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Abstract
Amazonian livelihoods are largely dependent on rivers, with local protein consumption mainly relying on several
species of fish. The UJER (Upper Juruá Extractive Reserve - Reserva Extrativista do Alto Juruá) is located in the state of
Acre, bordering Peru and several indigenous areas. Here we summarize the data we collected in 1993/1994 on the
population living along the banks of the Juruá, Tejo, Bagé, Igarapé São João and Breu rivers on crop cultivation, animal
husbandry, and use of game and fish resources. We interviewed 133 individuals (94 on the Juruá and Tejo, 16 on Bagé,
16 on Igarapé São João and 7 on Breu rivers). Our results include a comprehensive description on local livelihoods,
including the most important fish species for local subsistence considering gender and seasonality, the main husbandry
and game species, and the items cultivated on the local agriculture. Whenever more recent information was available
in the literature, we compared changes in livelihoods over time in the same region and also with the recent patterns
observed in the Lower and in the Middle Juruá River. We hope to provide useful information to understand temporal
changes in local livelihoods, which can help adapt and shape the ecological management in the region.
Keywords: biodiversity, extractive reserves, fish, food security, Upper Juruá, Livelihoods, RESEX.
Resumo
Comunidades da Amazônia são amplamente dependentes dos rios, com o consumo local de alimentos baseado
em várias espécies de peixes. A UJER (Reserva Extrativista do Alto Juruá - Reserva Extrativista do Alto Juruá) está
localizada no estado do Acre, na fronteira com o Peru e com várias áreas indígenas. Aqui resumimos os dados que
coletamos em 1993/1994 da população que vive às margens dos rios Juruá, Tejo, Bagé, Igarapé São João e Breu
sobre cultivo, criação de animais e uso de recursos de caça e peixes. Foram entrevistados 133 indivíduos (94 nos
rios Juruá e Tejo, 16 em Bagé, 16 em Igarapé São João e 7 no rio Breu). Nossos resultados incluem uma descrição
abrangente dos meios de subsistência locais, incluindo as espécies de peixes mais importantes para a subsistência
local, considerando gênero e sazonalidade, bem como as principais espécies de criação, de caça e os itens cultivados
na agricultura local., Quando foi possível obter informações da literatura, comparamos as mudanças nos meios de
subsistência ao longo do tempo na mesma região e também com os padrões recentes observados no Baixo e no
Médio Rio Juruá. Esperamos fornecer informações úteis para o entendimento das mudanças temporais nos meios
de subsistência locais, o que pode ser útil ao manejo ecológico da região.
Palavras-chave: biodiversidade, reservas extrativistas, peixes, segurança alimentar, Alto Juruá, modos de vida, RESEX.

1. Introduction
As the pressures mount over Amazonia, the region
is at a crossroads regarding biodiversity conservation
and livelihoods of local people, which tend to be largely

