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Despite Amazonia possessing the highest freshwater biodiversity on Earth, urban 
landing data show how huge fishing pressure is placed on only a dozen species. 
However, truly characterising the fishery and understanding the drivers of 
species selectivity is challenging, given the neglect of artisanal fishing activity, 
who may catch most of the Amazon’s fish. We register the catch of 824 fishing 
trips by interviewing artisanal fishers in their rural riverside communities. We 
use these data to characterise the artisanal fishery of the Rio Purus, the main 
fish source sub-system for the Amazon’s largest city (Manaus), and investigate 
the factors determining catch composition. Fishers caught 80 fish species, yet 
just four species made up over half of the harvested biomass. Urban markets 
appear to drive greater selectivity, with a significantly lower species diversity 
in commercial compared to subsistence catches. Fish catch composition varied 
significantly both seasonally and with geographical remoteness from Manaus. 
The spatial turnover in catch composition appears to be driven by urban access, 
with more commercially important species dominating where Manaus-based 
fish-buyers frequent. Our data may partially explain observed overfishing in 
some commercially important species, particularly as most Amazonians now 
live in urban areas.
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Amazonian artisanal fishing catch composition

Apesar da Amazônia possuir a maior biodiversidade de água doce do mundo, 
dados de desembarques urbanos mostram como a grande pressão da pesca é 
focada em apenas uma dúzia de espécies. Entretanto, caracterizar a pesca e 
entender as causas da seletividade das espécies é desafiador pela pesca artesanal, 
que pode capturar a maioria dos peixes da Amazônia, ser negligenciada. 
Registramos as capturas de 824 pescarias entrevistando pescadores artesanais 
em suas comunidades ribeirinhas. Usamos esses dados para caracterizar a pesca 
artesanal do rio Purus, o principal subsistema de origem do pescado para a 
maior cidade da Amazônia (Manaus), e investigamos os fatores que determinam 
a composição das capturas. Os pescadores capturaram 80 espécies de peixes, 
e apenas quatro representaram mais da metade da biomassa. Os mercados 
urbanos parecem direcionar maior seletividade, com diversidade de espécies 
significativamente menor nas capturas comerciais que nas de subsistência. 
A composição do pescado variou significativamente tanto sazonalmente 
quanto com o afastamento geográfico de Manaus. A substituição espacial na 
composição das capturas parece ser direcionada pelo acesso urbano, com espécies 
comercialmente importantes dominando onde os compradores de peixes de 
Manaus frequentam. Nossos dados podem explicar parcialmente a sobrepesca 
observada de algumas espécies comercialmente importantes, particularmente 
porque a maioria da população da Amazônia vive atualmente em áreas urbanas.

Palavras-chave: Diversidade de espécies, Pulso de inundação, Sobrepesca, 
Urbanização.

INTRODUCTION

Millions of Amazonians rely on fishing for their livelihood and food security, with 
fish constituting the main source of protein (Dufour et al., 2016) and earned income 
(Tregidgo et al., 2017) for much of the rural population. With over 2,400 native 
freshwater fish species already registered and an estimated 1,000 left to discover or 
describe scientifically, the Amazon Basin contains the highest freshwater biodiversity 
on Earth (Jézéquel et al., 2020). Despite this, fishing is highly selective (Hallwass, 
Silvano, 2016), and it is estimated that around 100 fish species are commercially 
exploited in the Central Amazon, and that around 90% of the catch is made up of 
just a dozen species (Santos et al., 2006). This puts severe pressures on these selected 
species, and there is evidence that this selective overharvesting has led to some of them 
becoming overfished or endangered (Castello et al., 2013). 

Amazonians are among the world’s greatest fish consumers (per capita), and 
although this figure is higher among rural-dwellers (Isaac, Almeida, 2011; Isaac et 
al., 2015), consumption remains globally high in towns and cities where over three-
quarters of the region’s population now lives (IBGE, 2010). Yet most of the fish landed 
there are thought to be caught by rural artisanal fishers, and subsequently purchased 
by fish-buyers who sell to urban markets (Soares et al., 2020). The rural catch is partly 
dictated by these fish buyers, and hence the urban market demand and access, which is 
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highly selective for certain species and often larger body-sizes. This urban demand has 
been blamed for the overfishing, and therefore the decline, of fish stocks, including 
large-bodied species near to urban areas (Tregidgo et al., 2017; Keppeler et al., 2018).

