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ABSTRACT

The present study aims to investigate the variability of catches by trawling fleet vessels licensed to operate under
the 'diverse fish' license in relation to the depth gradient and the hydrological cycle of the Amazon River. For
this purpose, vessels operating in this category were accompanied by on-board observers on the inner Amazon
shelf, during January, April and July 2013 and in April, May, August and September 2014. A total of 115,505 kg
of fish was harvested, distributed among 22 species. The flood period was the most representative, with a total
of 43,122 kg, followed by the ebb period (28,749 kg), the rainy period (23,171 kg) and the dry period (20,424
kg). Kingfish (Macrodon ancylodon) was the most abundant fish in all seasons (79.7%). Significant differences
were observed in fish composition in relation to the depth gradient and hydrodynamics of the Amazon River,
with higher richness and diversity (Margalef index) during flood periods and at greater depths throughout the
study period. We also observed a significant interaction between river flow and depth category, with more
diversified fish fauna attributed to ebbs and floods in shallow and deep waters at the mouth of the Amazon
River. Considering that the license for 'diverse fish' was established as an alternative to fishing for marine shrimp
in closed season, the need for effective monitoring of this fishing system is reiterated for an efficient assessment
of the impacts in the fish community structure.

Descriptors: Bycatch, Fish diversity, Fishery regulation, Macrodon ancylodon.

et al., 2002), generating income, jobs and food se-
curity for millions of people (UNEP, 2011). Since
the 1960s, trawl fishing has been widely used in
the northern coastal region of Brazil and on the in-
ner Amazon shelf, producing a high impact on in

INTRODUCTION

Biological production in inshore fisheries sup-
ports more than 90% of global fish catches (Pauly
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this region (Nébrega et al., 2021). Even so, it con-
tinues to have very rich ichthyofauna compared
to other tropical regions in the world (Stobutzki et
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al., 2001; Tonks et al., 2008; Nobrega et al., 2021).
Currently, the laulao catfish, Brachyplatystoma vail-
lantii (Valenciennes, 1940), and the southern brown
shrimp, Farfantepenaeus subtilis (Pérez Farfante,
1967), are the main targets of this industry (Isaac
et al., 2009; Bentes et al., 2012; Klautau et al., 2016).
The industrial fisheries in northern Brazil operate
with nets of low selectivity, such as bottom trawls,
which retain a significant number of bycatch species
(Pinheiro and Frédou, 2004), distributed in 52 taxa
of osteichthyes and cartilaginous fish included in 22
families (Jimenez et al., 2013). This problem is espe-
cially pronounced in the shrimp fisheries.

Seeking to reduce such an impact, the Brazilian
Ministry of Fisheries and Aquaculture (MPA) estab-
lished a ban season for motorized shrimp trawling
through an Interministerial Normative instruc-
tion (No. 14, October 31, 2011), which lasted from
December 15, 2011 to February 15, 2012. With the
ban period of shrimp fishing and to guarantee
the continuity of fish production by the fishing in-
dustry, it was necessary to create a new category
of industrial fishing by the government, known
as ‘License for bottom trawling for diverse fishes’
(IN Interministerial Normative instruction n° 2 of
January 15, 2010).

The fleet is licensed to operate within an area that
extends between the Brazil-French Guiana boundary
(demarcated by the rhumb line with a true azimuth of
41030; originating at 4°30’30”N, 51°38'12"W) and the
Piaui-Ceard Brazilian state boundaryregion (41°12'W).
This area was subsequently divided into two zones (|
and Il) through Interministerial Normative Instruction
No. 13, September 18, 2013. Currently, the fleet con-
sists of 14 vessels licensed by the MPA for this type of
trawling (for ‘diverse fishes’ on the Amazon continen-
tal shelf), which operate throughout the year (Silva
et al., 2014). This system is the product of the present
management model adopted by the extinct Ministry
of Fisheries and Aquaculture (MPA) and the current
Ministry of the Environment (MMA), which has based
its decisions on discussion in the Commission for
Shared Fishery Resource Management Techniques
(CTGP). Despite the implementation of the license,
little is known of the fishery technique it regulates,
and the impacts of this technique on the target spe-
cies are poorly defined.

