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A DINÂMICA SAZONAL DAS PESCARIAS DE PEQUENA ESCALA NA AMAZÔNIA É DEFINIDA 
PELO PULSO HIDROLÓGICO

RESUMO
O presente estudo analisou a dinâmica de uma pescaria de pequena escala na Amazônia, 
em associação com o ciclo hidrológico. Dados de desembarque pesqueiro foram coletados, 
diariamente, no período de fevereiro/2007 a janeiro/2008, no Porto Panairzinha em Manacapuru, 
Amazonas – Brasil (3º 18’33”S e 60º 33’21”W). Os resultados mostraram que a frota atuante no 
Lago grande é composta por canoas motorizadas e barcos de pesca. Sendo o primeiro superior 
ao segundo em número. A média do pescado desembarcado foi de 274,15 ton.ano-1. Ocorrendo 
uma menor produção nos períodos de enchente/cheia e maior na vazante/seca. As principais 
espécies desembarcadas foram: Colossoma macropomum (tambaqui = 17,8%), Cichla monoculus 
(tucunaré  = 15,5%), Prochilodus nigricans (curimatã  = 12,2%), Astronotus ocellatus (acará-açu = 8,7%) 
e Osteoglossum bicirrhosum (aruanã = 8,4%), predominando a malhadeira (97%) nessas capturas. 
Foi observado que a sazonalidade do Rio Solimões, influencia diretamente nas pescarias e na 
disponibilidade do pescado. Nesse sentido, decisões envolvendo o manejo pesqueiro nessa região 
devem adotar medidas que assegurem a sustentabilidade da pesca local, considerando como 
essencial a relação entre o peixe, o ambiente e aspectos socioeconômicos das pescarias de pequena 
escala.
Palavras chave: Desembarque pesqueiro; Panairzinha; pesca artesanal; pulso de inundação; 
Amazônia Central.

ABSTRACT
This study analyzed the dynamic of an Amazonian small-scale fishery, and as it is associated to 
the hydrological cycle. Landing data were daily collected from February/2007 to January/2008 
at the Panairzinha harbor in Manacapuru city, Amazonas – Brazil (3º 18’33”S e 60º 33’21”W). The 
results showed that the active fleet in the Lago Grande consists of motorized canoes and fishing 
boats. The first group being greater than the second in number. The average of fish landed was 
274.15 ton.year-1. Occurring lower production in the hydrological periods of rising/flood and high 
production in the receding/drought. The main fish species landed were: Colossoma macropomum 
(tambaqui = 17.8%), Cichla monoculus (tucunaré = 15.5%), Prochilodus nigricans (curimatã = 12.2%), 
Astronotus ocellatus (acará-açu = 8.7%) and Osteoglossum bicirrhosum (arowana = 8.4%), where 
gillnets were predominantly (97%) in these catches. It was observed that the seasonality of the 
Solimões River, directly influences the fisheries and the availability of fish in the environment. In 
this sense, decisions involving fishing management of this region should be planned aiming to 
ensure the sustainability of local fisheries, considering as essential the relation between fish, the 
environment and the socioeconomic aspects inherent with these small-scale fisheries.
Key words: Fisheries landing; Panairzinha; artisanal fisheries; flood pulse; Central Amazon.
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INTRODUCTION

The Amazon basin has approximately 20% of its 
territory formed by floodplain areas along the rivers 
(JUNK and HOWARD-WILLIAMS, 1984) forming 
várzeas, which are Amazonian areas seasonally 
inundated by the white water rivers (PRANCE, 
1980), and igapós, defined as seasonally flooded areas 
occurring in the black water river regions, as Amazon 
water logged swamp forest (PRANCE, 1980), both 
composing very rich ecosystems that support 
complex trophic chain (LOWE-MCCONNEL, 1987). 
The high spatial heterogeneity and the seasonal 
dynamic are key factors that contribute to successful 
colonization of the Amazonian floodplains by several 
fish species, which use this environment as breeding, 
refuge and feeding areas (SOARES et al., 2014; HURD 
et al., 2016).

Aside this high fish diversity, floodplains are 
highly productive areas, which is a key factor to the 
existence of abundant fish stocks. Therefore, fishing 
becomes an important activity at the Amazon basin, 
in social, economic and ecological terms (FREITAS, 
2002b). The fisheries and its related knowledge are 
transmitted by generations, permiting the use of 
fish resource from natural environment, and getting 
to riverine people a cultural background about the 
aquatic environment and its existent fish fauna 
(GOULDING, 1979; SOUZA et al., 2015).

Fish is the main animal protein source for the 
Amazonian people (FABRÉ and ALONSO, 1998; 
SANTOS and FERREIRA, 1999; GARCEZ et al., 2009; 
ISAAC et al., 2015), and also represents an important 
symbol for the regional culture (FURTADO, 1993), 
mainly for the riverine communities that have 
fisheries as the main labor activity (BARTHEM, 
1999). PARENTE (1996) stated that are about 20.000 
professional fishermen registered at the fishermen 
colonies, including the rural farmers that also 
works on fisheries, as subsistence or commercial 
activity. Thus, it’s contribute to the permanence of 
riverine communities and guarantee in these areas a 
permanently occupancy (SANTOS and FERREIRA, 1999).