Current understanding of Amazonia’s fisheries comes largely from urban landing 
data (Soares et al., 2020). The remoteness of artisanal fishers and their “invisibility” 
to wider society (Pontual, 2014) has resulted in a paucity of artisanal fishing data and 
studies, thereby excluding many catches used for subsistence and local sale from official 
estimates, even though they could account for the majority of the region’s overall 
fish catch (Lopes et al., 2019). Where artisanal fish catch has been studied, previous 
work shows the predominance of a limited number of species, and significant seasonal 
differences (Batista et al., 1998; Isaac, 2000). However, while market access is a well-
established major determinant of fishing activities in marine systems (e.g., Brewer et 
al., 2012), studies in an Amazonian context are yet to disentangle market access from 
other ecological and social determinants of fish catch. As most fish is thought to be 
caught by remote fishing communities (Soares et al., 2020) with limited refrigeration 
capacity and connected only by rivers (Parry et al., 2018), a community’s ability to sell 
their fish to the urban market can be strongly determined by their ability to preserve 
(often in ice) and transport (by boat) their catch along rivers to urban centres.

In this study we characterise the artisanal fishery of the lowest ~1,300 km section of 
the Rio Purus, which is the main fishing river to the Amazon’s largest city (Manaus), 
through detailed interviews with fishers in their communities. In doing so we ask, what 
drives the variation in catch composition and diversity? We do so by investigating the 
factors that determine dissimilarities in species catch composition, and how species 
diversity varies between subsistence and commercial catches. We hypothesise that 
catch composition will be determined by distance to urban market centres (Brewer 
et al., 2013), but also by hydrological seasons (Isaac et al., 2016), flooded forest cover 
(Arantes et al., 2018, 2019), and population density (Brewer et al., 2013). 

In our study system of remote roadless rural communities, access to the Manaus 
market is largely determined by Manaus-based fish-buyer boats, who visit the 
communities nearer to Manaus (< 600 km fluvial travel distance) regularly to deposit 
ice (normally the only refrigeration) and purchase fish. Hence to investigate market 
access we investigate how the fish assemblages caught varies with distance from 
Manaus (and other towns), and then investigate the species that dominate in those 
communities with better and worse market access (that receive regular visits from fish-
buyer boats and those that do not). We predict a domination of more commercially 
valuable species, such as Colossoma macropomum (Cuvier, 1816) and Arapaima gigas 
(Schinz, 1822), in those communities with better access to the city’s market. We then 
compare the diversity of catches intended for consumption and for sale, predicting a 
lower diversity in commercial catches.

MATERIAL AND METHODS

Study area. This in situ study of artisanal fishing activity was carried out in rural 
riverside communities along the mid-lower Rio Purus in the Brazilian Amazon (Fig. 
1). Communities were situated in and around várzea forest, which is a floodplain 
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forest seasonally inundated by whitewater rivers. The Rio Purus supplies more fish to 
the Amazon’s largest city, Manaus (population 2.2 million people; IBGE, 2020) than 
any other Amazonian sub-system (Batista, Petrere Júnior, 2003; Cardoso et al., 2004). 
Demand from Manaus has been attributed to causing overfishing of the commercially 
important Colossoma macropomum in the river (Tregidgo et al., 2017). However, apart 
from overfishing, the mid-lower Purus does not suffer significantly from the other 
major threats to Amazonian freshwater degradation: deforestation, pollution and dam 
construction (Castello et al., 2013). The mid-lower Rio Purus catchment has high 
remaining forest cover, and low human population densities (in Tab. S1). It is one 
of three Amazonian tributaries with an entirely undammed watershed (Winemiller 
et al., 2016). The Purus therefore presents a unique opportunity to assess fishing 
activity while minimising the contribution of other major confounding factors that 
are known to impact fish populations.

The Rio Purus sees some of the highest seasonal amplitudes (~15 m) in river levels 
in the Amazon Basin (Castello, Macedo, 2016), transforming much of the catchment 
into flooded forest. The seasonal flood pulse has an enormous impact on aquatic and 
terrestrial ecology and the activities of the local people in the Amazonian floodplain 
(Junk et al., 1989; Endo et al., 2016). Data were collected during high-water (April – 
July 2014) and low-water (August – November 2014) field seasons. This also avoided 
working during the fishing closed period (Corrêa et al., 2014), thereby avoiding 
another level of variation in fishing activity or the reporting of. The timing of our 
two descents of the Rio Purus were intended to accompany the fluctuating water 

FIGURE 1 | Map of the study area.
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levels, aiming to visit each sampled community at approximately the peak of both the 
high and low-water seasons. In order to achieve this, we planned the timing of the 
journeys on the river-level calendar based on long-term averages (Coe et al., 2002).

Sampling. We worked in the Amazonas state, downstream of the town of Lábrea 
and upstream from the confluence with the Rio Solimões, visiting 22 communities. 
Travelling downstream, our protocol was to stop at the first community we came to 
that (a) had 10–30 occupied residences, (b) had fishing grounds relatively independent 
of other sampled communities (mean = 61 km fluvial travel distance between 
communities, minimum = 13 km), and (c) avoiding communities in the federally 
designated Abufari Biological Reserve. These communities were spread along a 
distance gradient of 205–1,483 km fluvial travel distance from Manaus, as calculated 
using the travel network function in ArcGIS 10.2.2 (ArcMAP, 2014).