dependent on rivers (Begossi et al., 2019). Adding to that,
most of the local conservation initiatives do not properly
include aquatic ecosystems (Castello et al., 2013), while
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the ones that do struggle against governmental pressures
that try to downgrade, downsize and degazette them
(Ferreira et al., 2014). Also, protected and unprotected areas
suffer from various impacts, including the establishment
and planning of hundreds of hydroelectric dams
(Winemiller et al., 2016), new roads and the increasing
deforestation rates for cattle pastures and soybean crops,
which now form large corridors isolating fragments of forest
(Fearnside, 2001, 2007, 2017a, b). All of these changes have
consequences on terrestrial and aquatic environments.
Large dams for hydropower generation, for example,
have affected fish and fisheries in large Amazonian rivers,
by reducing the availability of commercial migratory
fish, extinguishing fish species that depend on specific
habitats flooded by dams, and changing fish community
by transforming lotic environments into lentic ones
(Petrere, 1996; Hallwass et al., 2013a; Santos et al., 2018,
2020; Arantes et al., 2019).
An alternative to slow down the negative pressures on
the Amazonia is the establishment of reserves or agreements
between the local people and the government, such as
participatory regimes to regulate the use of resources,
including co-management strategies (Lopes et al., 2011).
Co-management systems of fishing resources are locally
based and can include the active participation of fishers
with the support of government, civil society and research
institutions (Castilla and Defeo, 2001; Gutierrez et al., 2011).
In the last decades, several locally based and bottom-up
co-management systems emerged in the Brazilian Amazon
with the goal of managing fishing territories (usually
floodplain lakes), by excluding outsiders that do not
follow management rules, such as fishing restrictions or
no-take areas (Begossi et al., 1999; Castro and McGrath,
2003; Lopes et al., 2011; Campos-Silva and Peres, 2016).
Co-management has shown great potential to improve
fishing yields and increase fish abundance in the more
productive white water floodplains (Almeida et al., 2009;
Castello et al., 2009; Silvano et al., 2009; Campos-Silva
and Peres, 2016). Although less studied, there is evidence
that co-management also contributes to increased fishing
yields, fish abundance or reduced fishing pressure in
the less productive clear and black water rivers in the
Brazilian Amazon (Sobreiro et al., 2010; Silvano et al., 2014,
Keppeler et al., 2017).
Besides the increase in fishing yields, co-management
has also the potential to catalyze social transformations
of disenfranchised rural communities. Income generation
for instance can improve the livelihoods, not only at a
family level, but also at a community level, improving
common infrastructure (Campos-Silva and Peres, 2016;
Freitas et al., 2020a, b). Co-management can also ensure
important non-monetary values, including cultural
maintenance and increasing of community self-esteem
(Campos-Silva and Peres, 2016). Finally, co-management
can also help with the global fight against gender inequality,
generating a rare economic opportunity for women
(Freitas et al., 2020a, b).
Co-management systems can be established either
in or outside reserves. The Brazilian National System of
Protected Areas (SNUC, acronym in Portuguese) includes
some categories of protected areas that are exclusively
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based on co-management arrangements. One of these
categories are the Extractive Reserves, which have as their
main goals the protection of biodiversity associated to the
maintenance of sustainable economic activities by local
people, usually with a strong focus on fishing resources
(Lopes et al., 2011). The Upper Juruá Extractive Reserve
(hereafter UJER), in Portuguese Reserva Extrativista do
Alto Juruá, was created in 1990, representing the first of
its type established in Brazil, located in the State of Acre,
in the Brazilian Amazon. Its creation had the participation
of rubber-tapper associations and grassroots movements:
their pressure towards the governmental environmental
agencies resulted in increasing the extension of the reserve,
by including, besides the major Juruá river, the Tejo river
(Almeida, 2004).
Several co-management initiatives focus on fish due to
its relevance for Amazonian food security, although there
is relatively high variation in fish intake per capita, ranging
from an average of 87g of fish per day (Isaac et al, 2015)
to 805 g (Begossi et al., 2019; Issac and Almeida, 2011).
Regardless of such variations, fish is an important protein
source and its extraction through fishing, by riverine people,
represents a positive cost-benefit ratio compared to other
sources of meat, especially those acquired in external
markets (Silva and Begossi, 2009). For example, studies
about riverine people at the Mekong River, specifically
in Cambodia and Laos, show that shifting protein based
on aquatic resources to land resources produce impacts
on land uses, water consumption, and nutritional value
of the protein (Orr et al., 2012). Forests provide food for
native people; fishing, in particular, is among the most
important economic activity in Amazonian rivers for
providing food and for being a source of income, where
formal jobs are almost non-existent (Pimentel et al., 1997;
MacCord et al., 2007; Hallwass et al., 2011, 2013b; Hallwass
and Silvano, 2016).
Much of what is known about the UJER is found in the
grey literature, such as dissertations on the relations of
patronage (definitions about these relations in Brazil are
found in Carvalho, 1997), and other archaic rural forms
and obstacles to local movements that sometimes ended
in local conflicts (Lozano, 1998, 2010), on the effects of
government interventions and programs at UJER (Freitas,
2012), or on the effects of local collective rights within the
UJER (Luna, 2014). Archaic patronage systems were still
in place in 1993, representing an important obstacle for
the trades of goods produced or needed by the ribeirinhos.
After 30 years of creation of an extractive reserve at
the Upper Juruá river, not much is known about how the
riverine population has used the local natural resources,
in spite of UJER original goal of reconciling conservation
with the promotion of sustainable livelihoods. There is also
very little information in the literature on how this use
has possibly changed over time. We summarize here the
data we collected in 1993 and 1994 (partially published by
Begossi et al., 1999) concerning the use of game and fish
resources by men and women and according to seasonal
variations. By also providing comparative figures among
different decades (whenever possible according to the
literature available), we hope to provide guided information
for the management of food resources.
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2. Methods
2.1. Study area
The UJER, created by Decree #98,863 of January 23,
1990, covers 537,946.47 hectares (www.icmbio.gov.br).
According to the Instituto Chico Mendes de Conservação da
Biodiversidade (ICMBio), Ministry of the Environment, the
UJER still has no management plan. The RESEX includes the
towns of Jordão, Marechal Thaumaturgo, Porto Walter and
Tarauacá. The UJER reaches the border of Peru (through the
Breu river) and it also borders the indigenous territories of
the Kampa, Jaminawa-Arara, and Kaximinaua tribes. About
7,500 people live within the limits of the reserve, who
descend mostly from rubber tappers. Rubber tappers first
arrived in the region in the 1890s, coming from contested
areas of Peru and Bolivia. A second migration occurred
in the forties, during World War II, when rubber tappers
were recruited by the Brazilian government, especially
among the northeastern population, who were nicknamed
the Rubber Soldiers (Soldados da Borracha or Batalha da
Borracha) (Almeida, 2004; Almeida and Menezes, 1994;
Brasil, 2009).