Bottom trawling effects on coastal Amazon fisheries

The impacts of trawling can be seen in the varia-
tion in abundance, richness and trophic structure in
the fish community (Fulton et al. 2005), leading to
loss of diversity with weakening of ecosystem struc-
ture (Buhl-Mortensen et al. 2016). Fishing is known
to impact fish communities through the selective
removal of the target species, the bycatch of non-
target species, and habitat modifications, resulting
in a reduction of total biomass, changes in species
composition and the size structure of the popula-
tions (Pauly et al., 2003). Trawling tends to provoke
a decline in the abundance of large, long-lived fish,
such as elasmobranchs, and some other smaller fish
(e.g. Mugilidae), and an increase in shrimp and squid
(Bianchi et al., 2000).

This high complexity is associated with the de-
fined physical conditions on the Amazon continen-
tal shelf, due to: a) the large amount of sediment
exported from the Amazon River to the sea and the
variability of the Amazon River plume; b) variation
of physical parameters such as temperature, salinity,
turbulence and mixing layer depth; c) action of trade
winds, coastal dynamics and macro tide dynamics
(Nittrouer et al. 1986; Geyer et al. 1996; Molleri et al.
2010; Moura et al. 2016). The large volume of fresh-
water and continental sediments discharged into the
inner Amazon platform affects the local action of the
tidal regime, oceanic currents and several oceano-
graphic processes, with a direct impact on the com-
position of biota and regional ecosystems (Marceniuk
et al.,, 2013). Nébrega et al. (2021), analyzing inverte-
brate assemblages on the Amazon coast, found that
species richness variability is related to temperature,
depth and lunar phase. The Amazon shelf stands out
for its semidiurnal macrotide and strong tidal cur-
rents with great biweekly variability, and tidal am-
plitudes at the mouth of the Amazon River of more
than 3 m (Perillo et al., 1999; Gibbs, 1982). The tidal
cycle influences the interaction of tidal currents and
Amazon River discharge on sediment and nutrient
transport (Bearsley et al., 1995).

The present study investigated the assemblage
structure of fishery resources impacted by the
current trawling system with licensed bottom trawl-
ers for ‘diverse fish’ on the inner Amazon shelf and
determined possible correlations of abundance, rich-
ness, and diversity with the seasons of Amazon River
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hydrological cycle and depth gradient. This research
provides information on changes in fish community
structure, showing priorities for future research on
the exploitation of species living in the Amazon estu-
ary and inner shelf, aiming at building strategies for
mitigating the pressure on these species, especially
the most vulnerable.

METHODS

STUDY AREA

The coordinates of the study area are
01°11"11"N - 00°46'31"S of latitude and 49°01'00"W
- 46°25'59"W of longitude, located on the inner
Amazon shelf, close to the Amazon River mouth,
corresponding to an area of 67,000 km? (Fig. 1).
This area has a lightly sloping topography. Several
physical processes on the inner Amazon shelf and
Amazon river hydrologic cycle influence transport,
destination of sediments, biotic material and nu-
trients on the inner Amazon shelf. The Amazon
River plume has an anomalous dynamical behavior
(Lentz, 1995a). The Amazonian inner shelf area is
influenced by the discharge of the Amazon River,
which has the largest freshwater discharge in the

Bottom trawling effects on coastal Amazon fisheries

world (Masson and Delecluse 2001). The hydrog-
raphy of the Amazonian shelf is dominated by a
surface plume water formed as freshwater from
the Amazon River mixes with high salinity adja-
cent ocean water (Geyer et al., 1991; Castro et al.,
2006). The Amazon River plume has an anomalous
behavior and extends for 1000 km northwest of
the North Atlantic and spreads eastward 200-300
km from June to December and 400-500 km from
March to May, when the river reaches its highest
freshwater discharge (Gibbs, 1970; Muller-Karger
et al., 1988; Lentz, 1995b).