We visited a maximum of 20 households per community (mean = 13.2 per 
community visit). Where a community had more than 20 households, we would ask 
the village president (or another representative where absent) for the name of the head 
of each household, which they would then select randomly in a lottery system, aiming 
to achieve a representative sample of the community. Within each household we 
interviewed every resident of 16 years of age or older that had been fishing in the past 
30 days. Interviews were used to collect data concerning fishing activities, including 
a recall of all the fish that they had caught in recent days (past 72 h). 

Fishing data. All data concerning fishing catch was obtained via interviews with 
fishers within their communities. Conservation scientists are increasingly utilising 
interviews with resource-users to recall catches in order to estimate harvest levels and 
species composition, which has been shown to be similarly accurate and precise to 
ecological methods (Johnson, Van Densen, 2007; Thurstan et al., 2015). All surveyed 
fishers were asked in detail about the species catch composition of every fishing 
trip that they had undertaken in the 72 h prior to the interview. To keep response 
variables spatially associated with the community’s location, we restricted information 
to fishing trips that had occurred within 2 h journey by motorised canoe (“rabeta”) 
from the fisher’s home in the community. Insights from a pilot study indicated that 
two hours of travel time was a measure to which local people could accurately relate, 
equating to a standard distance of around 18 km fluvial travel distance from the 
community (Parry, Peres, 2015). Regarding catch, respondents were asked to identify 
every fish caught (to species level where possible), and approximately how many 
individuals of that taxa that had been caught. They were also asked whether the catch 
from each fishing trip was for consumption, sale, or both.

Our pilot study confirmed previous work (Pinho et al., 2012) that states that where 
fish are sold directly by the fisher per unit weight, the fisher can estimate biomass 
of these species accurately. In our study system this was the case for larger species 
(those that commonly weighed > 1 kg), namely the large catfish (Pseudoplatystoma 
punctifer (Castelnau, 1855), Phractocephalus hemioliopterus (Bloch & Schneider, 1801), 
Pseudoplatystoma tigrinum (Valenciennes, 1840), Brachyplatystoma filamentosum 
(Lichtenstein, 1819), and Zungaro zungaro (Humboldt, 1821)), and Arapaima gigas, 
Colossoma macropomum, Osteoglossum bicirrhosum (Cuvier, 1829), and Piaractus 
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brachypomus (Cuvier, 1818)), which were commonly sold species, and priced per 
kilogram. In the few cases that these estimates were missing (rarely, fishers felt unable 
to estimate) a mean of all other estimates of the relevant species’ weight was used. 
Smaller species (e.g., Mylossoma albiscopum (Cope, 1872) (formerly M. duriventre) 
were however commonly fished for subsistence or sold per individual, and fishers 
found estimating biomass of these species more challenging during the pilot study, 
so we therefore did not rely on fisher biomass estimates for these species, and instead 
calculated catches using average species weights as landed by Purus fishers.

While maximum species weights can be derived from FishBase (Froese, Pauly, 
2015), we wanted to accurately represent average landed species weights. This was 
challenging to obtain in the field because we required the average weight that was 
caught and landed by a local fisher as uninfluenced by the researcher, and hence 
we were unable to weigh fish caught by ourselves, or fish that we asked a fisher 
to catch for us. We therefore opportunistically weighed 1,515 individual fishes of 
42 species (two of which were identified only to genus level) that were caught and 
landed by local fishers. A mean weight per species was used in analyses for those 
weighed. However, for certain rarer species (e.g., Acestrorhynchus falcirostris (Cuvier, 
1819)) where we lacked locally measured weights, we calculated mean landed weight. 
We first calculated the maximum species weight by inputting maximum lengths and 
relevant coefficients from FishBase (Froese, Pauly, 2015) into the fish weight-length 
equation. We then calculated how much smaller the fish landed by Purus fishers were 
than maximum sized fish from the literature (Santos et al., 2006; Froese, Pauly, 2015), 
finding that the mean landed fish was 60–89% (reduction factor) of the maximum 
species weight. Reducing the maximum species weight by the calculated reduction 
factor of the closest related species possible where FishBase data was available, gave 
us our estimates of mean landed weights for each species. The overall weight of fish 
caught in each harvesting trip (past 72 h) was calculated by multiplying the number 
of individuals caught of a particular fish species by the average tabulated weight (in 
Tab. S2) for that species.