The commercial fishing production in the Ama-
zonas State has in Manaus City (Capital State with 
an estimated population about 2 million habitants, 
IBGE 2016), the main landing Center (BATISTA et 
al., 2004), where are landed about 30,000 ton.year-1 
(MERONA and BITTENCOURT, 1988; RUFFINO et 
al., 2006), contributing with 68.8% of total fish pro-
duction in the State, followed by the municipalities 

of Tabatinga with 8.1% and Manacapuru with 6.6% 
(RUFFINO et al., 2006).

There are several studies on riverine fishing 
(FURTADO, 1993; RIBEIRO and FABRÉ, 2003; 
FABRÉ et al., 2007; BATISTA and PETRERE JR, 2007; 
GARCEZ et al., 2009; SOUZA et al., 2015) that showed 
that the riverine fishers developed a pool of fishing 
strategies to explore the aquatic resources (SOUZA 
et al., 2015). These people known the importance 
of water level dynamic, and classified than in two 
main seasons, as flood and drought periods, but they 
also includes two transitory seasons as rising water 
and receding water periods (FRAXE, 2004). Over 
an annual basis, the periods of hydrological cycle 
have not a marked division, since they cover each 
other going in and out in few days interval: rising 
water (January to April), flood (May to August), 
receding (August to October), and drought (October 
to November) (BITTENCOURT and AMADIO, 2007). 

The fisheries activity in the Amazon basin could 
be divided in six categories: subsistence, commercial, 
industrial, artisanal, ornamental, and sportive 
(BARTHEM et al., 1997; SANTOS and FERREIRA, 
1999). Nevertheless, at the lower Solimões River 
and its adjacent floodplain just two categories 
are predominant: the subsistence and small scale 
commercial fisheries, which both presents artisanal 
characteristics (RUFFINO et al., 2006; CAMPOS et 
al., 2007) and were responsible for 60% of fisheries 
production in the Amazon basin (BAYLEY and 
PETRERE JR., 1989).

The subsistence modality is made mainly by 
the riverine fishermen (97%), but in less proportion 
has been practiced too by the fishermen resident 
in the urban centers (GARCEZ et al., 2009). These 
fishermen groups acting in small-scale fisheries that 
are less professionalized (RUFFINO, 2004) using the 
propulsion motors (known locally as rabeta canoes) 
or paddle attached to their small boats. In general 
theses fisheries occurs closer to their residences 
(BARTHEM et al., 1997). 

The small scale commercial fisheries (3%) is more 
professionalized (GARCEZ et al., 2009) attaining 
better fisheries structures in their boats, as icebox 
containers (storeroom capacity about 10 tons) for 
fish conservation and storage. Also, allowing a 
bigger crew onboard and can do meddle and large 
fisheries trip extending about 100 to 300 km, from 
their communities (BATISTA and PETRERE, 2007).
These fish boats had success in their fisheries mainly 
when acts close or in the preserved areas, as occur 
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in the Manacapuru Lago Grande System (GARCEZ 
and FREITAS, 2011), but nowadays this proceeds 
started to reflects the existence of some fish stocks 
depletions in the Amazon basin (AGOSTINHO et al., 
2007; GARCEZ and FREITAS, 2011; CAMPOS et al., 
2015) which is clearly viewed from the decreasing 
of target fish number landed in the urban centers, 
which forces the fishermen to figure out fisheries in 
remote fish zones (BAYLEY and PETRERE JR., 1989; 
BATISTA and PETRERE, 2007).

In this context, is noticed that the success of fish-
eries management plans depends equally to know 
about the cultural and environmental conditions 
from the resource users, thus to consider a successful 
fisheries management plan, its need to be incorpo-
rates the human and environmental dimensions as 
an integrative strategy (AGOSTINHO et al., 2007). In 
this way, the present research intends to verify the 
influence of Solimões River water level variation on 
the fisheries production that is landed in the Panair-
zinha harbor at the Manacapuru municipality, in 
order to estimate the local fishery fleet production 
and its relation with the seasonal hydrological season 
at the middle Amazon River region.

METHODS

Study area
The present study was conducted at the Lago 

Grande region in Manacapuru municipality, 
located at the confluence of Solimões River with 
the mouth of Manacapuru River (3º 18’33”S e 60º 
33’21”W) (Figure 1). In this region, the Solimões 
River presents a seasonal water level variation and 
its normal amplitude changes over the hydrologic 
cycle attaining close to 10 m, and its imply in periods 
of flood and drought well defined (BITTENCOURT 
and AMADIO, 2007; GARCEZ and FREITAS, 2008). 
This inundation periodicity contributes with a 
complexity aquatic environments (streams, channels, 
water corridor, lakes, and swamps), which connects 
or put apart its selves during the hydrologic cycle 
periods, forming a huge floodplain ecosystem 
(JUNK, 1997; HURD et al., 2016). This region 
aggregates a large variety of resident and migratory 
fish species (FREITAS and GARCEZ, 2004), and its 
diversity have been attractive for the establishment 
of human riverine communities (MÓRAN, 1990) that 
also exploit this natural fish resource by an artisanal 
subsistence and small-scale commercial fisheries 
activity.

