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Tropical fisheries, which are considered multi-species, may show selectiveness. We
analyzed the degree of selectivity of fish catches in 46 sites along the Amazon basin
through the percentage of biomass corresponding to the most caught fish species.
Amazonian fisheries were considered moderately selective, as 54% of the sites
directed more than a quarter of fishing effort to one fish species and in 87% of the sites
more than half the fishing effort was directed to five fish species. Commercial fisheries
were more selective than subsistence fisheries. Eleven fish species (nine of them
migratory) have received more fishing pressure in the studied Amazonian regions and
the catch composition differed among regions. We thus recommend that fisheries
management in the Amazon basin should distribute fishing effort among more fish
species; incorporate the particularities of commercial and subsistence fisheries;
evaluate fishing effects on ecosystem services; and consider the biological
characteristics of preferred fish.
Keywords: fish conservation; fisheries management; freshwater fishes; overfishing;
migratory fishes

1. Introduction
Tropical aquatic ecosystems support great environmental heterogeneity and high diversity
of fish species (Pauly 1979; Welcomme 1985). Tropical fisheries are considered to be
multi-specific, because of the variety of fishing gear used, habitats exploited, and several
fishes and invertebrate species exploited simultaneously, seasonally or sequentially
(Welcomme 1985; Bayley and Petrere 1989; Vass et al. 2010). The temporal variation of
catch per unit effort (CPUE) and fishing yields in inland multi-species fisheries differ
from single-species fisheries, as fishing yields may be maintained in the former through
the fishing down process of replacement of larger and over-exploited fish species by
smaller fish (Welcomme 1999; van Oostenbrugge et al. 2002; Welcomme et al. 2010).
Tropical fisheries have been usually assumed to be multi-species (Pauly et al. 2002; van
Oostenbrugge et al. 2002), but some of these fisheries may be selective, directing most of
the fishing pressure to one or a few valued fish (Bayley and Petrere 1989; Aswani and
Hamilton 2004; Vass et al. 2010). Selective fisheries can affect the biodiversity, by
altering the composition of fish communities and trophic structure (Garcia et al. 2012).
Therefore, it is important to evaluate the degree of selectivity among alleged multispecies fisheries (van Oostenbrugge et al. 2002).
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The Amazon basin is the largest freshwater ecosystem in the world (Welcomme 1985)
and has one of the world’s richest freshwater fish fauna (Junk, Soares, and Bayley 2007).
Fishing activity has an important role in the economy and subsistence in the Amazon
basin, where fish is one of the most important sources of animal protein (Bayley and
Petrere 1989; Batista et al. 1998; Isaac and Almeida 2011). Albeit the biggest fish market
of the Brazilian Amazon (Manaus city) commercializes around 100 fish species (Batista
and Petrere 2003; Santos, Ferreira, and Zuanon 2006), few fish species may account for
most of the biomass landed in the Amazon basin (Bayley and Petrere 1989; Cerdeira,
Ruffino, and Isaac 2000; Cetra and Petrere 2001). South American fisheries, including
Amazon fisheries, in general are not considered to be overfished, as large fish are still
regularly caught and sold and fish production in some regions is lower than the maximum
sustainable yield (Bayley and Petrere 1989; Welcomme et al. 2010). Nonetheless, there is
evidence of overexploitation of some large commercial fish species in the Amazon
fisheries, such as pirarucu (Arapaima gigas), tambaqui (Colossoma macropomum),
dourada (Brachyplatystoma rousseauxii) and filhote (B. filamentosum) (Smith 1985;
Petrere et al. 2004; Isaac, Silva, and Ruffino 2008; Garcia et al. 2009). Furthermore, fish
landed in the Brazilian Amazon had been recorded by popular names, which may
correspond to more than one biological species with different life histories (Santos,
Ferreira, and Zuanon 2006). Therefore, the degree of selectivity should be evaluated to
inform policy and management actions for Amazon inland fisheries.
We made a broad meta-analysis of the spatial and temporal patterns of fish catches
from 46 sites in the Amazon basin to assess the fishing selectivity and provide
suggestions to improve the fisheries management. To our knowledge, this is one of the
first studies to perform such meta-analysis of selectiveness for tropical fisheries. This
approach can be applied in other regions, where fisheries need to be managed but data is
scarce, according to the data-less management approach (Johannes 1998). We addressed
the following research questions and hypotheses about multi-species Amazonian
fisheries:
(1) Which is the degree of selectivity of these fisheries? Based on previous studies
(Bayley and Petrere 1989; Cerdeira, Ruffino, and Isaac 2000; Batista and Petrere
2003; MacCord et al. 2007; Hallwass et al. 2011), we expect that most of these
fisheries would concentrate fishing effort in one or a few fish species;
(2) Which variables influence fishing selectiveness? We expect that fishing
selectiveness would be positively related to CPUE and total annual production,
and inversely related to the number of species and year when the study was
conducted. According to the fishing down process in inland multi-species
fisheries, a replacement of large preferred fish species by smaller ones over time
can result in an increase in the number of species caught and in the fishing effort
to maintain the total production, but with a potential decrease in CPUE, as large
fish become scarce (Welcomme 1985, 1999). Furthermore, according to the
ecological theories of niche and optimal diet, fishers from less productive sites
(lower CPUE and total production) would expand their niche (lower
selectiveness) by catching less preferred fishes, the inverse occurring in more
productive sites (Begossi and Richerson 1992, 1993). We also expect that fishing
selectiveness would differ among major Amazonian regions, because ecological
constraints (water properties, nutrient load) may influence the availability of
target fish species (Welcomme 1985; Junk, Soares, and Bayley 2007). The
relationship between fishing selectiveness and population size is less predictable;
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Although an increasing demand for preferred fish may increase the selectivity, at
some point such demand could reduce the selectivity to supply the needs of the
population for fish and by overexploitation of preferred fish. We also expected
that commercially oriented fisheries aiming to supply larger markets would be
more selective, as middlemen may select preferred fish (Bayley and Petrere 1989;
Hallwass et al. 2011);
(3) Which are the most caught fish species and did they differ among the studied
Amazonian regions? We expect that the composition of the five most caught
species would differ among regions, due to the high heterogeneity of tropical
environments (Welcomme 1985; Junk, Soares, and Bayley 2007) or market
preferences.
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2. Materials and methods
2.1. Study area
We gathered fish landings data from 15 studies conducted all over the Amazon basin
(Table 1). We grouped the 46 studied sites (usually cities or small fishing villages) in four
geographic regions of the Amazon basin: central (n D 14 sites), south-west (n D 8), lower
(n D 11) and eastern (n D 13) (Figure 1). Some of the studied sites may include a wider
area; for example, Manaus is located in central Amazon (Table 1) and it is the biggest
fish market analyzed, receiving fishes from several Amazonian rivers (Purus, Middle and
Low Solim~
oes, Madeira, Upper Amazonas and Jurua) (Batista and Petrere 2003;
Fernandes, Vicentini, and Batista 2009).