Statistical analysis. Statistical analyses were undertaken to investigate which 
factors determine the composition and diversity of artisanal fish catch, and namely 
test the hypothesis that it is determined by urban market access. As urban market 
access per se. cannot be measured, we statistically compare two distinct indicators of 
it. Firstly, we investigated how caught fish assemblages differ between communities 
of different levels of urban access; a distance based linear model (DistLM) compared 
species assemblages along a continuous measure of distance to Manaus, while a 
similarity percentage (SIMPER) analysis specifically compared those communities 
that do or do not receive regular visits from Manaus-based fish-buyers. Due to the 
low species richness of individual fishing trips, fish community assemblages were 
analysed at the level of community (made up of multiple fishers and fishing trips) by 
season (n = 43). Secondly, we compared the species diversity of individual fishing trips 
(n = 824) between catches that were for consumption or sale.

DistLMs were used to assess the relationship between a multivariate species 
resemblance matrix describing similarities between species biomass and predictor 
variables. DistLM is used in studies that look to explain species compositional differences 
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within ecological communities (e.g., Moore et al., 2010). In essence, DistLM tells us 
which variables best explain the (dis)similarities in species biomass. The variables used 
in this analysis were seasons (high- and low-water), percentage flooded forest cover 
(within a 5 km radius of the community), municipality population density, and fluvial 
travel distance to Manaus and to the nearest town. A resemblance matrix was made 
for the biomass of the 20 fish species with the greatest total biomass that were caught 
in the 72 h prior to interview. The Bray-Curtis similarity index was used to analyse 
these data. All data were aggregated to the level of community by season (n = 43, as 
22 communities were visited during the high and low-water seasons, apart from one 
that was abandoned on revisit in the low-water season).

We used SIMPER analysis to identify the fish species that most contributed to the 
dissimilarity in fish assemblages (e.g., Hallwass, Silvano, 2016) among variables in the 
significant models. The software Primer+Permanova (Clarke, Gorley, 2006) was used 
to perform DistLM and SIMPER analyses. SIMPER analyses compare two categories, 
which we used as seasons (high- and low-water), and access to Manaus (highly or 
poorly accessible). The latter is a discrete categorisation, distinct to the continuous 
kilometre scaling used in the DistLM tests. It distinguishes communities with good 
access to the Manaus market that receive regular (at least weekly) visits from Manaus-
based boats that deposit ice and sell fish, from those that do not. Due to the activity 
of the fish-buyer boat, those communities with good market access are also less-
remote (205–577 km fluvial travel distance from Manaus) compared with those poorly 
accessible communities (779–1,483 km fluvial travel distance from Manaus). While 
irregular and sometimes community-owned fish-transportation boats did exist, they 
were particularly rare in the more-remote and less-accessible communities, probably 
due to the huge travel distances to Manaus, with consequent high transport costs and 
poorer ability to keep fresh fish preserved.

Non-metric Multidimensional Scaling (NMDS) graphs were made to compare 
fish assemblages between hydrological seasons and urban access. The NMDS analyses 
do not provide variance explained by the two first NMDS axes, but the stress. Stress is 
the goodness-of-fit statistic that MDS tries to minimise. It consists of the square root 
of the normalized squared discrepancies between interpoint distances in the MDS plot 
and the smoothed distances predicted from the dissimilarities. Stress varies between 
0 and 1, with values near 0 indicating better fit. Lower than 0.05, the graph gives an 
excellent representation of the high-dimensional data. A stress value between 0.2 and 
0.3 is considered a poor but still useful representation. However, acceptable values of 
stress depend on the quality of the distance matrix and the number of objects in that 
matrix.

Species diversity calculations and statistical analyses were undertaken using R 
statistical software version 4.02 (R Core Team, 2020), and were analysed at the level 
of fishing trip. Species diversity was calculated using the Shannon’s diversity index in 
the vegan package. Due to the high number of fishing trips where species richness was 
1, and hence the diversity score was zero, we used a zero-inflated GLMM (general 
linear mixed-effect model) with fisher I.D. as a random factor to test for trends in 
the glmmADMB package. Model diagnostic plots were subsequently inspected. We 
compared diversity between fishing trips just for consumption, for consumption and 
sale, and just for sale using Tukey post-hoc tests.

https://www.ni.bio.br/
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RESULTS
During the high and low-water seasons in 2014 we recorded the recent catch (past 

72 h) of 374 different fishers from 824 fishing trips (once fishing trips yielding no 
catch were excluded). Local fishers reported catching almost 26,000 individuals of 80 
species of fish, only four of which were not identified to species level. These four fish 
types were known locally as cará-açu, consisting of Astronotus crassipinnis (Heckel, 
1840) and Astronotus ocellatus (Agassiz, 1831), piranha branca consisting of Serrasalmus 
striolatus Steindachner, 1908 and Serrasalmus gouldingi Fink & Machado-Allison, 1992, 
bodó consisting of the Pterygoplichthys genus (previously Liposarcus); mainly P. pardalis 
(Castelnau, 1855) (Santos et al., 2006), and sarapó, which are Gymnotiformes (Tab. 
S2). They were grouped together because many local people were often unable to 
distinguish between them.