Sampling data
The fishing dataset were collected daily from 

February 2007 to January 2008, at the Panairzinha 
fish landing harbor in the Manacapuru municipality 
(Amazon State - Brazil). The data collections were 
processed applying a structured questionnaires 
(LAKATOS and MARCONI, 1991), joint to the 
fishermen and fish boats owners, these interviews 
were done at the fish landing moment, using queries 
related to fishing grounds, number of individuals 
in the crew, target fish species, fishing gears, total 
fishing production (kg), fishing boats as classified by 
BATISTA (2003) and fishing production by season of 
the hydrologic cycle following BITTENCOURT and 
AMADIO (2007). Also, fish species were identified 
according to the key proposed by FERREIRA et al. 
(1998) and by specialists. The Solimões River water 
level values were conceded from the National Water 
and Electrical Energy Agency (ANEEL - www.aneel.
gov.br). All data set were organized electronically in 
tables for posterior statistical analysis.

Figure 1. Study area locality identified by the dot 
line. The arrow indicates the Solimões River water 
flux direction.

Statistical analysis
The data set were submitted first to the 

descriptive statistic, in order to calculate the values 
of mode, mean, standard deviation and frequencies. 
Afterward, the data were used in two-dimensional 
graphs in order to understand the seasonal behavior 
of fishing landings.

The boats productivity and frequencies values 
were submitted to the Pearson analysis to verify 
possible correlation between these variables with 
the fluctuations of the Solimões River flood pulse. 
Fish landing by species and by types of fishing gears 
were employed to the Correspondence Function 
Analysis (GOTELLI and ELLISON, 2011) to verify the 
existence of patterns in relation to the hydrological 
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cycle (rising, flood, receding and drought periods). 
All statistical analyses were performed using the 
Statistic 9.0 software (STATSOFT, 2009) assuming 
an inferior probability of p-value < 0.05 to reject the 
null hypothesis (CONAGIN et al., 2008). The Amazon 
Federal University ethical committee approved this 
research (license number 0001.0.115.000-08). 

RESULTS

Small-scale fisheries fleet
A total of 823 questionnaires were applied to 

fishers at the Panairzinha fish-landing harbor. The 
data set allowed us to identify two types of boats 
employed by the fishing fleet at the Lago Grande 
area: motorized canoes (N = 798) and fishing boats 
(N = 25). Following BATISTA (2003), the fishing fleet 
was divided in small (<10 m or 32 ft) and large sizes 
(>10 m or 32 ft) boats. The small motorized canoes 
were predominant in number, grouping at the size 
modal class of 6-8 m or 19-26 ft (96%), while the 
fishing boats were considered in general as large size, 
attaining the modal size class of 8-14 m or 26-45ft, 
representing 2% of the total boats observed during 
the study (Figure 2). 

Figure 2. Size class frequencies of boats that fishing 
at the Lago Grande region at the Manacapuru 
municipality. 

Crew, engines potency and fishing gears 
The average of fishers on board of fishing boats 

was of 1.91 ± 0.73 for canoes (maximum of 6 persons) 
and 3.96 ± 1.68 for fishing boats maximum of 9 
persons). There were a positive relation between 
the number of fishers and boat sizes, but this linear 

relation were weak, for both types of fish boats, as 
showed by the correlation coefficient with values of 
r2 = 0.019   (p < 0.001) for the canoes and r2 = 0.137  
(p = 0.062) for the boats, respectively. The motorized 
canoes (N = 798) generally were coupled to engine 
horse power varying between 4 to 10 hp, with a 
modal class about 6 hp - 72.56% of the total sampled, 
and the fishing boats (N = 25) were attached to an 
engine hp varying between 4 to 30 hp, with a modal 
class about 25 hp representing 28% of the total. 
The capacity of fish storage (thermal box) was only 
available for motorized canoes that varying between 
0.1 to 2.0 ton. Furthermore, was observed that in the 
large fishing boats, the fish production were saved 
in styrofoam box with capacity between 75 to 120 kg 
(each) organized in an stacking box area.

Each crew realized from 1 to 5 fishing trips per 
month, spending from 1 to 16 days (the fishing 
duration was dependent of fishing ground distance 
from the riverine communities and for the fish 
accessibility) corresponding to a fishing productivity 
varying from 0.05 to 0.9 ton.fisher-1.day-1. In the Lago 
Grande fisheries, the gillnet (meshing in size between 
10 to 120 mm opposite knots, predominantly the 
groups of nets with mesh sizes of 70 mm (23,08%), 
45 mm (18,80%) and 80 mm (17,45%), each net with 
an average standard size of 100 m in length (84,81%) 
and 4 m height) was the most frequent fishing 
gear (97%) and present in all hydrological seasons, 
followed by artisanal harpoons (1%) and others types 
of fishing gears (arch and arrow, hook and line) that 
corresponded to less than 2% of the total reported.