2.2. Data collection
We searched for publications about Amazonian fisheries in the scientific platforms
Thomson Reuters Web of Knowledge (ISI) and Scientific Electronic Library Online
(SciELO), as well as in gray literature (theses and reports). We used the terms “fisheries”
and “Amazon” (in English and Portuguese) in the research in the ISI and SciELO
platforms, which resulted, respectively, in 169 and 29 studies, but some of these studies
deal with fish ecology or ecotoxicology. This number of studies was similar to that found
by Alves and Minte-Vera (2013), who record 103 studies in the Amazon basin, plus nine
in the Araguaia-Tocantins Basin that we included here as part of the Amazon basin
(eastern Amazon). We selected those studies that informed the biomass of at least the five
fish species that were most caught, because five species usually account for most of the
catches (Bayley and Petrere 1989; Batista and Petrere 2003; Hallwass et al. 2011), and
several studies do not show the complete list of species caught. We also included in our
research Brazilian scientific journals and books that are not on international data bases.
We thus selected and analyzed 15 published studies that report the needed data on fish
landings from 46 sites of the Amazon basin (Table 1). We selected, for our meta-analysis,
those studies that describe a clear methodology to record fish landings in well-defined
landing sites or ports, that include a reasonable time span (months or years) recording fish
landings in at least two hydrological seasons (low and high water), and that show data on
the number of species caught, total annual fish production, and, when possible, CPUE.
We considered fish landing sites as sampling units for analyses. These sites included
from small fishing villages with hundreds of people to big Amazonian cities, such as
Manaus, which has more than one million inhabitants. We separated the fisheries
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Table 1. Characteristics, data sources and fish landings’ data for the 46 fisheries surveys analyzed in four geographic regions of the Amazon basin. Codes for the
studied fisheries (sites and years) are the same that as those shown in Figure 3.
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Fish species here refers to popular names of fish caught, which may sometimes correspond to groups of species.
Population size was categorized on the basis of the number of inhabitants in each studied site: small (1 10,000 people), medium (10,001 50,000) and large ( 50,001).
NI means not informed: the study did not mention the frequency of gear used in the fish landings sampled.
d
This survey includes only fish landings on which fishers used gillnets.
e
This value corresponds to the median range of sampled years.
f
This value corresponds to the mean production of sampled years.
g
We estimated the annual production for these sites, considering six fishing days each week during 52 weeks per year, or 312 fishing days per year (156 days on each season), which
was then multiplied by the average daily catches (kg) on each season (high and low water).
h
This production was obtained for one landing point only, and did not represent the total production of this city.
i
CPUE was originally calculated as kg/fisher/hr, but here we multiply this value by 8 hr, which is the average time per fishing trip found by Cerdeira, Ruffino, and Isaac (2000) in the
Lower Amazon.
j
Studies conducted in the Tocantins River, Brazilian Amazon.
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Table 1. (Continued )
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Figure 1. The Amazon basin with its major rivers: the studied regions are identified by dashed
contours and lower case letters.

analyzed into two types: commercial and subsistence, according to Bayley and Petrere
(1989). Commercial fisheries land fish in urban markets, using mainly motor boats or
powered canoes and with capacity to store fish and ice. Subsistence fisheries land fish in
small communities, using mainly paddled canoes or small powered canoes, sometimes
with small iceboxes (low storage capacity). We adopted these criteria because the size of
boats may influence the range of fishing grounds explored by fishers, and boat size and
storage capacity have been shown to be positively related to the amount of fish caught by
Amazonian commercial fishers (Almeida, Lorenzen, and McGrath 2003; Isaac, Silva, and
Ruffino 2008). We could not differentiate commercial fisheries in more refined
categories, because of the lack of detailed information about these fisheries, such as fleet
size and capacity, engine power and amount of ice used.
The population size was categorized as small (1 10,000 inhabitants), medium
(10,001 50,000) and large (above 50,001). If not provided in the studies analyzed, we
obtained population data from the Brazilian Institute of Geography and Statistics (IBGE).
We considered the year when the study was conducted, or the median of sampled years
when the study included data from more than one year.
Studies of fish landings in the Amazon usually record fish by their popular or local
names, but we only included in our meta-analysis those studies that inform both popular
and scientific names of fish caught. We also checked the correspondence between
popular and scientific names of the main fish species caught in fish landings through the
FishBase electronic database (Froese and Pauly 2012) to verify how many scientific
species corresponded to each popular name. We also consulted published inventories of
the Amazonian fish species that mention both popular and scientific names of fishes
(Santos et al. 2004; Santos, Ferreira, and Zuanon 2006). Therefore, when a popular name
included more than one fish species, we divided the amount of biomass reported for this
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fish among the reported species for the region. For example, we divided the reported
biomass of the fish jaraqui between two species (Semaprochilodus insignis and S.
taeniurus), because this local name usually corresponds to these two species in most
Amazonian regions, except for eastern Amazon, where only one species occurs (S.
brama) (Santos et al. 2004).
We did not include the fishing gear used in our analysis because, in most of the
studied sites, fishers use mainly gillnets (used in more than 50% of fish landings). In only
three of the 39 sites, where we found information on fishing gear, fishers use gillnets in
less than 50% of fish landings (Table 1).
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2.3. Data analysis
We provided a quantitative approach to analyze fishing selectiveness through categories
based on the biomass of the main fish species caught. We could not find, in the literature,
a clear indicator of the degree of selectivity for multi-species fisheries. We thus arbitrarily
organized our data in four categories of selectiveness, according to the proportion of
biomass corresponding to the first most caught fish species; (a) >50% of total biomass:
high selectiveness; (b) 25% 50% of total biomass: moderate selectiveness; (c)
10% 24% of total biomass: low selectiveness; and (d) <10% of total biomass: multispecific, as effort would be more distributed among several species. We seek to be more
conservative regarding the proposed categories because tropical and Amazon fisheries are
considered multi-species and around 100 species are sold in markets in the Amazon
(Batista and Petrere 2003; Santos, Ferreira, and Zuanon 2006). This contrasts sharply to
the situation of temperate selective fisheries, where all the catch may correspond to five
or six species. Therefore, even if one species comprises 40% of the catch, more than 40
species usually make the rest of the catch, such as, for example, in fisheries in the
Tocantins, Upper Madeira and Solim~
oes Rivers (Cetra and Petrere 2001; MacCord et al.
2007; Hallwass et al. 2011; Doria et al. 2012). This is why we opted for the benchmark of
50%, as this corresponds to more than half the total catch. However, the criteria for
selectiveness could be adjusted for other fisheries, as appropriate.
We measured selectiveness on the basis of the first, the first three and the first five fish
species that were most caught in each site. We then did exploratory analyses to check the
possible influence of the following variables on the observed selectiveness in each site:
region of the Amazon basin, year when the study was conducted, total number of fish
species caught, CPUE, population size, total annual fish production and fishing type
(commercial or subsistence). We undertook regression analysis to verify the influence of
four independent continuous variables (year, total number of species caught, total annual
production and CPUE) on the three dependent variables related to fish selectiveness
(proportions of the first, three and five fish species that were most caught on each site)
separately, considering the 46 landing sites as replicates (Table 1). The analysis of the
CPUE (kg £ fisher¡1 £ day¡1) was based on 27 sites, due to the lack of these data for the
other 19 sites. In regression analyzes, we checked the homoscedasticity of residuals and
then we ran different curve adjustments (linear, exponential, logarithmic and geometric)
to verify possible non-linear relationships. In order to check the influence of independent
categorical variables on the fish selectiveness, we made non-parametric analyses (median
comparisons): (a) Mann Whitney (U) test to verify the differences on selectiveness
between commercial and subsistence fisheries and (b) Kruskal Wallis analyses, with an
a posteriori Dunn test, to verify the influence of two independent categorical variables
(region and population size) on fish selectiveness. We used these non-parametric analyses
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because variances were not homogeneous. We made all these statistical analyses using
the R software (R Development Core Team 2009).
We made a non-metric multi-dimensional scaling (NMDS) ordination based on the
Bray Curtis similarity index and randomization test (10,000 permutations) to check
differences on catch composition among the 46 sites sampled in the four studied regions
(Figure 1). The data matrix included the biomass proportion of the five fish species that
were most caught in each site (36 species in all the sites). We then made the analysis of
similarities (ANOSIM) to compare the composition of the most caught fish species
among the four studied regions, followed by similarity percentage analysis (SIMPER) to
check which species most explained the dissimilarity among the four regions. We
performed the NMDS, ANOSIM and SIMPER analyses using the PRIMER 6 software
program (Clarke and Gorley 2006).