FIGURE 2 | The most important 20 fish species by total biomass caught, in descending order, split by season. These species represent 90% of 

the total biomass caught.

Variable Pseudo F P R2

Marginal tests

Distance to the nearest town 0.74 0.701 0.02

Distance to Manaus 4.04 <0.001 0.09

Population density 0.51 0.874 0.01

Percentage várzea 1.37 0.178 0.03

Season 4.96 <0.001 0.11

Model building

Season 4.96 <0.001 0.09

+ Distance to Manaus 4.48 <0.001 0.16

TABLE 1 | Results of DistLM analyses showing factors explaining dissimilarities in fish catch composition. These are marginal tests for 

each variable, applying the Bray Curtis similarity index. Significant variables (Distance to Manaus and Season) are highlighted in bold.

https://www.ni.bio.br/
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Despite the high species richness of fish captured overall, a fraction of the species 
made up the vast majority of the total biomass of fish landed both in high- and low-
water seasons (Fig. 2). For example, over half of the biomass caught came from just 
four species: Mylossoma albiscopum, O. bicirrhosum, C. macropomum, and A. gigas, while 
20 species made up 90% of the biomass (Fig. 2; Fig. S3; Tab. S2).

What determine dissimilarities in fish catch composition?
DistLM analyses support our prediction that distance from Manaus and season 

explain much of the difference in fish catch composition (Tab. 1), both of which were 
highly significant (P < 0.001). The other factors included in the model, distance to 
the nearest town, population density and percentage várzea cover, were not found to 
be significant.

Highly distinct differences in seasonal catch composition can be seen through 
NMDS (Non-metric Multidimensional Scaling) graphs (Fig. 3). High-water catch 
was dominated by M. albiscopum and C. macropomum. Along with Pimelodus blochii 
(Valenciennes, 1840), which was also mainly caught in the high-water (Fig. 2), these 
three species were identified by SIMPER analysis to contribute the most to seasonal 
dissimilarity in catch composition, together contributing to 35% of this variation 
(Tab. 2). Catch in the low-water season was more diverse, and O. bicirrhosum, A. gigas, 
and M. albiscopum made up the greatest biomass of fish caught (Fig. 2). However, 
SIMPER analyses show that Triportheus angulatus (Spix & Agassiz, 1829), O. bicirrhosum, 
P. punctifer (formerly P. fasciatum) and A. gigas, which each contribute 5–6% to seasonal 
catch dissimilarity, contribute most to seasonal differences in favour of the low-water 
(Tab. S4).

FIGURE 3 | Fish assemblages vary markedly by (A) hydrological season and (B) geographical remoteness, shown by NMDS (Non-metric 

Multidimensional Scaling) graphs. Based on similarity analysis of seasonal fish assemblages. Less-remote communities are those < 600 km 

fluvial travel distance from Manaus, which receive visits by Manaus-based boats that purchase fish and deposit ice at least weekly, while 

more-remote communities are those > 600 km fluvial travel distance from Manaus that do not.
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Spatially, we investigated differences in the catch composition of communities 
based on their degree of access to the Manaus market. For many fishers this is largely 
determined by the regular visitation of fish-buyer boats from Manaus, as most fishers 
without this are unable to gain regular access to the Manaus market. Hence in this 
study, those communities defined as having good-access to Manaus received a weekly 
visit by a fish-buyer boat, while those defined as having poorly-access did not. Three 
commercially important species (Santos et al., 2006), M. albiscopum, C. macropomum, 
and A. gigas, were mainly caught in communities with good access to the Manaus 
market, making up 39% of the spatial variation in biomass catch composition (Tab. 
S5). Species with established trade in salted fish, O. bicirrhosum, P. punctifer, and 
Phractocephalus hemioliopterus, were mainly caught in communities with poorer access 
to the Manaus market, together contributing 20% of the spatial catch composition 
variation.

Consumption or sale
Whether a catch was for consumption or sale (as defined by the fisher) was our 

second indicator of urban market influence on catch. Most fishing trips were reported 
to be for consumption only (n = 552), followed by both consumption and sale (n = 
216), and with less only for sale (n = 56). Despite this, most of the total fish biomass 
was caught during trips for consumption and sale (58.4%), as the mean biomass 
caught during fishing trips for consumption (5.0 kg) was much lower than those for 
consumption and sale (25.8 kg) or sale (21.9 kg). Most fishing trips in communities 
with poorer urban market access (not receiving regular fish-buyers) were for 
consumption only (80%), while this was less than half (47%) in those communities 
with better access (Tab. S6). Species caught in trips only for sale were dominated by 
M. albiscopum and C. macropomum in the high-water (Fig. 4A), and A. gigas in the 
low-water season (Fig. 4B).