The main river crossing the reserve is the Juruá, a white
water river with a low slope (Brasil, 2009). The Juruá river
rises in Peru at an altitude of approximately 450 m and
has a length of 3,280 km; it crosses the States of Acre
and Amazonas, discharging waters in the Solimões River
(Costa et al., 2012). Tributaries of the right margin of the
Juruá river are the rivers Breu, Caipora, São João, Acuriá,
Tejo, Grajaú, Natal, Humaitá and Valparaíso. Juruá is a
navigable river including for large vessels between the
municipality of Cruzeiro do Sul and Marechal Thaumaturgo
(Upper Juruá) (Costa et al, 2012). As a white water river
in Amazonia, the Juruá River forms the areas of várzea
(lowland flooded forests), which are mosaic of habitats
subject to seasonal flooding, that have a very high
biodiversity (Goulding et al., 2003). The rainy season
(winter, September to March) corresponds to the flooding
period, whereas the dry season (summer, April to August)
is marked by low water levels (Costa et al., 2012). In 1993
and 1994, we interviewed riverine inhabitants of the banks
of important UJER rivers: Juruá and Tejo (here considered
together), Bagé, São João, and Breu (Figures 1a, b).
The ribeirinhos (riverine people living along the river
banks) studied at the UJER live in houses located by white