The predominant wind in the region are the
tradewinds, and the local wind stress along the coast
is the conditioning factor of subtidal current variabil-
ity (Lentz, 1995b). The maximum wind stress occurs
from December to April and influences the flow of the
Amazon River water and sediment over the shelf (Lentz,
1995b; Aller and Stupakoff, 1996). In addition to the
large freshwater input, high of amounts sediment are
discharged from the river and deposited as fluid mud
on the inner Amazon shelf. The mud extends along
the coast to the northwest, covering extensive areas of
the inner and middle Amazon shelf (Geyer et al.,, 1996;
Kineke and Sternberg, 1995). Changes in freshwater

Figure1. Operational area of the industrial trawler fleet in the inner Amazon shelf. The triangles indicate the georeferenced sites at which data
were collected on board vessels of the industrial fleet operating with bottom trawls.
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content and transport on the inner Amazon shelf affect
water affect water residence time in the Amazon estuary
(Geyer et al., 1991).

Along the mouth of the Amazon River, the salin-
ity structure resembles an estuarine saline wedge
that is not confined laterally to a river channel, as
in typical salt wedge estuaries. Salinity variations
represent changes of the first order in the total
freshwater content of the shelf on much shorter
time scales than the seasonal variability in the
river flow. Also, semi-diurnal macro tides produce
the strongest currents over the shelf, which can
reach speeds of 200 cm s in the surface waters of
the frontal zone, between river and ocean water
(Beardsiey et al., 1995). Near-bottom subtidal flow
is considerably weaker (O-20 cm s') and variable
(Lentz, 1995b; Geyer and Kineke, 1994).

SAMPLES

Data were collected by observers aboard ves-
sels licensed to capture a diversity of fish spe-
cies on the Amazon continental shelf in January,
April and July 2013 and April, May, August and
September 2014, by the Northern Biodiversity
Research and Conservation Center (CEPNOR /
ICMBio), with a total of 227 fishing hauls (Table
1). While on board, observers collected data on
fishing operations and catch composition, includ-
ing records of the haul date, depth, zone, route,
duration, latitude and longitude, start and end of
each haul, the common name of the species, and
the volume of catch and bycatch. The diversity of
fish was verified after emptying the nets on the
boat decks. The sampling unit used was the trawl
and they were tested between seasons and depth
classes.

Bottom trawling effects on coastal Amazon fisheries

DATA PROCESSING

Species identification was based on the com-
parison of specimens collected in situ with special-
ized studies (Cervigdn et al.,, 1993; Figueiredo and
Menezes, 2000; Szpilman, 2000). The data were com-
piled in spreadsheets, organized by depth class, with
four classes: DC 1 (20-25 m), DC 2 (25-30 m), DC 3
(30-35 m), and DC 4 (35-40 m). To determine the
depth class, it was assumed that there was no record
for any depth shallower than 20 m or deeper than 40
m, based on the local knowledge of bottom trawlers.

ANALYSIS

Species richness (S) is the number of species in a
community. Ecological diversity was assessed using
the Margalef (d) index. The Margalef index estimates
the numerical distribution of individuals of different
species as a function of the total number of individu-
als in the sample. Diversity includes equitability as-
sociated with species richness. As our sampling de-
sign was explicitly unbalanced, because the hauls
were made through the authorized commercial fleet,
a "Permutational Multivariate Analysis of Variance"
(PERMANOVA; Anderson, 2001; Anderson et al., 2008)
was used to test for variation in the composition
of the fish assemblage among the different depth
zones and discharge categories of the Amazon River
(drought, wet, flood, and ebb). The statistical signifi-
cance of this analysis was tested using 9999 permuta-
tions of the residuals in a reduced model and Type Il
(partial) sums of squares (SS; Anderson et al., 2008).
The PERMANOVA were run using a Bray-Curtis similar-
ity matrix calculated for the fourth root transformed
catch data. Significant (p < 0.05) differences in river
discharge and depth were investigated further using
Multidimensional Scaling Analysis (MDS; Anderson

Table 1. Year, month, number of hauls and trawling time in hours by the industrial fishery fleets that operate in the

inner Amazon shelf.