TABLE 2 | The fish species that contribute most to the variation in catch biomass between seasons and levels of urban access (with the city 

of Manaus) – SIMPER analyses. Access to the Manaus market is largely defined by the visitation of fish-buyer boats from Manaus, as most 

fishers without this are unable to gain regular access to the Manaus market. Refer to Tabs. S4 and S5 for full results.

Season Manaus market access

Species Greater contribution
Percentage 

contribution
Greater contribution

Percentage 

contribution

Mylossoma albiscopum High-water 14.64 Good access 19.17

Pimelodus blochii High-water 10.54 Poor access 7.48

Colossoma macropomum High-water 10.05 Good access 11.08

Triportheus angulatus Low-water 7.42 Poor access 4.86

Osteoglossum bicirrhosum Low-water 6.87 Poor access 9.18

Pseudoplatystoma punctifer Low-water 6.85 Poor access 6.50

Arapaima gigas Low-water 6.45 Good access 8.58
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FIGURE 5 | Fish species diversity caught by rural artisanal fishers on the Rio Purus. Fishing catches to be sold were less diverse than those 

to be consumed. Trips were classified based on whether the stated intention by the fisher was to sell, for household consumption or both. 

The Shannon’s diversity index, calculated per fishing trip, is shown.

FIGURE 4 | Fish species rank curve (by percentage biomass), during the (A) high-water and (B) low-water seasons. (A) Mylossoma albiscopum 

and Colossoma macropomum dominate high water catches, both for sale only (red) and for both sale and consumption (black). These species 

are also both important in catches for consumption only (green), but Pimelodus blochii is the most important species in this category. (B) 

Arapaima gigas dominates low-water season commercial fish catches (red), Osteoglossum bicirrhosum in catches for both consumption and 

sale (black), and Mylossoma albiscopum (=M. duriventre) and Triportheus angulatus in catches for consumption only.
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Fish species diversity was significantly greater in the low-water season (mean 
Shannon’s diversity index of 0.49) compared to the high-water season (0.38; p = 
0.0146), and varied significantly among fishing trip type (p < 0.001; Fig. 5). Post-
hoc testing showed no significant difference between fishing trips for consumption 
only (0.49) and those for both consumption and sale (0.36; p = 0.060). However, 
fishing trips only for sale (0.14) were significantly less diverse from both trips for 
consumption only (p = 0.006) and those for both consumption and sale (p = 0.017).

DISCUSSION
In this paper we analyse the fishery of the lower Rio Purus, which is the main 

fishing river for the Amazon’s largest city, through the catch composition of the 
artisanal fishers that rely on it for their subsistence and livelihoods. To understand the 
fishery, we looked at differences in fish catch between hydrological seasons, levels of 
urban market access, and between subsistence and commercial catches. The seasons 
impacted catch composition. Our results also emphasise a concentration of demand 
on a limited number of species, and how urban market access appears to drive a 
different and more selective catch composition, as this pattern was seen in our two 
analyses of urban market access. Firstly, distance to the urban market of Manaus was 
a significant determinant of differences in fish assemblages, and a greater focus on 
several commercially important species in communities with better access to the city 
via fish-buyers contributed to much of this difference. Secondly, the species diversity 
of the catch was significantly lower when it was for sale and not for consumption, 
suggesting that fishing is more selective when intended for the urban market.

Concentrated demand on few species
A main finding was that the artisanal fishery is concentrated on few species, 

with over half of the catch in biomass being made up of just four species. Given the 
enormous richness of thousands of fish species in Amazonia (Jézéquel et al., 2020), 
even a seemingly rich catch of 80 fish species caught during over 800 fishing trips 
emphasises how fishers are selective on a relatively small proportion of the whole fish 
assemblage. This supports studies from other parts of the Amazon, for example where 
Isaac (2000) found that 10 taxa comprised 75% of the artisanal fish catch of 70 species 
in communities in the eastern Amazon. Moreover, analyses of the Manaus fishery 
estimate that around 100 fish species are commercially exploited, 37 are regularly 
offered in the city’s market, and just 10 make up 80% of its city’s catch (Santos et 
al., 2006; Soares et al., 2020). By incorporating fisher knowledge which determines 
whether a catch was for consumption or sale, we expand on the well-established 
conclusion that Amazonian fish catch is highly selective, by showing how it is 
significantly more selective (lower catch diversity) when destined for sale (see Urban 
market access section).