Figure 1. Map of the Upper Juruá Extractive Reserve: a) its location in Brazil, Acre State; b) some of the rivers that flow within the
reserve that had their riverine populations studied here.
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water rivers, allowing fishing to be performed by the whole
family, including children, which probably decreases
the chance of food insecurity, due to available protein.
The UJER has defined rules that allow local residents to
exclude outsiders and invaders unable to abide by the
restrictive harvesting rules. The access control to restrictive
fishing areas was aided by a simple, but powerful radio
communication system (Radio ‘Verdes Florestas’ – Green
forests) (Almeida and Menezes 1994; Begossi, 2001;
Begossi and Brown, 2003).
2.2. Data collection
The data presented here were partially published
(especially data on game and fish) by Begossi et al., (1999).
All the information was collected through interviews,
using open and semi-structured standardized questions,
conducted in July 1993 and July 1994, by A. Begossi and
BD Amaral., The questionnaires are deposited at FIFO
(Fisheries and Food Institute, www.fisheriesandfood.
com) under the number PAJUR 007 and the project was
funded by Fapesp 98 / 02619-8 and MacArthur Foundation
92/21848, coordinated by M. Almeida, M. Cunha and K.
Brown (UNICAMP / USP).
The interview effort aimed to sample 20% of the riverine
families living by the riverbanks: for every household
interviewed, the next four were skipped. At the time of
the interview, the UJER included about 865 families, 47%
inhabiting the banks of the rivers (Almeida, 1991; Asareaj,
1993). With the exception of the Breu River, most interviews
were done with women, as they were more commonly
found at home, as men were often fishing or working the
cassava (Manihot esculenta) fields (details in Begossi et al.,
1999 and 2020). Interviews were carried out at homes, but
individually, and questions included fish consumed and
fish preferred, among others.
Fish was collected through donations from fishermen
and by experimental fisheries using gillnets with varied
mesh sizes (Silvano et al., 2000). Collected fish was fixed
in 10% formaldehyde, stored in a plastic container and
identified by B. D. Amaral, RAM Silvano and Oswaldo T.
Oyakawa and deposited at MZUSP (Museu de Zoologia
da Universidade de São Paulo). The fish identification

and fishing methods have been published elsewhere
(Begossi et al.,, 1999; Silvano et al.,, 2000, 2001).

3. Results
The data for the main and major rivers, Juruá and its
tributary Tejo, are grouped. The streams and smaller rivers
are analyzed separately, as they occupy a more remote
position, making it possible to check local differences.
Interviews included 133 individuals, divided by river as:
Juruá and Tejo (94 individuals), Bagé (16), Igarapé São João
(16), and Breu (7) (Table 1). Among these, 77 are women
and 56 are men (Table 1). Interviewees were on average
32.5 years old, ranging from 15 to 77 (Table 1). For other
details see Begossi et al., (2020). In fact, in two of the
rivers, Igarapé São João and Breu, none of the interviewees
were born in the community where they resided. With
the exception of two people, the remaining interviewees
were illiterate or functional illiterate (Table 1).
Activities included fishing, hunting and agriculture,
mostly performed by men, and some fishing, agriculture,
handicrafts (baskets, for example), processing of manioc
flour, agriculture, and house-keeping, by women.
However, some activities had the participation of both
men and women, such as net crafting and manioc flour
production.
3.1. Agriculture
Out of the 133 interviewed households, 90 families
practiced agriculture by cultivating cassava, rice, beans,
corn and tobacco, among others (Table 2). At the Juruá
/ Tejo Rivers (66 families interviewed) and at the Breu
(4 families) the most cultivated item were beans. At the
Bagé River (10 families), corn was the most important
item, while at the Igarapé São João (10 families)
cassava, beans and tobacco were the most important
items (Table 2). At the time of the interview, access to
commerce and trading points were one of the limiting
factors for the local people. Families at the Juruá river
also cultivated tobacco.