Year Month Number of hauls Trawling time (h)
2013 January 63 125.6
2013 April 34 40.5
2013 July 27 55.3
2014 April 34 69.0
2014 May 20 40.5
2014 August 19 42.5
2014 September 30 61.5
Total 227 434.9
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and Willis, 2003). To assess the distribution of spe-
cies among the river discharge and depth, a shade
plot was produced by clustering the samples on
the x-axis based on Bray-Curtis similarity. Statistical
analyses were run in PRIMER version 7.0.11 with the
PERMANOVA+ add-on (Anderson et al., 2008; Clarke
et al., 2014; Clarke and Gorley, 2015).

RESULTS

Atotal of 115,505 kg of fish was harvested, distrib-
uted among 22 species (Table 2). The Amazon river
flood season returned the largest catch, with a total
of 43,122 kg, followed by the ebb period (28,749 kg),
wet period (23,171 kg) and the dry season (20,424
kg). The king weakfish (Macrodon ancylodon) was the
most abundant fish in all seasons (79.7% of the total
biomass captured). The second most abundant spe-
cies in the dry season was Cynoscion virescens, while
Bagre bagre was the second most abundant in the
flood, Plagioscion surinamensis in the ebb and Aspistor
quadriscutis in the wet period. The Elasmobranchs
(sharks and rays) of the families Carcharhinidae and
Dasyatidae accounted for less than 0.5% of the total
catch. Shark were caught in all seasons, the highest
percentage biomass was recorded in the wet sea-
son, while the ray catch was highest at the ebb river
period. Some species, such as Lutjanus sinagris were
caught only at the beginning of the flood season.
Others such as Chaetodipterus faber were caught in
the flood and dry seasons. Grey mullets (Mugilidae),
by contrast, were mainly caught in the wet season,
with less catch in the flood period (Table 2). Richness,
the Margalef index (diversity) and biomass were
higher in the flood periods and at greater depths
throughout the study period (Table 3).

Multivariate PERMANOVA revealed significant dif-
ferences in the composition of the fish assemblages
(p < 0.001) among the four river discharge seasons
(Table 4). Pairwise comparisons across depth levels
revealed subtle (graphical) differences in the fish
assemblage composition between depths, whilst
across the Amazon river discharge all fish assemblage
compositions differed significantly in multivariate
pairwise comparisons (most with P < 0.01). There was
significant interaction for river discharge vs. depth
category (Table 4) with more diversified fish fauna as-
signed to ebb and flood located in shallow and deep
water in Amazon river mouth (Fig. 2).

Bottom trawling effects on coastal Amazon fisheries

Different species, even within the same family,
presented varying degrees of ‘habitat’ partitioning,
considering the factors tested (Fig. 2). In the case
of the Ariidae and Sciaenidae, for example, Sciades
quadriscutis, Sciades grandicassis and Bagre bagre
were most often associated with the wet season in all
depth categories, while Plagioscion magdalenae and
Cynoscion acoupa were associated predominantly
with transitional periods from CP2 to CP4. In contrast,
Macrodon ancylodon was captured in all seasonal
periods and depths. The shade plot that combines
the two cluster analyses of the fish assemblage data
identified three separate groups (top dendrogram)
and three principal groups (left dendrogram) of fish
taxa with similar season and depth associations (Fig.
2).

Habitat arrangement in the multivariate space
clearly revealed a separation along the MDS1 and
MDS2 axis, into river discharge seasons (Fig. 3).
Moreover, the MDS ordination indicated that the dry
season hosted a distinct assemblage of marine fishes,
isolated with little overlap with the flood period. A
similar, but less exclusive grouping was formed by
the transitional seasons (flood and ebb).