The monthly-average fishing production landed 
at the Panairzinha harbor, during the study period, 
was 22.85 ± 11.47 ton (equivalent to 58,548 m2 of 
gillnets mesh applied in the fisheries), corresponding 
to 274.15 ton.year-1. The Lago Grande fisheries 
production exhibited an oscillation that followed 
the seasonal water level fluctuation, presenting a 
decreasing production in the beginning of rising 
waters period (14.40 ton in February) and were 
falling until the end of flood period (11.66 ton in 
July). Afterward, the fishing production started to 
increase until the beginning of the drought season, 
when become more evident (45.76 ton in October). 
After that the fishing production was decreasing 
again until the beginning of flood period (25.48 t in 
January of 2008) (Figure 3A). Was noticed as well that 
the number of fish boats fishing at the Lago Grande 
fisheries also presented a seasonal pattern similar 
to the fishing production (Figure 3B), displaying a 
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positive linear relation between the number of boats 
and the fisheries production with value of r2 = 0.912. 

Figure 3. Month water level at the Solimões River 
and its relation with fishing production (A) and 
number of fishing boats (B) at the Lago Grande of 
Manacapuru.

The fishing production and its respective 
frequencies of boats registered at the Panairzinha 
harbor, exhibited a inverse pattern in relation to the 
Solimões River water level, presenting an inverse 
linear relationship (central values) with r2 = 0.543 
and 0.620, respectively (Figure 4A and 4B).

Seasonal fish species landed at the Panairzinha Harbor
During this research were observed 3,828 fish 

landed at the Panairzinha harbor, which were iden-
tified the most belonging to the Orders the Charac-
iformes (48%), Siluriformes (28%) and Perciformes 
(12%). The Characiformes was the base for the 
fisheries occurred at the Lago Grande system at the 
Manacapuru municipality. From these fish orders 
were identified 25 species, bring to light the five 
most important species reported during the study 
period, in the following importance sequence (rela-
tive frequency = %): Colossoma macropom Cuvier 1816 
(tambaqui) with 17.8%, Cichla monoculus Spix, 1831 
(tucunaré) with 15.5%, Prochilodus nigricans Agassiz, 
1829 (curimatã) with 12.2%, Astronotus ocellatus Cu-
vier, 1829 (acará=açu) with 8.7% and Osteoglossum 
bicirrhosum, Cuvier, 1829 (arowana) with 8.4% of the 
total fish landing at the Panairzinha Harbor (Table 1).

Figure 4. Linear analysis between the fishing 
production (fish landings - FL) (A) and the number 
of fishing boats - NB (B) as function of Solimões 
River water level. Dotted lines represent Confidence 
Interval = 0.95. 

The correspondence analysis exhibits in the 
dimension-1 (Eigenvalue = 0.08798; inertia = 60.75%) 
the influence of hydrological cycle. In the left side 
of the graph were plotted the fish species caught 
during the rising (R) and flood (F) periods, while in 
the right side were plotted the others species caught 
during the resending (Re) and drought (D) periods, 
respectively (Figure 5). The dimension-2 (Eigenvalue 
= 0.03884; inertia = 26.82%) also distributed the 
hydrological variables in opposite sides, showing 
an inverse clockwise sequence. In the same time 
both dimensions separated in opposite angles the 
transitional (Rising, Receding) and the well-defined 
seasonal periods (Flood, Drought). 
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The fish species also were grouped in each axis 
according to their interaction with the water level 
variation. In the dimension 1 (right side) stayed 
separated the fish species caught during the drought 
season (D). These fish species are typical from 
lakes environment, with one exception that was 
the surubin (Sur), which develop short migrations 
between the lake and the river channel. Also in the 
right side of the graph (inferior part), were located the  

Taxon
Fish 
code

Commum 
name

Fish landing frequencies
Absolute (Seasonal) Relative 

(% Year)
**R F Re D

Clupeiformes
Pristigasteridae

Pellona flavipinnis (Valenciennes, 1837) Ap Sardinhão 4 1 1 0.2
Osteoglossiformes

Arapaimidae
Arapaima gigas (Cuvier, 1829) Pira Pirarucu 5 19 14 1.0

Osteoglossidae
Osteoglossum bicirrhosum (Cuvier, 1829) Aru Aruanã 85 67 115 8.4

Characiformes
Anostomidae

Leporinus friderici (Bloch, 1794) Ar Aracu 36 46 8 2.4
Characidae

Triportheus angulatus (Spix & Agassiz, 1829) Sar Sardinha 13 4 5 2 0.6
Piaractus brachypomus (Cuvier, 1818) Pt Pirapitinga 42 38 14 18 2.9

Curimatidae
Potamorhina latior (Spix & Agassiz, 1829) Br Branquinha 13 9 6 2 0.8

Cynodontidae
Rhaphiodon vulpinus (Agassiz, 1829) Pca Cachorro 2 1 1 0.1

Briconidae
Brycon amazonicus Mat Matrinchã 5 19 2 0.7

Erythrinidae
Hoplias malabaricus (Bloch, 1794) Tra Traira 41 20 12 33 2.8

Prochilodontidae
Prochilodus nigricans (Agassiz, 1829) Cur Curimatã 183 133 60 90 12.2
Semaprochilodus spp. Jar Jaraqui 35 46 4 2 2.3

Serrasalmidae
Colossoma macropomum (Cuvier, 1816) Tam Tambaqui 156 195 187 145 17.8
Mylossoma duriventre (Cuvier, 1818) Pac Pacu 137 81 29 27 7.2
Pygocentrus nattereri (Kner, 1858) Pic Piranha cajú 134 91 26 46 7.8