The literature offers several explanations for why fish catch is highly selective, 
relating to ecological and cultural factors including catchability, cultural preferences, 
and market demand (Tsikliras, Polymeros, 2014). There is a general preference 
in fisheries for large-bodied species (Allan et al., 2005), and this is reflected in the 
commercial focus towards A. gigas, C. macropomum and large catfish (e.g., P. punctifer), 
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in our data. Moreover, C. macropomum is also renowned for its good taste, and is by far 
the preferred species among local Purus fishers (Tregidgo et al., 2017), and the most 
consumed among urban Manaus dwellers (Pesquisa365, 2015).

Urban market access
While artisanal fishers only exploit a small part of the fish assemblage, our data 

showing even lower diversity in commercial catches suggests that urban market 
access can drive artisanal fishers to be even more selective. Our catch data demonstrate 
concentration of fishing pressure on a few species raising the prospect of overfishing. 
This possibility is supported by evidence that these catches are dominated by several 
commercially important valuable (R$/kg) species (Fig. S3), classified as Nearly 
Threatened (NT) (A. gigas) (ICMBio, 2018) or overfished (C. macropomum and P. 
punctifer) (Castello et al., 2013). This highly selective fishing pressure on vulnerable 
stocks is likely to explain spatial declines (defaunation ‘shadows’ around urban areas) 
and temporal declines in fish catch-per-unit-effort, body size or urban landings 
(Batista, Petrere Júnior, 2003; Tregidgo et al., 2017). 

Species composition was influenced by distance to Manaus, and urban-based 
fish-buyers appear to have played an important role. As hypothesised, commercially 
important species that are sold on ice in the metropolitan centre of Manaus, including 
C. macropomum, A. gigas, and M. albiscopum (Santos et al., 2006), were more important 
in those communities with better access to the Manaus market that receive regular 
(at least weekly) visits from city-based boats that buy fish and deposit ice. Given 
the tropical climate and large travel distances from our studied communities of 
up to ~1,500 km to Manaus and ~250 km to the nearest urban area, some form of 
refrigeration is essential for the sale of fresh fish to the urban market. The availability 
and access to ice is regarded as an important determinant of fishing capacity in tropical 
fisheries in which refrigeration is otherwise not possible (Almeida, 2004; Brewer et al., 
2013). Our data supports and furthers this idea, suggesting that ice availability is an 
important driver not only of fishing capacity, but also of species composition. These 
trends can perhaps partially explain why certain commercially important species in 
our study system (Tregidgo et al., 2017), as well as in marine (Brewer et al., 2009) 
and terrestrial (Parry, Peres, 2015) wildlife appear predominantly defaunated nearer 
to centres of urban demand. These results therefore demonstrate the importance of 
urban markets and specifically urban access in shaping the catch of artisanal fishers. 

The relative importance of fresh fish has increased compared to salted and dried 
fish throughout the Amazon over recent decades (Garcia et al., 2009). Salting fish is 
a more traditional form of preservation in Amazonia (McGrath et al., 1993), and is 
still widely practiced for certain species and in areas without reliable refrigeration 
(Ferreira et al., 2020; Guzmán Maldonado et al., 2017; DT, pers. obs.). Three species 
that explained a lot of the spatial variation in catch (Tab. S5), O. bicirrhosum, P. punctifer, 
and P. hemioliopterus, were mainly caught around more-remote rural communities not 
regularly provisioned with ice, and are species with an established trade in being sold 
salted, which could explain this. 

Seasons
Hydrological seasonality was a significant factor determining catch composition, 
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albeit explaining just 11% of the variation of the catches in biomass when considered 
alone. This was expected due to the huge importance of the flood pulse in local ecology, 
and as a strong seasonal component has been observed in the catch composition in 
other rural fishing studies (Batista et al., 1998) and of urban landings (Batista, Petrere 
Júnior, 2003; Soares et al., 2020). Many Amazonian fish species are migratory, and are 
only locally abundant during certain periods of the year (Araújo-Lima, Ruffino, 2003). 
The disproportionate contribution of A. gigas and O. bicirrhosum to the low-water 
season catch can likely be explained by easier capture of when they are concentrated 
in floodplain lakes (Soares et al., 2020), which are inundated during the high-water 
season. We do however note one limitation of our study design, which captured 
the high and low-water season catch, but missed other distinct periods such as the 
rising and falling waters, in which other species are likely to make a more important 
contribution (Soares et al., 2020).

The annual flood pulse inundates large areas of forest, providing a distinct seasonal 
fishing ground, as fish are temporarily dispersed throughout the forest. While most 
fishing among Purus fishers is undertaken in rivers and lakes during low-water, almost 
all fishing during the high-water season occurs in the flooded forest (Tregidgo et al., 
2020). During this period, fruits from floodplain forests dominate the diets of many 
Amazonian frugivorous fish (Lucas, 2008), and local fishers take advantage of this 
by targeting fruit-consuming fish (e.g., P. blochii and M. albiscopum) under fruit trees, 
using fruits as bait, and/or through acoustic imitation of fruit falling into the water 
via a gaponga or flicking the water’s surface (DT, pers. obs.; Goulding, 1981). Given 
the essential ecosystem service of seed dispersal performed by frugivorous fish species, 
their overfishing can have important cascading ecosystem effects (Correa et al., 2015; 
Costa-Pereira et al., 2018).