3. Results
3.1. Selectivity of the Amazonian multi-species fisheries
When the first main exploited fish species was considered, 54% of the studied sites
showed a trend to be moderately selective (25% 50% of total biomass), 44% were low
selective (10% 24% of total biomass) and a few sites were either highly (>50% of total
biomass) or not selective (<10% of total biomass), (4% and 2%, respectively). The three
most caught species accounted for more than half the total biomass in 52% of the sites,
and for more than 25% of total biomass in all sites, while the five most caught species
accounted for more than half the total biomass in 87% of the studied sites (Figure 2).

Figure 2. The percentage of total biomass that corresponded to the five most caught fishes in 46
sites sampled in four regions of the Amazon basin. Details and codes for the sites are provided in
Table 1.
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Therefore, relatively few Amazonian fisheries showed a high selectiveness (exploiting
mainly one species), but most of the studied fisheries concentrated fishing effort in up to
five species (Figure 2).

3.2. Variables influencing fish selectiveness in the Amazon
Fishing selectiveness was influenced by fishing type and region. The commercial fisheries
were more selective, considering the proportion of biomass of the first (U D 141.5, p D
0.02) (Figure 3(a)), three (U D 146.5, p D 0.03) (Figure 3(b)) and five (U D 154, p D 0.05)
(Figure 3(c)) most caught species. The lower Amazon region showed a lower selectiveness
than the other regions, considering the proportion of biomass of the main fish species
caught (H D 14.8, p D 0.002) (Figure 4(a)). When considering the proportion of biomass of
the three most caught species, the lower Amazon region showed a lower selectiveness than
the central and southwest regions (H D 12.7, p D 0.005, Figure 4(b)), and the lower
Amazon showed a lower selectiveness than the southwest region, when considering the five
most caught species (H D 9.4, p D 0.02) (Figure 4(c)). The outlier points indicated that
selectiveness varied among sites within regions (Figure 4). None of the other independent
variables (year, total number of species caught, total annual production, CPUE and
population size) were related to fish selectiveness (p > 0.15 in all curve adjustments).

3.3. Comparison of the most caught fish species among the Amazonian regions
The ANOSIM analysis (global R D 0.59, p D 0.001) indicated differences among the four
regions sampled regarding the five fish species that were most caught (Figure 5). The
SIMPER analysis indicated a low average similarity among sites within regions (central
Amazon D 49.6%; lower Amazon D 58.7%; southwest Amazon D 26.5%; eastern
Amazon D 42.3%), whereas the average dissimilarity was high among regions (all >
66%).
The fish species that most influenced the observed differences among regions were:
the tambaqui (Colossoma macropomum) and two species of the jaraqui
(Semaprochilodus spp.), which were more abundant in the central Amazon and
differentiated this region from the others. The more abundant fishes in the lower Amazon
region were the surubim (Pseudoplatystoma fasciatum) and acari (Pterygoplichthys
pardalis), which differentiated this region from the others. The dourada
(Brachyplatystoma rousseauxii) differentiated the lower Amazon from central and
eastern Amazon and the tambaqui differentiated the lower Amazon from the southwest
and eastern Amazon. Two species of the matrinch~a (Brycon cephalus and B. amazonicus)
were more abundant in the south-west Amazon, distinguishing this region from all others.
Finally, the pescada (Plagioscion squamosissimus) and the mapara (Hypophthalmus
marginatus) were more abundant in the eastern Amazon. The curimata (Prochilodus
nigricans) was among the most caught fish in the four studied regions (Table 2).

4. Discussion
4.1. Selectivity of the Amazonian fisheries
Our meta-analysis of fisheries surveys in 46 sites in four major regions of the Amazon
basin indicated that most of these fisheries were moderately selective (first main fish
species corresponded to 25% 50% of total biomass caught). Although some of the
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Figure 3. Comparison between the selectivity of commercial and subsistence fisheries in the
Amazon basin (N D 46) based on the proportions of the (a) first; (b) three; and (c) five fish species
that were most caught on each site. Median (darker line in the box plot), minimum and maximum
values (vertical lines) and outer lines of the box plots showing the quartiles (25% and 75%). Circles
are outliers.