Siluriformes
Doradidae

Anodoras sp. Ba* Bacu 1 0.1
Oxidoras niger (Bleeker, 1862) Cui Cuiu-cuiu 9 3 5 20 1.0

Hypophthalmidae
Hypophthalmus fimbriatus (Kner, 1858) Map Mapará 3 1 0.1

Loricariidae
Pterygoplichthys pardalis (Castelnau, 1855) Bd Bodó 16 10 8 19 1.4

Pimelodidae
Brachyplatystoma flavicans (Castelnau, 1855) Do Dourado 1 8 2 1 0.3
Pseudoplatystoma tigrinum (Valenciennes, 1840) Sur Surubim 5 16 16 39 2.0
Phractocephalus hemioliopterus (Schneider, 1801) Pir Pirarara 2 1 0,1

Perciformes
Cichlidae

Astronotus ocellatus (Cuvier, 1829) Car Acará-açú 157 66 36 75 8.7
Cichla monoculus  (Spix, 1831). Tuc Tucunaré 196 164 68 164 15.5

Sciaenidae
Plagioscion squamosissimus  (Heckel, 1840) Pes Pescada 42 30 21 59 4.0

* Fish species had not being considered in the Correlation Analysis because presented just one specimen in the 
samples. **R = rising, F = flood, Re = receding, and D = drought.

fish caught during the receding waters (Re). In the 
left side of the bi-plot with Correspondence Function 
Analysis (CFA) result were grouped the fish species 
caught throughout the rising period (R) represented by 
migratory species and by two sedentary fish: acará-açú 
(Car) and piranha cajú (Pic). Also in the left side and 
inferior part of the graph, were clustered the fish 
caught during the flood period, which are migratory 
fish species characteristics from river channel areas (Fig. 5). 

Table 1. Seasonal absolute and relative frequencies of fish species landed at the Panairzinha harbor in 
Manacapuru municipality (Amazon-Brazil). 
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Figure 5. Fish species landed at the Panairzinha 
harbor in Manacapuru, and its seasonal caught 
periods organized by the Correspondence Function 
Analysis. R = rising, F = flood, Re = reseding, D = 
drought, Ap = Sardinhão, Pira = Pirarucu, Aru = 
Aruanã, Ar = Aracu, Sar = Sardinha, Pt = Pirapitinga, 
Br = Branquinha, Pca = Cachorro, Mat = Matrinchã, 
Tra = Traira, Cur = Curimatã, Jar = Jaraqui, Tam = 
Tambaqui, Pac = Pacu, Pic =  Piranha caju, Ba = 
Bacu, Cui = Cuiu-cuiu, Map = Mapará, Bd = Bodó, 
Do = Dourado, Sur = Surubim,  Pir = Pirarara, Car = 
Acará-açú, Tuc = Tucunaré, and Pes = Pescada.

Fishing costs
All fish caught during the study period were 

organized in ice and fish layers on the proportions 
of 1:1, 1:2 and 2:1 (ice:fish), and storage in thermal 
box coupled in the boats, but some time the fish were 
luggage also (when fisheries occurred in short period 
of time) in the canoes floor compartment. The fisheries 
productions were in its totality transported from the 
local communities boats, landing its production at the 
Panairzinha harbor to commercialization. 

Theses fisheries costs were increased mainly by 
two reasons: the acquisition of fuel, that was the 
highest priced product for the fisheries expeditions 
(as mentioned by the fishermen), and varied from 
R$ 1.90 (US$ 0.89) to R$ 4.60 (US$ 2.16) per liter; 
also the cracked ice, elevated the fisheries costs and 
varied in price from R$ 1.00 (US$ 0.46) to R$ 3.00 (US$ 
1.41) per container (20 liters volume). Each fisheries 
production proportionate an income between R$ 
305.32 (US$ 143.34) to R$ 750.58 (US$ 352.38) per 
canoes and fish boats crew, respectively. The fisheries 
products price values corresponded to the study 

period, when the minimum salary was about R$ 
380.00 or US$ 178.40 (Ordinary Law #11.498/2007, 
published in 06/28/2007), and in the study period, 
one United States dollar (US$ 1.0) was valuated in 
R$ 2.13.

DISCUSSION

The Amazon floodplain areas form a large and 
complex aquatics systems which attain over than 
hundreds of kilometers in extension and represents 
one of the most important macrohabitats for 
commercial and subsistence fisheries activities, that 
explore this region using paddle or motorized wood 
canoes supplied with fish traps (BARTHEM et al., 
1997). This fisheries became the main economical 
activity for the Amazonian riverine communities 
(GAWORA, 2003; PETRERE JR. et al., 2004) and 
makes these people dependents of fish stock existent 
around their communities (GARCEZ et al., 2009).