In consuming large quantities of fruit, frugivorous fish accumulate larger stores of 
fat in high-water periods (Junk, 1985). Frugivorous fish may be relatively important 
as a fat source given that some Amazonian fish species have significantly lower fat 
content during the high-water period (Petenuci et al., 2016). Due to the severe 
food insecurity identified in floodplain populations during the high-water season 
(Tregidgo et al., 2020), and that fat is generally in more scarce supply than protein 
in many tropical forest-dwellers (Sirén, Machoa, 2008), frugivorous fish may play a 
particularly important role in nutrition of riverine populations during this lean season. 

Challenges for management and final remarks
Our data suggests that much of the pressure on fish populations comes from the 

highly selective demand for relatively few species, particularly from the metropolitan 
centre of Manaus. Diversifying the fish species consumed in urban areas could 
potentially alleviate some of the pressure on the populations of target species (Hallwass, 
Silvano, 2016; Soares et al., 2020). However, this is likely to be challenging in practice, 
given the taste and cultural preferences for certain species. Alternative sourcing, 
particularly of large slow-reproducing species (e.g., A. gigas and C. macropomum), 
through community-based management (Castello et al., 2009; De Mattos Vieira et al., 
2015; Petersen et al., 2016) or fish farming (Mattos et al., 2021) also hopes to alleviate 
pressures on wild stocks.

However, this study demonstrates how these species remain a target for local 
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fishers, probably in a large part due to the high price paid for them by fish buyers 
(Fig. S7).

Amazonian fisheries policy is largely based on restrictions (Corrêa et al., 2014), and 
fish farming has been suggested as a method to reduce fishing pressure on wild stocks 
(Montenegro, Souza, 2016). Yet the clear importance of the vulnerable C. macropomum 
in the high-water season catch shows how the region’s most important farmed fish 
species (IBGE, 2018) is still heavily exploited in the wild, and how important it appears 
to be to the food and livelihood security of local people during this season of tough 
fishing (Tregidgo et al., 2020). While high selectivity in this fishery may threaten 
those most captured, further restrictions on them should be considered with caution, 
as restricting wild resource use can have a comparable detrimental impact on fishers 
(and hunters) to biological population declines (Adams, 2004; Wilkie et al., 2006; 
Sodhi, 2008; Antunes et al., 2019).

Fish populations and fishers can prosper through the sustainable harvest and 
community co-management of commercially important species like A. gigas 
(Gonçalves et al., 2018). However, as this is limited to certain highly managed areas, 
and as it is most successful with non-migratory species (Petersen et al., 2016), it is only 
part of the solution in the Amazon where management resources are highly limited, 
and many species are migratory. Commercially important catfish are known to 
migrate hundreds or even many thousands of kilometres, and rely on an unobstructed 
passage to complete their life cycles (Araújo-Lima, Ruffino, 2003; Barthem et al., 
2017). They are therefore particularly vulnerable to widespread dam construction 
(Duponchelle et al., 2016; Vasconcelos et al., 2021), which inhibits the passage of 
migratory fish (Carolsfeld et al., 2003; Winemiller et al., 2016). 

The large presence of migratory fish species in the catch of remote communities may 
reflect the study river, as the Rio Purus is undammed. Our data shows how migratory 
species like Phractocephalus hemioliopterus and P. punctifer, which have an established 
market in their salted form, make an important contribution to the commercial catch 
in remote Purus communities with poor access to the more lucrative fresh fish trade, 
due to lack of regular fish-buyers and ice supply. Communities elsewhere in Amazonia 
may therefore be vulnerable to the depletion of migratory catfish populations due to 
dam construction, which will leave only three free-flowing Amazonian tributaries if 
all planned dams are constructed (Castello, Macedo, 2016).

This paper responds to a lack of data and study of Amazonian artisanal fish catch 
composition, by characterising the Rio Purus artisanal fishery, and exploring variation 
in the catch profile. We demonstrate that most fishing pressure is placed on relatively 
few species, and even fewer when destined for the main urban market in the region. 
Given the important nutritional (Heilpern et al., 2021) and ecological (Costa-Pereira et 
al., 2018) roles of many of these targeted species, the potential implications of selective 
overfishing go beyond the fishery itself. While reducing major threats to Amazonian 
freshwaters such as overfishing, mining, landcover change and dam construction is 
essential, a multifaceted approach is required to reduce selective pressures on targeted 
fish species, incorporating a variety of stakeholders, from rural fishers to urban 
consumers. 
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