1547

Downloaded by [138.59.62.9] at 16:58 08 August 2016

Journal of Environmental Planning and Management

Figure 4. Comparison among the four studied regions of the Amazon basin (N D 46) and the fish
selectiveness of the proportions of the (a) first; (b) three; and (c) five fish species that were most
caught on each site. Median (darker line in the box plot), minimum and maximum values (vertical
lines) and outer lines of the box plots showing the quartiles (25% and 75%), Dunn test: a > b,
p < 0.05. Circles are outliers.
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Figure 5. NMDS ordination (stress D 0.16) plot based on the composition (% of biomass) of the
five most caught fish species in 46 sites in four regions of the Amazon basin.

studied fisheries showed a high selectivity as previously observed (Bayley and Petrere
1989; Cetra and Petrere 2001; Batista and Petrere 2003; MacCord et al. 2007), some
fisheries were less selective. We observed that in two of the studied sites more than half
of the fishing effort was concentrated in a single species, but in the majority of the sites
fishing effort was directed to five fish species. Our results thus indicated that
selectiveness varies among Amazonian fisheries, being important to report the
composition of the catch in these tropical fisheries, because some species may receive a
greater share of fishing effort. Overfishing of these preferred fish could be masked in
landing statistics by sequential overexploitation through species replacement
(Welcomme 1999; van Oostenbrugge et al. 2002).
Contrary to our hypotheses, fish selectiveness was not positively related to fishing
productivity (total amount of fish caught and CPUE), as it would be expected according
to the niche and optimal diet theories applied to fishers’ behavior (Begossi and Richerson
1992, 1993; Begossi et al. 2012). This may be due to the influence of other factors that
we could not include in our analyses, such as other economic activities performed by the
studied fishers and market influence (Oliveira and Begossi 2011). Indeed, we observed a
higher selectiveness for commercial fisheries. In these commercially oriented fisheries in
major Amazonian cities (Batista and Petrere 2003; Fernandes, Vicentini, and Batista
2009; Doria et al. 2012), market demand may keep fishing effort concentrated in one or a
few more valuable fish species, even if fishing productivity declines. Some commercial
fishers may also act as middlemen, buying the most valuable fish from subsistence fishers
to resell these fish on the markets, which would increase the selectiveness of commercial
fisheries (Bayley and Petrere 1989; Hallwass et al. 2011). Fishing selectiveness can be
overestimated due to bycatch, as some of the fish species caught could be discarded
before landing. We found only two punctual studies from commercial fisheries in the
central Amazon indicating that bycatch is influenced by production of fish and market
demand, water level of rivers and gear used (Batista and Freitas 2003; Batista and
Barbosa 2008). On the other hand, subsistence fishers, who were less selective, have a
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0.4

0.5

0.02

Ea

Abundance per region d

Ce X Lo
SW X Lo
Lo X Ea
Ce X Lo
Ce X SW
Ce X Ea

Ce X SW
Ce X Lo
SW X Lo
Ce X Ea
Lo X Ea
Ce X SW
SW X Lo
SW X Ea
Ce X SW
SW X Lo
SW X Ea
Ce X Lo
Lo X Ea
SW X Lo
Ce X Lo
SW X Lo

Comparison
(% dissimilarity)

(continued)

9.0
7.5
7.9
6.3
5.6
5.4

15.7
14.3
7.6
17.8
9.5
10.9
10.6
10.0
10.8
10.6
10.0
9.0
8.6
6.9
5.3
5.7

11.7 § 1.6
9.5 § 1.6
5.9 § 1.9
14.0 § 1.7
6.9 § 2.4
8.1 § 0.9
8.2 § 0.8
8.3 § 0.8
8.0 § 0.8
8.2 § 0.8
8.3 § 0.8
6.0 § 2.8
6.2 § 3.1
5.3 § 2.6
3.5 § 0.9
4.5 § 0.9
5.9 § 1.4
5.8 § 1.4
5.7 § 1.3
4.2 § 1.5
4.2 § 1.4
4.2 § 1.4

Contribution
(%) f

Mean
dissimilarity
(§ SD) e

Table 2. Contribution of the most caught fish species for the observed dissimilarity (SIMPER analysis) among the four studied regions in the Amazon basin:
central Amazon (Ce), southwest Amazon (SW), lower Amazon (Lo) and eastern Amazon (Ea). We show only the fish species that contributed to more than 5% of
the overall dissimilarity.
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SW X Lo
Ce X Ea
SW X Ea
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Contribution
(%) f
6.8
5.6
6.0
12.8
12.2
11.6
9.3
9.0
8.9
9.8
6.9
8.2
9.2
10.6
8.7

Mean
dissimilarity
(§ SD) e
4.5 § 1.5
4.2 § 1.4
4.7 § 1.5
10 § 1.1
10.1 § 1.1
8.4 § 1
7.3 § 1.2
6.5 § 1.1
7.4 § 1.2
7.3 § 1.3
4.6 § 1.2
6.3 § 1.0
7.2 § 1.1
8.8 § 1.1
6.3 § 0.9

Biological species corresponding to popular names of fishes caught can vary among regions, and even within regions, but we considered in this analysis only the most common fish
species that correspond to a given popular name, or the unique fish species corresponding to a popular name in the studied region: for example, in the eastern Amazon we found only
one species of pescada (Plagioscion squamosissimus) and one species of mapara (Hypophthalmus marginatus) (Santos et al. 2004).
b
Based on Santos et al. 2004; Santos, Ferreira, and Zuanon 2006; Batista and Isaac 2012; Cordoba et al. 2013.
c
Based on Fernandes 1997; Petrere et al. 2004; Santos, Ferreira, and Zuanon 2006.
d
Simple mean abundance of the percentage of biomass landed in each region. The absence of values for some fish species in some regions does not necessarily mean that those fishes
are not caught in that region, but that those fishes accounted for less than 5% of the overall dissimilarity.
e
Mean dissimilarity and standard deviation between the pair of regions being compared.
f
Contribution of each fish species to the dissimilarity between the pair of regions being compared.
g
Average of males and females.

a

36
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Table 2. (Continued )