This artisanal fisheries pattern was confirmed in 
the present research by two types of embarkations 
utilized by the fishers in the study area, motorized 
canoes and fishing boats. The first group (small 
size canoes extending < 10 m) was predominant 
in numbers representing 97% of the fish boats 
catalogued. This finds differ from the results reported 
by BATISTA (2003) about the fish boats used in the 
fishing fleet of Itacoatiara, Parintins and Manacapuru 
municipalities. Also differing from the results found 
by GONÇALVES and BATISTA (2008) that identified 
the existence of four types of boats utilized by the 
fishing fleet from Manacapuru municipality. These 
differences in number of boats could be related to the 
large number of landing fish harbor sampled by the 
authors, in comparison with one from the present 
study. Also this lower fish boats divergence maybe a 
consequence of the fishing fleet modality recognized 
as small-scale fisheries as reported by GONÇALVES 
and BATISTA (2008) and by CARDOSO and 
FREITAS (2012) for the Amazon region.

Also the present study shows that motorized 
canoes (with 4 to 10 horse power engine) in general 
has on board or attached a thermal box (capacity 
box between 0.1 to 2 ton) for fish storage, this 
characteristics were similar from the results found 
by FALABELLA (1985) for fishing fleet observed in 
the same region. Furthermore, was observed that 
in the large fishing boats (size > 10m or 32 ft), the 
existence of two areas, one available for fish storage 
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as stacking box space, and the other reserved for 
the crew accommodation (BATISTA et al., 2004). 
The fluctuations in the production and fishing effort 
(considered in this work as the number of boats) 
depending on the fluctuation in the water level, 
which also have already been reported before by 
others studies in the Amazon basin (JUNK et al., 
1989; MERONA and GASCUEL, 1993; RUFFINO 
and ISAAC, 1994). The pattern of increase in the 
fisheries effort during the drought shows contrary 
to results observed by CARDOSO and FREITAS 
(2007) which found that fishing intensifies with the 
elevation of Madeira River water level, also noticed 
by FALABELLA (1985) and GANDRA (2010) which 
found the same increasing behavior for fisheries 
landed in Manaus.

These differences in fisheries production patterns 
probably occurs due to fisheries preferences for 
species which occurs during receding and drought, 
that is turned in the region for catfish, sedentary 
fish and some migratory fish as tambaqui. The 
number of fishing boats also fluctuates seasonally, 
however in reverse pattern as observed in the lower 
Amazon River, where the commercial fleet operates 
mainly during the flood period acting in the lakes, 
while throughout the drought the fisheries occurs 
preferably in the river main channel(SANTOS and 
SANTOS, 2005; CARDOSO and FREITAS, 2007).

The fishing fleet from Lago Grande system, 
in general performed their fisheries close to their 
local communities (GARCEZ et al., 2009). But the 
extras boats accommodations for fish storage and 
crew, allowed the fishermen to effectuate long 
distance fisheries, as that fisheries sectors outside 
of Manacapuru municipality (GONÇALVES and 
BATISTA, 2008). These fisheries enlarged area, 
also were noticed by BATISTA (2003) from local 
fleet, which realized fisheries also in the Solimões-
Amazonas River tributaries, as Purus River from 
Manacapuru fishing fleet and Madeira River visited 
by the Itacoatiara municipality fisheries fleet.

The actual small scale fishing fleet operating in the 
Amazon basin is in conformity with environmental 
diversity, once the boats structure and sizes permits 
fishers to navigate into the inhospitable and wild 
flood forest to catch their fish. Further, the fish 
resources have its behavioral presence or absent in 
these aquatic habitats entirely associated to the rivers 
flood pulse phenomena (HURD et al., 2016).

Controversially, large boats as exist in the 
industrial fisheries are not allowed to navigate in 

interior areas once its huge sizes, make economically 
enviable to explore the shallow floodplain areas for 
fisheries activities, but this fisheries modality occur 
predominantly in the Amazon River estuary, acting 
mainly on the exploitation of catfishes (BATISTA et 
al., 2004). 

Therefore, in this point of view, the fishing 
boats structural model is an important factor to be 
considered when fisheries trip decisions are made, 
mainly when taking into account long distance trips. 
However, also others factors as the size (number 
of people) of the crew on board, fish storage box 
capacity, fisheries duration, fishery cover area, and 
seasonal river water level variation, are decisive 
parameters to get success in Amazonian fisheries 
procedure. 

The elevated number of individuals evolved in 
the fisheries activity can raise the activity cost, mainly 
in long distance fisheries. In the present study the 
average number of crew by fisheries were two people 
per canoes and a maximum of nine people per fishing 
boat, integrated mainly by colleague’s participants 
and in less proportion by autonomous (BATISTA et 
al., 2007). On the other hand, this result showed a 
lower crew size when comparing the results found by 
BATISTA et al. (2010) from the fisheries fleet occurred 
at the Piagaçu-Purus Reserve, which presented a 
crew size varying between 7 and 15 fishermen per 
fish boat. But, shows also a similar result (n ≈ 2) when 
put in contrast with the values found by GARCEZ 
et al. (2009) that reports a average number about 3 
fisherman per fishing excursion of 5 days duration.

The differences between the numbers of crew 
applied in the fisheries cited above may be a result of 
differences methodology applied to get the fisheries 
data set, and related to size of the boats utilized in 
the fisheries activities. Which in accordance with 
CARDOSO et al. (2004) its can present a straight 
proportional relation, as showed in his study 
from the fisheries fleet that landed its production 
in Manaus city (Amazon State), that reported an 
average of 5, 8 and 14 people per boats, considering 
its sizes as small (≤ 10m), middle (>10 to 20m ) and 
large (> 20m), respectively. Also our results showed 
a positive relation (but weak, r2 < 0.2) among these 
variables, represented by an average of 1.91 people 
per canoes (small sizes) and 3.96 people per fish boat 
(middle sizes).