DISCUSSION

Kelleher (2005) estimated that approximately
seven million tons of bycatch are discarded per year
by fisheries around the world. Considering marine
and estuarine fisheries in the northern Brazilian
coastal region, it was estimated that more than 30
thousand tons of bycatch/year are discarded, mainly
in trawl fisheries (Isaac, 1998). The practice of non-
selective fisheries, such as bottom trawling, leads to
the accidental bycatch of juvenile individuals and en-
dangered species of commercial and ecological rel-
evance (Alverson et al., 1994; Kenelly, 1995; Lewison
et al, 2004; Jimenez et al., 2013). This may modify the
composition and structure of these populations, with
loss of biodiversity (Lewison et al., 2004; Stobutski et
al., 2003), especially in ecologically sensitive species
(Hall et al., 2000; Hall and Mainprize, 2005; Jimenez et
al.2016; Nébrega et al., 2021). Industrial bottom trawl
fishing on the north coast of Brazil has been operat-
ing continuously for a long time.

The Amazon River, being a saline wedge-type es-
tuary outside the mouth of the river, is subject to en-
vironment modifications according to the phases of
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Table 3. Details of fish catches recorded during the period analyzed considering the Amazon River seasons (flood, wet,
ebb and dry), depth classes (CP) and richness (S), biomass kg and Margalef diversity index (d)). CP1 = 20 - 25m; CP2 =

25-30m; CP3 =30-35m; CP4 =35-40m.

Amazon River season Depth S Biomass (kg) d
CP1 0 0 0
CP2 14 2,872 1.63
FLOOD
CP3 14 12,246 1.38
CP4 22 28,908 2.04
CP1 10 1,160 1.28
CP2 14 3,304 1.60
WET
CP3 22 8,071.80 233
CP4 17 10,890 1.72
CP1 15 6,243 1.60
CP2 14 8,603 1.43
EBB
CP3 9 10,466 0.86
CP4 12 3,463 1.35
CP1 0 0 0
CP2 0 0 0
DRY
CP3 12 15,419 1.14
CP4 10 5,005 1.06

Table 4. PERMANOVA results of the fish species composition caught out in the Amazon shelf according to season (SE),
depth (DE) and the interaction between season and depth (SE x DE). df: degrees of freedom, SS: sum of squares, MS:

mean of squares, P(perm): probability.

Source df SS Ms Pseudo-F P(perm) Unique perms
SE 3 37,976.00 12,659.00 11.13 0.00 9,998
DE 3 3,149.30 1,049.80 1541 0.07 9,998
SE x DE 6 7,348.30 1,224.70 1.80 0.07 9,998
Residual 214 1.46E + 05 681.14
Total 226 2.11E+05

the hydrological cycle. Large amounts of sediments
and organic and inorganic particles are frequently re-
leased onto the inner Amazon shelf. The saline wedge
exports freshwater at the surface of the inner Amazon
shelf, with an intermediate layer of fresh-salt water
mixture and a salt layer near the bottom. The vari-
ability of turbulent local processes also contributes
to the distribution of fisheries resources. Each species
has an optimal environment of salinity, temperature
and turbulence for the survival and development. In
wet and flood seasons, with increased freshwater dis-
charge and expansion of the Amazon River estuary,
freshwater species tend to reach coastal areas. In the
dry season, the Amazon River estuary retracts, with a
consequent increase in salinity, allowing marine spe-
cies to occur in the inner estuarine region (Barthem,

1985; Jimenez, 2013), as also observed in this study.
Our results are compatible with the main target spe-
cies caught with the “diverse fishes” fishing license
given to the fishing vessels of the bottom trawl fleet
operating in the inner Amazon shelf. Species with
greater tolerance for environmental variability, such
as Macrodon ancylodon, tend to be present through-
out the year in the catches.

The industrial fishery system analyzed in the
present study raises important questions on the
non-selectivity of the fishing gear, and the direct or
indirect effects this may have on the structure of the
biological community. Bottom trawling can lead to
overfishing because it is not selective and discards
too many dead fish. Overfishing by bottom trawls is a
direct threat to local fishing communities, decreasing

Ocean and Coastal Research 2021, v69:e21023 7
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Figure 2. Shade plot of the distribution of fish species landed by license for diverse fishery in mouth of the Amazon River among the four
groups of discharge (top dendrogram), showing the three groups (left cluster) of the fish species and their depth category association. The
color gradient from dark (strong correlation) to soft yellow (weak correlation) indicates the strength of species season and depth association.