Downloaded by [138.59.62.9] at 16:58 08 August 2016

1550
G. Hallwass and R.A.M. Silvano

Downloaded by [138.59.62.9] at 16:58 08 August 2016

Journal of Environmental Planning and Management

1551

limited fishing effort, as they use paddled canoes or low-powered engines, few fishing
gear, shorter fishing trips and they do not always carry ice to store the fish caught (Batista
et al. 1998; Cerdeira, Ruffino, and Isaac 2000; Hallwass et al. 2011). Therefore,
subsistence fishers may explore a more limited area compared to commercial fishers, and
the former can thus expand their food niche by diversifying their fish catches. Moreover,
subsistence fishers tend to sell the most valuable fishes and consume less valuable fish,
thus reducing bycatch (Begossi and Richerson 1992; Batista et al. 1998). Subsistence
fishers may also distribute fishing effort among more species to reduce the risk of zero
catches in seasons of reduced fish availability (Silvano and Begossi 2001).
The lack of a temporal pattern on fishing selectiveness did not conform to our
hypothesis derived from the fishing down process (Welcomme 1999), as we did not
observe a lower selectiveness in more recent fisheries. This may be because fish stocks in
the Amazon basin may still support the selective fishing pressure needed to attend the
current market demand, and preferred fishes, such as tambaqui and large catfish are still
being caught (Batista and Petrere 2003; Petrere et al. 2004; Fabre and Barthem 2005;
MacCord et al. 2007; Doria et al. 2012). Another factor that was not analyzed, but that
could influence the temporal pattern of fish selectiveness, is the flood pulse (Junk,
Bayley, and Sparks 1989). The intensity and strength of flood pulse during high water
influences fish abundance in subsequent years, due to increased recruitment, survival and
growth (Welcomme 1985, 1999; de Merona and Gascuel 1993). These natural changes in
fish abundance between years may have influenced fishing selectiveness.
The observed difference in fishing selectiveness among the four studied regions may
be related to environmental heterogeneity of Amazonian fisheries regarding the kind of
water (black, white or clear), habitats (lakes, rivers, channels, tributaries, flooded forest),
gears (hook and line, harpoon, gillnet, cast net) and seasons (Bayley and Petrere 1989;
Junk, Soares, and Bayley 2007). The lower Amazon region, which showed a lower
selectivity, has extensive floodplain areas that are very fertile and productive, besides
high environmental heterogeneity (a mosaic of tributaries, lakes, river channels and
seasonally flooded forests). These ecological characteristics help to support a high
diversity and abundance of large commercial fishes, such as surubim, dourada and
tambaqui (Isaac, Milstein, and Ruffino 1996; Cerdeira, Ruffino, and Isaac 2000; Isaac,
Silva, and Ruffino 2008; Castello et al. 2013). Furthermore, fish landed in Santarem,
which is the main port of lower Amazon, is directed to two different markets (Isaac,
Milstein, and Ruffino 1996; Fabre and Barthem 2005): (a) exportation of catfish to other
Brazilian regions; and (b) scale fishes to local market, since catfishes are usually not
eaten by Amazonian people (Begossi, Hanazaki, and Ramos 2004). This heterogeneity in
commercialization may further explain the lower selectivity observed in this region. Yet
another factor that may have contributed to increase or maintain the availability of large
fish and the distribution of fishing effort among preferred fish species could be the several
co-management initiatives (fishing accords) in the lower Amazon that regulate fishing
and exclude outsiders (Castro and McGrath 2003; Almeida, Lorenzen, and McGrath
2009; Lopes, Silvano, and Begossi 2011).
In most of the sites (36 of 39) analyzed that have available data on fishing gear,
gillnets were the main fishing gear used by fishers (Table 1). Gillnets are less selective
fishing gear, which usually select fish according to size not species, but the decision of
how, when and where to catch fish with gillnets are choices that fishers make according
to their local knowledge about the environment and fish ecology (Johannes, Freeman, and
Hamilton 2000; Salas and Gaertner 2004; Silvano et al. 2008). In this sense, fishers’
knowledge, behavior and skills could influence more the fishing selectiveness in Amazon
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fisheries than the fishing gear used. Therefore, individual choices of fishers can contribute
to understanding fishing selectiveness (Begossi, Hanazaki, and Ramos 2004; Begossi
et al. 2012). Indeed, studies on fisheries management have been increasingly considering
fishers’ behavior and decisions (Salas and Gaertner 2004; Hallwass et al. 2013a).

Downloaded by [138.59.62.9] at 16:58 08 August 2016

4.2. Main fish species caught
Our results indicated that some preferred fish species have received more fishing pressure
and these fishes should thus receive priority focus in management. As expected, the
composition of the main fish species caught differed among the four studied regions
(Figure 5). Therefore, the local and regional environmental heterogeneity is an important
factor that management plans should consider, since the average similarity on catch
composition was low, even among sites within regions.
We considered the total amount of fish caught during all seasons in our analyses, but
some fisheries may show seasonal variation in catch composition (Isaac, Milstein, and
Ruffino 1996; Batista et al. 1998; Batista and Petrere 2003; MacCord et al. 2007). The
Amazon basin has a well-marked seasonality, as water levels may vary around 10 meters
on average between the low and high water seasons (de Merona and Gascuel 1993; Junk
2001). This high variation between hydrological seasons influences the life histories and
behavior of fish, as well as fishers’ behavior, and consequently the fish species caught
(Welcomme 1985; Santos, Ferreira, and Zuanon 2006; Hallwass et al. 2011, 2013a).
Therefore, even some fish species that are not among the most caught ones may have
strategic importance to fishers in some seasons (Hallwass et al. 2011, 2013a). In general,
Amazonian fishes show two main migratory patterns related to spawning and feeding,
and associated with hydrological seasons: (1) short lateral migrations between river and
floodplains; and (2) long longitudinal migrations in the main river channel, either
upstream or downstream (Welcomme 1985; Fernandes 1997; Batista and Isaac 2012).
Fishers usually have knowledge about fish migrations (Valbo-Jorgensen and Poulsen
2000; Silvano et al. 2006), and they may thus use their knowledge to direct fishing effort
to catch schools of migratory fish. This could at least partially account for the observed
moderate selectivity of Amazonian fisheries, since 9 from 11 of the more caught fishes
show some kind of migratory behavior (Table 2). Catfishes that migrate long distances
are usually caught in the main channel of white water rivers, while characiformes (scale
fish) that make short lateral migrations are usually caught in the floodplain lakes and in
the river margins (Barthem, Ribeiro, and Petrere 1991; Barthem and Goulding 1997;
Fernandes 1997; Petrere et al. 2004; Fabre and Barthem 2005; Batista and Isaac 2012).
The ordination analysis was limited by the lack of replicates to account for temporal
and spatial variation in all sites. Furthermore, some of the studied sites include also a
temporal variation in the composition of the main fish species caught, which increased
the variability (dissimilarity) among sites within regions. For example, we got data from
five years in the 1970s and four years in the 1990s from the biggest market in the central
Amazon (Manaus city, Table 1). Although it was the main fish landed in this region, the
tambaqui was not among the five most caught species in the two studies made in the
1990s, because the landings of this fish declined over time in Manaus market (Batista and
Petrere 2003). Similarly, Garcia et al. (2009) show a significant decline and replacement
of large fish species by small and fast growing fish species, in a temporal series of
22 years in the Loreto region (Peru), southwest Amazon. There is growing evidence that
some preferred target fish species, such as tambaqui, pirarucu and large catfishes, have
been heavily exploited and show a risk of overfishing in the Amazon basin (Batista and
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Petrere 2003; Petrere et al. 2004; Garcia et al. 2009). These species share some biological
traits, such as large size, long lifespan, late reproduction and make long migrations
(Table 2). Historical data in the Amazon indicate the overexploitation of some fishing
resources showing these biological traits, such as manatees (Trichechus inunguis), the
giant river turtle (Podocnemis expansa) (Smith 1985) and more recently, the pirarucu
(Isaac, Silva, and Ruffino 2008; Garcia et al. 2009).
The lower Amazon region showed a relatively high abundance of three important
commercial migratory fish species (tambaqui, surubim and dourada), as well as the acari,
which is a sedentary fish with low commercial value that is usually caught in lakes near
the fishing communities (Castello et al. 2013; Silvano et al. 2014). Therefore, this
Amazonian region may have more commercial fish species available, besides showing a
great diversity of fishing gear, habitats and fishing purposes (either for subsistence or
market oriented) (Isaac, Milstein, and Ruffino 1996; Cerdeira, Ruffino, and Isaac 2000;
Fabre and Barthem 2005). The southwest Amazon region showed the lowest similarity in
catch composition among the sites sampled. Only in this region, the matrinch~a, a
migratory fish, was among the main fish species caught (Table 2). This fish accounted for
60% to 80% of the total biomass landed in three sites sampled in the upper Madeira River
(Doria et al. 2012). The pescada (sedentary) and mapara (migratory) were among the
main fish caught in the eastern Amazon, especially in those sites sampled in the lower
Tocantins River, which has clear water and a large dam upstream (Hallwass et al. 2011,
2013b). While other migratory fish species differed in their importance among regions,
the curimata was among the five most caught species in the majority (76%) of the 46 sites
analyzed, and it was among the five main fish species caught in all regions, varying
between 7.5% and 14% of total biomass landed (Table 2). The curimata has medium size
and shows relative lower size at first reproduction among the main fish species caught
(Table 2). This indicates that the curimata may be currently one of the most widely
exploited species in Amazonian fisheries. This fish may be thus more resilient to the
fishing pressure and environmental changes, such as dams (Hallwass et al. 2011, 2013b).