Besides, the Solimões River water level seasonality 
is noticed by fishermen that developed many 
fisheries strategies adaptive to the flood pulse, and 
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its confirms that the fishermen has a high level of 
traditional knowledge related to fish ecology, its 
aquatic environment,  and know which trap need 
to be used to catch their prey (SANTOS et al., 2016). 
This also can be confirmed throughout the multiple 
types of fishing gears utilized during the fisheries 
to catch a large diversity of fish, which are found in 
different aquatic environments (BATISTA et al., 2004; 
CARDOSO and FREITAS, 2007; GARCEZ et al., 2009).

The main fish trap utilized in the fisheries in 
the Amazon basin is the gillnet (PARENTE, 1996; 
CARDOSO et al., 2004; FERNANDES et al., 2009), also 
confirmed in the present study with a high frequency 
of 97% in the fisheries realized by the small fish boast 
(motorized canoes). The use of gillnet in fisheries 
has increased due to its high caught power and 
versatility, and this characteristics aggregates surpass 
from fisheries production which are commercialized 
in the riverside communities (PETRERE JR. et al., 
2004).

Small scale fishers also know about the river water 
level pattern, and they have a comprehension that the 
Rivers flood pulse is the main structural factor that 
controls the aquatic biota (GARCEZ and FREITAS, 
2008) and this knowledge influence the fishermen 
to take decision about when, where and how to acts 
in their fisheries (SOUZA et al., 2015; SANTOS et al., 
2016). Our results emphasized this affirmation when 
exhibit the rinsing in boats frequencies values and 
fisheries production that were proportionally inverse 
with the Solimões River water level, presenting a 
linear relation (r2) of 0.62 and 0.54, respectively. 

The fishing boats geographical and temporal 
distribution demonstrated that the small scale fishing 
fleet acts at the Lago Grande system specially during 
the end of the receding waters until the drought 
periods, realizing fisheries with duration about 
two days, its legitimates the results presented by 
CARDOSO (2005), GARCEZ and FREITAS (2008) 
and GARCEZ et al. (2009) in studies about fisheries 
executed in the same region, these authors concluded 
that the fisheries production rising occurs mainly in 
the drought period, when the aquatic environment 
become reduced in area and its makes the fisheries 
easiest to be done.

On the other hand, during the rising and flood 
periods the fisheries productions decline, it may 
be happened because the fish school leave the 
river channel and marginal lakes and goes into 
the direction of the floodplain areas doing a lateral 
migration (FERNANDES, 1997), and this fish 

movement behavior makes the fisheries difficult 
to be performed, once increase its effort and cost 
(CARDOSO and FREITAS, 2007; GARCEZ et al., 
2009).

The monthly fisheries production landed at 
the Panairzinha harbor during the study period 
was around the average of 22.85 ± 11.47 ton. This 
result is lower than those found by BATISTA (1998) 
when analyzed the fisheries production landed in 
Manacapuru, during the years of 1996 and 1997, and 
presented a monthly fisheries production around 
the average of 35 ± 8.2 ton. Also ours results show 
lower fisheries production values when compared 
to the fisheries results found by GONÇALVES and 
BATISTA (2008) in the years of 2001 and 2002 in the 
same region that registered an average production 
around 173 ton month-1. These differences in fisheries 
production may be also a result of different numbers 
of sampling sites and periods from these studies, 
once the two first studies sampled data from one 
location per research (the first in Manaus city near 
to Manacapuru, and the second located in a port 
at the municipality object of this study), while the 
third made its sampling data in all fishing landing 
harbors in the Manacapuru city. But, it is important 
to emphasizes that the different methodologies 
presented from above studies, are not enough to 
justify these discrepancies among fish productions, 
and the reduction of the fish stock is a hypothesis 
that needs to be considered carefully in this fishery 
prospect.

The temporal distribution of fisheries landing by 
species were more cleared in the CFA analysis results, 
that exhibited a fish species frequencies associated 
with the seasonal hydrology of the Solimões River, 
which emphasized mainly the separation between 
the migratory and sedentary behaviors fish groups. 
The fisheries dataset from the rising and flood 
periods are in agreement with the results reported 
by FALABELLA, (1985) and by GANDRA (2010) 
for fisheries landed in Manaus city, which show 
that in those two periods occurs the highest amount 
of Characiformes migratory species, reporting that 
most of its fish species are from fisheries carried out 
in the Solimões River and its tributaries (PETRERE, 
Jr., 1985), where probably also comes from catches 
of Manacapuru region. At the receding period 
occurs the second fisheries peak generated by the 
increased productivity of the fisheries in the Lakes 
(FALABELLA, 1985), which explains the sedentary 
species and catfish found in the present analysis.
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This seasonal pattern confirmed that the fish 
species adaptability with the aquatic ecosystems, 
and also indicates a high knowledge level from 
the riverine fishermen about both, fish and aquatic 
environment. This affirmative also were reflected 
from the recognition of fishermen fish traps diversity 
used during their fisheries activity, in response to the 
fish species diversity and the distinct environmental 
characteristic existent at the Amazon region 
(BATISTA et al., 2004; SOUZA et al., 2015; SANTOS 
et al., 2016).