Figure 3. Multidimensional scaling biplot and comparing the structure of fish communities on landed by license for diverse fishery in mouth

of the Amazon River among the four groups of river discharge.

the abundance of adult species and reducing the po-
tential for population recruitment (Stiles et al., 2010).
In Indonesia, for example, a 40% decrease in local
catches was observed after the expansion of bottom
trawling (JALA, 2020).

Even without knowing the ecological indices
of this fishery system, some taxa disappeared from
recent inventories. Some examples are Anchoa
hepsetus, Anchoviella lepidentostole, Antigonia sp.,
Arius (Sciades) phrygiatus, Citharichthys spilopterus,

Ocean and Coastal Research 2021, v69:e21023 8



Lima et al.

Dasyatis guttata; Gymnura micrura, Sphyrna lewini,
among others (Maia et al., 2016; Passos et al., 2016).
Marceniuk et al. (2013) concluded that most studies
in northern Brazil have focused primarily on a small
number of commercially important species (Asano-
Filho et al., 2005; Frédou and Asano-Filho, 2006). The
implementation of a ban season for F. subtilis, the
primary target species of the trawl fisheries on the
inner Amazon shelf, led to the pressuring of the fed-
eral government by the fishery sector to guarantee
avoiding any loss of productivity during this period.
The target fish species caught with the current fish-
ery system are influenced by the hydrodynamics of
shallow waters in the inner Amazon shelf and the
Amazon River discharge.

More than half the total fishing production by the
system was made up of a single species, Macrodon
ancylodon, which was captured in relatively large
amounts throughout the four seasons. Espirito-Santo
and Isaac (2012) recorded a similar predominance of
M. ancylodon in their analysis of fishery in northern
Brazil, where this species was among the most com-
mon fishes landed by both coastal and estuarine fish-
eries from 2000 onwards. Macrodon ancylodon was
the most abundant fish in the whole hydrological cy-
cle of the Amazon River during the period analyzed.
It is found on mud or sandy mud bottoms in coastal
waters preferably at a depth of 25 m (Cervigén, 1993).
It is a demersal species and supports high variations
in salinity that allows it to be caught throughout the
year, as verified in our analyses. Willems et al. (2015a)
studied fish assemblages in the Suriname coastal re-
gion and observed three classes related to the depth
gradient. The first group was formed by coastal fish
in shallow waters and muddy sediments, dominated
by Sciaenidae and Ariidae. The second assemblage
was a transitional assemblage at around 27m depth
with muddy substrate and characterized by a demer-
sal fish community, in a transition zone between the
coastal ecosystem and the offshore continental shelf.
The third assemblage was composed of different off-
shore fish, in sites deeper than 34 m, with thick sedi-
ments and overlying clear water, characterized by the
absence of Sciaenidae and representatives of typical
fish families from deeper tropical continental shelves,
such as Paralichthyidae, Triglidae and Lutjanidae. This
environmental change in depth of transition has also
been observed in Guyana (Lowe-McConnell, 1962)
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and French Guiana (Vendeville and Baudrier, 2006).
Little temporal variation was detected in the fish
community, despite the clear seasonality in several
environmental parameters during the study, such as
total suspended matter concentration below the sur-
face and chlorophyll concentration during the rainy
season (Willems et al., 2015b).