4.3. Management suggestions and ecological implications
The moderate selectiveness observed in several of the studied sites in the Amazon basin
suggests that these fisheries could be managed according to the conventional single
species management approach. This approach may help to prevent the fishing down
process in tropical inland fisheries that show high fishing pressure on a few preferred
species (Welcomme 1999). The main rules applied to single species management
worldwide refer to gear, size limits and seasonal fishing restrictions (Garcia et al. 2012).
Some of these rules have been applied in the Brazilian Amazon (Batista and Isaac 2012;
Hallwass et al. 2013a), but some of them have not been effective, such as closed fishing
seasons (Corr^ea, Kahn, and Freitas 2014).
Although fishers still rely on several fish species in at least some of the studied sites,
conservation priorities for maintaining fish biodiversity may not necessarily improve
fisheries, if they did not contemplate the most important fish species (Table 2), or
important fish habitats, such as floodplain lakes (Silvano, Ramires, and Zuanon 2009;
Silvano et al. 2014). These preferred fishes are usually large migratory species that have
a long lifespan, late reproduction and a widespread geographic distribution (Barthem and
Goulding 1997; Fernandes 1997; Batista and Isaac 2012). We propose five management
recommendations, based on our results.
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First, as already mentioned in a previous study (Bayley and Petrere 1989), it would be
desirable that Amazonian fishers diversify their catches, distributing fishing effort among
more fish species. However, the observed pattern of concentration of fishing effort may
be partially influenced by cultural preferences (Begossi, Hanazaki, and Ramos 2004;
Begossi et al. 2012), which are hard to change. Thus, fishing quotas associated with value
adding through fish processing (e.g. cleaning and filleting) by local cooperatives run by
fishers may be a promising way to diversify fishers’ work, aiming to reduce the fishing
effort (as fishers would spend part of their time processing fish) and improve fishers’
profits (Hallwass, Lopes, and Silvano 2014).
Second, the observed differences on selectiveness between commercial and
subsistence fisheries could drive distinct management plans. For example, the more
selective commercial fisheries usually exploit a wide area, but land in fixed major ports
located in the main Amazonian cities, such as Manaus, Belem, Santarem or Porto Velho.
Therefore, management of these fisheries could focus on the most caught species, with
intensive monitoring performed by Brazilian environmental agencies (top-down
management). Subsistence fisheries are less selective, explore a more limited area and
land in scattered ports. For these fisheries, co-management should be more appropriate,
as it involves the participation of fishers in the elaboration of management rules (bottomup management) (Lopes, Silvano, and Begossi 2011). Co-management has potential to
increase fish abundance, fishing productivity and to avoid overexploitation of preferred
fish in small-scale fisheries in the Amazon by protecting important fish habitats, such as
floodplain lakes (Almeida, Lorenzen, and McGrath 2009; Silvano, Ramires, and Zuanon
2009; Silvano et al. 2014). However, co-management arrangements aimed to conserve
stocks of highly migratory fishes, such as large catfishes (Barthem and Goulding 1997),
should include a wider geographical scale, being thus more challenging.
Third, some of the most exploited fish species have ecological roles and may
provide relevant ecosystem services, which could be considered in a holistic
ecosystem-based fisheries management (EBFM) framework. For example, overfishing
of large fishes in marine ecosystems may affect important ecological processes, such
as algal dominance in coral reefs (Bellwood, Hoey, and Choat 2003), and
predator prey relationships (Graham, Evans, and Russ 2003), and mutualistic
relationships (Silvano, Tibbetts, and Grutter 2012). However, few studies have
addressed the potential cascading ecological effects from fishing in tropical
freshwater ecosystems. The tambaqui and matrinch~a are large migratory and
frugivorous fish, which are important seed dispersers and seed predators in the
Amazonian flooded forests (Goulding 1980). The curimata is a large detritivorous and
migratory fish, which influences nutrient recycling in tropical rivers (Flecker 1996).
Therefore, it would be important to investigate potential fishing effects on the
ecological services provided by those fishes, such as seed dispersion (Anderson et al.
2011). Conversely, deforestation of tropical floodplain forests may adversely affect
fish production, as observed in a Venezuelan stream (Wright and Flecker 2004) and
suggested in the Negro River, Brazilian Amazon (Silvano et al. 2008).
Fourth, most of the main fish species caught in Amazon fisheries are migratory,
including both large catfishes and characins (Table 2). Although the kind of migratory
movements may vary among these species, management plans should incorporate the
main migratory routes and seasons in an integrated way through an EBFM approach.
Therefore, fishes that make lateral migration need protection of floodplain lakes to ensure
their reproduction (Silvano, Ramires, and Zuanon 2009; Silvano et al. 2014), while fishes
that make longitudinal migrations need identification and protection of bottlenecks in
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their migratory routes (Barthem and Goulding 1997). Besides migratory behavior, it is
also important to consider, in management plans, the fishes’ biological characteristics,
such as maximum length, size and age of the first sexual maturation, through rules related
to quotas or minimum size of catch, aimed to secure reproduction and to reduce the risk
of overexploitation of preferred fish species (Magnuson-Ford et al. 2009). Fishers’
knowledge may be useful to indicate some of these biological characteristics, such as main
migratory routes and size of first reproduction of commercial fishes (Valbo-Jorgensen and
Poulsen 2000; Silvano et al. 2006; Hallwass 2015).
Fifth, major environmental changes under course in the Amazon basin may
negatively affect some of these preferred commercial fish species, disproportionately
affecting fisheries and food security in fishing villages and even in major cities. For
example, interviews with fishers and fish landing data indicate that the migratory
fish jaraqui disappeared from the lower Tocantins River (eastern Amazon), 20 years
after the Tucuruı reservoir was built (Hallwass et al. 2013b). Moreover, fish ladders
built to guarantee fish migration in impounded rivers may not work in the Amazon
(Agostinho et al. 2007). There are currently three large dams being built in the
Brazilian Amazon basin, one in the Xingu River (Belo Monte Dam), and two in the
Madeira River (Santo Ant^
onio and Jirau Dams). These dams have been contentious,
and the two dams in the Madeira River will possibly affect the studied fisheries that
rely heavily on migratory fishes, such as matrinch~a and dourada (Barthem and
Goulding 1997; Barthem, Ribeiro, and Petrere 1991; Doria et al. 2012). Therefore,
the consequences of large dams to local fisheries in tropical rivers should be
considered, both in fisheries management and regional development plans (Barthem,
Ribeiro, and Petrere 1991; Petrere 1996; Zhong and Power 1996; Fearnside 2001,
2006, 2014; Dugan et al. 2010).

