps, the quadrants were numbered, and their 
geographical position was delimited within 
the RPA (Table III). The results of this analysis 
indicate that the 3rd quadrant defined for the 
zoning can be excluded from the rotary fishing 
system, given that no major concentrations of 
fishing activity was observed in this area, which 
was probably due to the fact that almost all of 
the area of this quadrant is more than 25 meters 
deep. Given this, the quadrant was defined as 
a corridor of innocent passage for the fishing 
vessels. This leaves quadrants 1, 2, and 4 for 
fishery zoning. The spatiotemporal analysis 
of the PREPS data for the pair trawling that 
operates off northern Brazil conducted by the 
Ministry of Fisheries and Agriculture for 2008 
and 2009 revealed a fishing area of intense use, 
with three major concentrations of density 
in both years. This distribution pattern is in 
consistent with the results of the present study.

Overall, the results of the analysis of data 
on the B. vaillantii fisheries on the north coast 
of Brazil indicated a general pattern of a peak in 
the mean piramutaba CPUE during the period 
of greatest discharge of the Amazon River, 
declining during the closed season, and 
increasing immediately after this period, from 
December onward. These data are consistent 
with the spatiotemporal distribution of the 
PREPS data. During the peak of the Amazon 
discharge, the greatest fishing density was 
recorded in the 2nd zoning quadrant, at the 
mouth of the Amazon River, off the coast of 
Amapá from 2008 to 2011. During the piramutaba 

closed season, the vessels were more active in 
the 4th zoning quadrant, from 2008 to 2011.

The spatiotemporal distribution of the 
fishing activity of the vessels tracked by PREPS 
shifts among the different periods of the year. 
To define the fishing cycle, the areas in which 
the fleet was most active during each period 
was identified, to determine the duration of 
the occupation and the rest period for each 
quadrant. Zoning rotation was defined following 
the monthly chronology of fishery activity, 
beginning in December of the previous year and 
continuing through the subsequent year. The 
analysis of the monthly pattern of occupation 
permitted the proposal of a quadrimester cycle 
in the three quadrants as follows (Figure 11):

•	 1st quadrant: December, January, February, 
and March;

•	 2nd quadrant: April, May, June, and July;
•	 4th quadrant: August, September, October, 

and November.
This scheme allows for four months of 

fishing activity (occupation period) in each 
quadrant, followed by eight months of rest for 
stock recovery (this phase is reached at the end 
of the first annual revolving cycle). During the 
period when piramutaba fishing is permitted 
in the 1st quadrant, it will be prohibited in the 
2nd and 4th quadrants, to allow the biomass 
to recover in these zones. At the end of this 
period, the cycle will be repeated, with fishing 
being permitted for four months in the 2nd 
quadrant and prohibited in the 1st and 4th 
quadrants.  In the last quadrimester, fishing 
will be permitted in the 4th quadrant, and 
prohibited in the 1st and 2nd quadrants. In 
this scheme, each quadrant will be fished for 
four months and left to rest for stock recovery 
for eight continuous months over the annual 
rotational cycle. At the end of the year, the whole 
cycle should be repeated in the same order.
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Table II. Number of vessels tracked by PREPS between 2008 and 2011.

Months
NUMBER OF VESSELS

2008 2009 2010 2011

January 33 39 40 26

February 36 37 39 34

March 35 39 37 35

April 36 38 37 35

May 36 38 34 34

June 37 39 34 35

July 37 39 34 35

August 34 29 32 34

Cl
os

ed
 S

ea
so

n September 14 22 20 27

October 19 16 8 12

November 14 25 15 11

December 38 37 21 28

CONCLUSIONS

The analysis of climatic phenomena and 
their influence on fishery productivity was 
fundamental to the understanding of the 
fluctuations in the piramutaba catches over 
time. The PREPS data logging proved to be 
extremely useful for the characterization of 
fishing activities, providing important input 
for fishery planning through the real-time 
monitoring of fishing vessels, which provided 
accurate data on the geographical location of 
vessels. This approach to fishery zoning proved 
effective for the definition of the configuration 
of the zones and the resting areas, and should 
be considered as an option for the management 

of fisheries in general, including species other 
than B. vaillantii, with modifications to ensure 
the adequacy of the approach for each species 
or region. It is important to note that any 
zoning will not be permanent and should be 
evaluated annually and adjusted as necessary. 
These findings constitute an important 
potential tool for the development of effective 
regional environmental policies for the B. 
vaillantii fisheries of the north coast of Brazil. 
This should enable the state to both promote 
the development of these fisheries while also 
ensuring the quality of the environment, and 
the social and economic development of the 
region.
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Figure 5. Dynamics of the industrial fleet capturing B. vaillantii and relative density of fishing activity from 2008 
(Figures. a and b) to 2009 (Figures. c and d); in the normal period and in the species closure period. The segment 
outlined in red shows the total area within which the piramutaba trawling fleet operates.
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Figure 6. Dynamics of the industrial fleet capturing B. vaillantii and relative density of fishing activity from 
2010 (Figures. a and b) to 2011 (Figures c and d); in the normal period and in the closed period of the species. The 
segment outlined in red shows the total area within which the piramutaba trawling fleet operates.
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Figure 7. Relative density of fishing activity during the months of 2008 and fishing fleet dynamics divided by 
quadrant.

Figure 8. Relative density of fishing activity during the months of 2009 and fishing fleet dynamics divided by 
quadrant.
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Figure 10.  Relative density of fishing activity during the months of 2011 and fishing fleet dynamics 
divided by quadrant.

Figure 9. Relative density of fishing activity during the months of 2010 and fishing fleet dynamics divided 
by quadrant.
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