In the Amazonian floodplain the fisheries 
intensities occurs in concordance of the regional 
communities culture and their consumption needs 
(GONÇALVES and BATISTA, 2008) these aspects 
reflects in the rising or declining in fisheries effort, 
mainly on the fish species with higher commercial 
valor. This affirmation was intensified mainly when 
compared the fish list landed at the Manacapuru 
from the years of 2001 and 2002 (GONÇALVES and 
BATISTA, 2008) beside to the present results, where 
are observed a reduction of fish species landed, from 
35 to 25 fish species, from both studies respectively.

This results shows that the greatest number of 
fish species commercialized in Manacapuru belongs 
to the Characiformes Order, that are predominant 
in the experimental and artisanal fisheries occurred 
in the Amazon basin (FREITAS, 2002a; GARCEZ 
and FREITAS, 2008; SIQUEIRA-SOUZA et al., 2016) 
representing 95% of the fish landed in the region 
(BATISTA, 1998; RIBEIRO et al., 1999; FREITAS et 
al., 2007; CARDOSO and FREITAS, 2012).

But, the rising in the fisheries on this order, already 
is supporting the fish stock overfishing (BATISTA et 
al., 2004; PETRERE JR. et al., 2004) and the declining 
in natural fish stock at the Amazon basin is growing 
each year (GARCEZ and FREITAS, 2011; CAMPOS 
et al., 2015), achieving a estimative about 47% of the 
available fish stocks, also 18% became overfished 
and 10% depleted (AGOSTINHO et al., 2007). But, 
the absence of continued studies on fisheries in the 
Amazon basin, make difficult to obtain a precise 
results from fisheries production in this region 
(OLIVEIRA JÚNIOR et al., 2016). The decrease of 
fisheries production and effort during the rinsing and 
flood periods in the study area is probably supported 
by the incidence of fisheries closed season, regulated 
by the “defeso subsidy” created by federal law n.° 
10.779/2003, which prohibits fishing for the listed 
species, that occurs in the fisheries landed in this 
region in the months of November-March (GANDRA, 

2010; CORRÊA et al., 2014).
The great vulnerability in the capture of migratory 

fish species occurs due to the formation of large 
schools in spawning season, facilitating the work 
of fishermen (GANDRA, 2010). Also, FREITAS 
and RIVAS (2006) state that the peaks of landings 
of these species in Manaus, occur in two instances: 
in the rising and flood periods, coinciding with the 
migration of some species from the Characiformes 
Order as (jaraquis Semaprochilodus spp., matrinxãs 
Brycon spp., Myleus spp. pacus, Methyni spp., 
Mylossoma spp. and curimatãs Prochilodus nigricans) 
and the second moment occurs in the period of ebb. 
The fall of production and effort in the flood and 
filled in the study area is probably is corroborant with 
the incidence of closure period (defeso law), which 
protects the main species landed in the months of 
November-March (GANDRA, 2010).

The fish species listed in the present research were 
organized from high to low frequencies classification, 
related to its occurrence during the landing in the 
Panairzinha harbor, and become prominence the 
preference for fish species as tambaqui, tucunaré 
and curimatã.

Also these fish species high frequency observed 
in the present study were also reported by BATISTA 
et al. (2007) and by ALMEIDA et al. (2007) as the 
main fish landed from fisheries occurred in the 
Solimões-Amazonas River, close to the study area. 
Furthermore, GONÇALVES and BATISTA (2008) 
when monitoring fisheries in this region, reported 
a presence of curimatã fish as the most landed fish, 
followed by the jaraqui, cubiu and tambaqui.

This intensification of fishing on the resource 
(mainly on the tagged fish species) suggest new 
strategies to gain in a long period the resource sus-
tainability, for that is necessary design a management 
instruments in order to organize the natural resource 
use, focusing on the preservation of fish stock to 
guarantee its common division between users 
(AGOSTINHO and GOMES, 2005) also maintaining 
the ecological sustainability of the first group and the 
economically gain for the second, once nowadays the 
Amazonian riverine fishermen has a budget around 
a minimum salary (GARCEZ et al., 2009). In conclu-
sion is necessary to consider a basic aspect, inserting 
the communities participation in the decision make 
process, attending to clear and tangible methodolo-
gies, to edging on real and correct fisheries resource 
management plans as well as its environment.
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CONCLUSION

The fishing fleet of the Lago Grande in Manacapuru 
consists of vessels operating in small scale fisheries, 
producing a fishing average of 274.15 ton.year-1. 
The predominant fish species in these fisheries were 
tambaqui, tucunaré and curimatã, representing 45.5% 
of this production. The frequency of vessels and their 
production are governed by the Solimões River 
flood pulse (rising, flood, receding and, drought). 
In this sense, future decisions involving the fisheries 
resources of the region, should take actions to ensure 
the sustainability of local fisheries, considering as 
vital, the environmental and socioeconomic aspects 
crucial for the local users groups.
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