5. Conclusions
Most of the studied Amazonian fisheries were considered as moderately selective,
directing most of the fishing effort to catch five fish species. Eleven preferred fish species,
nine of which are migratory, have received more fishing pressure throughout the Amazon
basin. Selectiveness differs according to the purpose of the fishery (commercial fisheries
are more selective) and among major Amazonian regions (lower Amazon is less
selective). According to these results, fisheries management and policy in the Amazon
basin should aim to: (a) distribute fishing effort among more fish species; (b) elaborate
distinct management plans according to fishing type (commercial or subsistence); (c)
conduct assessments of the potential fishing effects on the ecological services provided
by those most caught fishes; (d) incorporate the main biological characteristics of these
preferred fish; and (e) implement broad and long-term fisheries monitoring in the
Amazon basin.

Acknowledgements
We thank M. Petrere, M. Cetra, V.J. Isaac for fisheries data, H. Hasenack and L.L. Silva for map
drawing.

Disclosure statement
No potential conflict of interest was reported by the authors.

1556

G. Hallwass and R.A.M. Silvano

Funding
Coordenaç~ao de Aperfeiçoamento de Pessoal de Nıvel Superior (CAPES), G. Hallwass; the
Conselho Nacional de Desenvolvimento Cientıfico e Tecnol
ogico (CNPq), R. A. M. Silvano [grant
number 304377/2010-4]; the FAPESP (SP), R. A. M. Silvano [grant number 2012/16722-2].

Downloaded by [138.59.62.9] at 16:58 08 August 2016

References
Agostinho, A.A., E.E. Marques, C.S. Agostinho, D.A. Almeida, R.J. Oliveira, and J.R.B. Melo.
2007. “Fish Ladder of Lajeado Dam: Migrations on One-way Routes?” Neotropical
Ichthyology 5: 121 130.
Almeida, O.T., K. Lorenzen, and D.G. Mcgrath. 2003. “Commercial Fishing in the Brazilian
Amazon: Regional Differentiation in Fleet Characteristics and Efficiency.” Fisheries
Management and Ecology 10: 109 115.
Almeida, O.T., K. Lorenzen, and D.G. McGrath. 2009. “Fishing Agreements in the Lower Amazon:
For Gain and Restraint.” Fisheries Management and Ecology 16: 61 67.
Alves, D.C., and C.V. Minte-Vera. 2013. “Scientometric Analysis of Freshwater Fisheries in Brazil:
Repeating Past Errors?” Reviews in Fish Biology and Fisheries 23: 113 126.
Anderson, J.T., T. Nuttle, J.S. Rojas, T.H. Pendergast, and A.S. Flecker. 2011. “Extremely LongDistance Seed Dispersal by an Overfished Amazonian Frugivore.” Proceedings of the Royal
Society B 278: 3329 3335.
Aswani, S., and R. Hamilton. 2004. “Integrating Indigenous Ecological Knowledge and Customary
Sea Tenure with Marine and Social Science for Conservation of Bumphead Parrotfish
(Bolpometodon muricatum) in the Roviana Lagoon, Solomon Islands.” Environmental
Conservation 31: 1 15.
Barthem, R.B., and M. Goulding. 1997. The Catfish Connection: Ecology, Migration and
Conservation of Amazon Predators. New York: Columbia University Press.
Barthem, R.B., M.C.L.B. Ribeiro, and M. Petrere. 1991. “Life Strategies of Some Long-Distance
Migratory Catfish in Relation to Hydroelectric Dams in the Amazon Basin.” Biological
Conservation 55: 339 345.
Batista, V.S., and W.B. Barbosa. 2008. “Descarte de Peixes na Pesca Comercial em Tefe, Medio
Solim~oes, Amaz^onia Central.” Acta Scientiarum. Biological Sciences 30: 97 105.
Batista, V.S., and V.S. Freitas. 2003. “O descarte de pescado na pesca com rede de cerco no Baixo
Rio Solim~oes, Amaz^onia Central.” Acta Amazonica 33(1): 127 143.
Batista, V.S., A.J. Inhamuns, C.E.C. Freitas, and D. Freire-Brasil. 1998. “Characterization of the
Fishery in Riverine Communities in the Low-Solim~
oes/High-Amazon Region.” Fisheries
Management and Ecology 5: 101 117.
Batista, V.S., and V.J. Isaac (Org.). 2012. Peixes e pesca no Solim~
oes-Amazonas: uma avaliaç a~o
integrada. [Fish and Fisheries in the Solim~oes-Amazonas: an Integrated Assessment]. Brasılia:
Ibama/ProVarzea.
Batista, V.S., and M. Jr. Petrere. 2003. “Characterization of the Commercial Fish Production
Landed at Manaus, Amazonas State, Brazil.” Acta Amazonica 33: 53 66.
Bayley, P.B., and M. Jr. Petrere. 1989. “Amazon Fisheries: Assessment Methods, Current Status
and Management Points.” In Proceedings of the International Large River Symposium, edited
by D.P. Dodge, 385 398. Ontario, Canada: Canadian Special Publication of Fisheries and
Aquatic Sciences, 106.
Begossi, A., N. Hanazaki, and M.R. Ramos. 2004. “Food Chain and the Reasons for Fish Food
Taboos Among Amazonian and Atlantic Forest Fishers (Brazil).” Ecological Applications 14:
1334 1343.
Begossi, A., and P.J. Richerson. 1992. “The Animal Diet of Families from Buzios Island: An
Optimal Foraging Approach.” Journal of Human Ecology 3: 433 458.
Begossi, A., and P.J. Richerson. 1993. “Biodiversity, Family Income and Ecological Niche: A Study
on the Consumption of Food Animals at Buzios Island.” Ecology of Food and Nutrition 30:
51 61.
Begossi, A., S.V. Salivonchyk, N. Hanazaki, I.M. Martins, and F. Bueloni. 2012. “Fishers (Paraty,
RJ) and Fish Manipulation Time: A Variable Associated to the Choice for Consumption and
Sale.” Brazilian Journal of Biology 72: 973 975.