The second most abundant fish species in each
Amazon River hydrological period are related to their
life history, and the position of the estuarine salt
wedge on the inner Amazon shelf. Cynoscion vires-
cens was the second most caught in the dry period,
when adults stay in the sandy mud substrate during
the day and swim to the surface at night (Keith et al.
2000). During this period there is a retraction of the
saline wedge and the waters adjacent to the Amazon
River mouth become brackish. During the flood pe-
riod of the Amazon River, there is an abundance of
food and Bagre bagre was the second most caught
in that season. It is an endemic species with distri-
bution from Colombia to the mouth of the Amazon
River. During the flood period, the Amazon River
estuary enlarges, i.e., the saline wedge expands the
most, bringing freshwater to the inner Amazon shelf.
Plagioscion surinamensis is a benthopelagic species
and most caught in the period. This species is en-
demic to Suriname and the Amazon regions, with
preferences ranging from fresh to brackish water. It
lives mainly in estuaries and at an average depth of
30 m. When, the estuarine saline wedge retracts and
starts to get closer to the mouth of the Amazon River
and, this species takes the opportunity to feed on
smaller fish as it finds favorable environmental con-
ditions. Found in turbid waters over muddy bottoms
in shallow coastal areas, also around estuaries (Taylor
and Menezes, 1978) and coastal rivers (Marcenik and
Farias, 2003), Sciades quadriscutis was the second
largest caught in the wet period. It is a benthopelagic
species and inhabits all salinity ranges.

The current fishery system may also have an im-
portant impact on a number of other species, in par-
ticular those with low ecological resistance, such as
sharks and rays Despite accounting for only 0.4% of
the total harvest, elasmobranchs include a number
of ecologically vulnerable species, which are typical k
strategists due to their low fertility, slow growth and
long-life cycle (Compagno, 1984; Camhi et al., 1998),
and are mostly discarded overboard as dead bycatch.
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Carcharhinids are found mainly in oceanic waters, al-
though some species inhabit fresh or brackish water,
and their populations may also be impacted through
bycatch along the year. These species are more vul-
nerable in the dry and humid periods, when the
Amazon River discharge is weaker, and the estuary
interface approaches the river mouth. Other ecologi-
cally vulnerable species are the rays that occur main-
ly in shallow coastal waters, lagoons, and estuaries.
They are benthic species and often remain partially
buried in soft muddy bottom substrates (Carpenter
and Niem, 1999). In this research, we verified that
they are more captured in the flood and wet phases
of the Amazon River, when a high load of fluid mud
reaches the region where the bottom trawl fleet op-
erates on the inner Amazon shelf.

The potential cascade effect of this process could
only be evaluated systematically once the complex-
ity, ecological maturity, energy flow and functional
diversity of the estuarine and coastal ecosystems in
which these fisheries operate, are more fully under-
stood (Castro et al,, 2015; Martins et al., 2018). The lo-
cal knowledge of the fishermen of the bottom trawl
fleet must be considered to evaluate fishing produc-
tion in a given period of the year. During periods of
wet and flood in the Amazon River, the estuarine
zone expands and estuarine and freshwater species
occur in the fishing ground. Regardless of the sea-
sonal or hydrological period of the Amazon River, lo-
cal fishermen direct their fishing towards the target
species Macrodon ancylodon and other economically
important species, for example, other hake, croakers,
and catfish. The so-called “fishing opportunity” oc-
curs, with a certain target species of economic value,
so the most abundant resource is exploited at a given
time. The species to be fished will reflect the effort
used, directed to a specific depth according to their
movement and biology.

Many mitigation strategies can be used in the search
for a sustainable fishing activity. One of these alterna-
tives was proposed by Hall (1999) with the prohibition
of fishing in some places and times of the year. This mea-
sure aims to protect the environments used during the
most vulnerable phases of the life cycle of the target spe-
cies. Although trawling is prohibited in the Amazon and
Pard estuaries, the measure seems to be ineffective for
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the protection of small individuals, as a large part of the
bycatch is composed of juveniles (Jimenez et al.,, 2013).
These authors suggest an expansion of the forbidden
zone during the dry season, when juveniles are more vul-
nerable. However, any determination of mitigation mea-
sures must be taken in a participatory manner with all
actors involved, fishermen, policy makers, government
and the fishing industry. Given all these considerations,
studies based on estimates of changes in biomass flux
(Carrier and Opitz, 1999; Wolff et al., 2000; Rybarczyk and
Elkaim, 2003; Arias-Gonzélez et al., 2004; Oliveira et al,,
2007; Nascimento et al., 2009 ; Villar et al., 2013), associ-
ated with the predictions of the support capacity of fish-
ing systems, will be fundamental for the maintenance of
productivity levels in the long term.
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