Downloaded by [138.59.62.9] at 16:58 08 August 2016

Journal of Environmental Planning and Management

1557

Bellwood, D.R., A.S. Hoey, and J.H. Choat. 2003. “Limited Functional Redundancy in High
Diversity Systems: Resilience and Ecosystem Function on Coral Reefs.” Ecology Letters 6:
281 285.
Cardoso, R.S., and C.E.C. Freitas. 2008. “A Pesca de Pequena Escala no rio Madeira Pelos
Desembarques Ocorridos em Manicore (Estado do Amazonas), Brasil.” Acta Amazonica 38:
781 788.
Castello, L., D.G. McGrath, C.C. Arantes, and O.T. Almeida. 2013. “Accounting for Heterogeneity
in Small-Scale Fisheries Management: The Amazon Case.” Marine Policy 38: 557 565.
Castro, F., and D.G. McGrath. 2003. “Moving Toward Sustainability in the Local Management of
Floodplain Lake Fisheries in the Brazilian Amazon.” Human Organization 62: 123 133.
Cerdeira, R.G.P., M.L. Ruffino, and V.J. Isaac. 2000. “Fish Catches Among Riverside Communities
Around Lago Grande de Monte Alegre, Lower Amazon, Brazil.” Fisheries Management and
Ecology 7: 355 374.
Cetra, M., and M. Jr. Petrere. 2001. “Small-Scale Fisheries in the Middle River Tocantins,
Imperatriz (MA), Brazil.” Fisheries Management and Ecology 8: 153 162.
Clarke, K.R., and R.N. Gorley. 2006. PRIMER v6: User Manual/Tutorial. Plymouth: PRIMER-E.
Cordoba, E.A., A.V.J. Leon, C.A. Bonilla-Castillo, M. Petrere Jr., M. Pelaez, and F. Duponchelle.
2013. “Breeding, Growth and Exploitation of Brachyplatystoma rousseauxii Castelnau, 1855 in
the Caqueta River, Colombia.” Neotropical Ichthyology 11: 637 647.
Corr^ea, M.A.A., J.R. Kahn, and C.E.C. Freitas. 2014. “Perverse Incentives in Fishery Management:
The Case of the Defeso in the Brazilian Amazon.” Ecological Economics 106: 186 194.
de Merona, B., and D. Gascuel. 1993. “The Effects of Flood Regime and Fishing Effort on the
Overall Abundance of an Exploited Fish Community in the Amazon Floodplain.” Aquatic
Living Resources 6: 97 108.
de Merona, B., A.A. Juras, G.M. Santos, and I.H.A. Cintra. 2010. Os peixes e a pesca no Baixo
Tocantins: 20 anos depois da UHE Tucuruı. [The Fishes and Fisheries in the Lower Tocantins:
20 Years after UHE Tucuruı]. Brasılia: Eletronorte.
Doria, C.R.C., M.L. Ruffino, N.C. Hijazi, and R.L. Cruz. 2012. “A Pesca Comercial na Bacia do rio
Madeira no estado de Rond^onia, Amaz^onia brasileira.” Acta Amazonica 42: 29 40.
Dugan, P.J., C. Barlow, A.A. Agostinho, E. Baran, G.F. Cada, D. Chen, I.G. Cowx, et al. 2010.
“Fish Migration, Dams, and Loss of Ecosystem Services in the Mekong Basin.” Ambio 39:
344 348.
Fabre, N.N., and R.B. Barthem. 2005. O manejo da pesca dos grandes bagres migradores:
piramutaba e dourada no eixo Solim~
oes-Amazonas. [The Management of Large Migratory
Catfish Fishery: Piramutaba and Dourada in the Solim~
oes-Amazonas]. Manaus: Ibama,
ProVarzea.
Fearnside, P.M. 2001. “Environmental Impacts of Brazil’s Tucuruı Dam: Unlearned Lessons for
Hydroelectric Development in Amazonia.” Environmental Management 27: 377 396.
Fearnside, P.M. 2006. “Dams in the Amazon: Belo Monte and Brazil’s Hydroelectric Development
of the Xingu River Basin.” Environmental Management 38: 16 27.
Fearnside, P.M. 2014. “Impacts of Brazil’s Madeira River Dams: Unlearned Lessons for
Hydroelectric Development in Amazonia.” Environmental Science and Policy 38: 164 172.
Fernandes, C.C. 1997. “Lateral Migration of Fishes in Amazon Floodplains.” Ecology of
Freshwater Fish 6: 36 44.
Fernandes, V.L.A., R.N. Vicentini, and V.S. Batista. 2009. “Caracterizaç~ao do uso de malhadeiras
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