Table 1. Socioeconomic characteristics of interviewees at the Upper Juruá Extractive Reserve (n=133), in 1993/1994.
Characteristic
Sex (F/M)

Juruá/Tejo

Bagé

Igarapé São João

Breu

55/39

10/6

9/7

3/4

34.5 (15-77)

34.7 (15-66)

22.8 (18-37)

38 (20-58)

10.6%

18.8%

0%

0%

Illiteracy (0-1 year)

78

10

13

5

Functional illiteracy (up to 4 years)

12

1

1

1

Literate

2

0

0

Average (range)
Born in the same village (%)
Education level

*

*people studied up to the 8th elementary grade, which was the maximum registered in the communities.
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Table 2. Main items cultivated by the riverine inhabitants of the
Upper Juruá Extractive Reserve (shown by river communities:
columns) (n=90 interviews, 1993-1994). The colors represent the
relevance of each cultivar to the village (darkest gray = >50% of the
families in the village practice it; second darkest = 30-50%; followed
by 15-29.9%; 5-14.9%; 1-4.9%; and 0 in white)
Agriculture

Juruá/
Tejo

Bagé

São
João

Breu

Total

3.2. Animal breeding
A total of 90 families provided information on animal
breeding: 66 in the Tejo/Juruá, 10 in the Bagé, 10 in São
João and four in Breu. In the Tejo/Juruá, most families
raised chickens and several raised pigs, goats, sheep and
cattle. Cattle were commonly sighted along the banks of
the Juruá River, at the time of the interviews. Cattle were
also common on the three other riverbanks (Figure 2).

Avocado

2

0

0

0

2

Banana

23

4

1

2

30

Bean

54

3

7

4

68

Cabbage

2

1

0

0

3

Chili

2

1

0

0

3

Coffee

1

0

0

0

1

Corn

36

10

4

3

53

Green
produce

2

0

0

0

2

Herbs and
spices

2

0

0

0

2

Lime

0

0

1

0

1

No data

1

0

0

0

1

Onion

3

0

0

0

3

Orange

1

0

0

0

1

Papaya

3

1

1

0

5

Potato

6

0

0

0

6

Pumpkin

4

1

0

0

5

Rice

27

8

6

2

43

‘Roça’
(Cassava)

50

9

7

3

69

Sugar cane

12

3

2

1

18

Tobacco

35

2

7

2

46

3.4. Fish consumption at UJER

Tomato

0

1

0

0

1

Watermelon

4

1

0

0

5

Ninety-nine families informed about their fish
consumption. Fish, especially bode (family Loricariidae)

3.3. Hunting and fishing
Game hunting at UJER occurs especially in the winter
(September-March), when the river water level is high and
fishing becomes less productive. Although fishing happens
year-round, it is more common in the summer, when the
river water level is low and fish is more concentrated.
Thus, it makes sense that, among 118 respondents,
105 said to consume more fish during the summer and
92 said to consume more game in the winter.
Hunting was addressed in Begossi et al., (1999) and
shows brocket deers, peccaries, coatis, nhambus (tinamid
bird), monkeys, cotias, among others, as being important
for the local diet. “Imbiara” (birds and small rodents,
see Begossi et al.,, 1999) was mentioned by men and
women (Table 3).
The fishing equipment or gear used by riverine people
included mainly hook and line, castnet, and gillnet.
The vessels included mainly canoes, especially rowing in
paddled canoes (Table 4). We did not identify any family
that sold their fish (n=74).

Figure 2. Data on animal husbandry (1993/1994, average): A) Juruá and Tejo rivers, B) Bagé River, C) Igarapé São João and D) Breu River.
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Table 3. Game consumption at the Upper Juruá Extractive Reserve (n= 118 interviews, 70 women and 48 men, 1993-1994). Identification
found in Begossi et al. (1999) and MMA, 2009.
Popular name

Species

Women

Men

Total

Mammals
Tapir

Tapirus terrestris

2

2

4

Cotia

Dasyprocta fuligonosa

10

13

23

Cuties

Myoprocta pratti

1

0

1

Armadillo

Cingulata

4

1

5

Deer

Mazama spp.

17

28

45

Monkey

NI

5

13

18

Capuchin monkey

Cebus apella

0

5

5

Spider monkey

Ateles paniscus

1

1

2

Howler monkey

Alouatta seniculus

1

5

6

Coati

Nasua nasua

12

16

28

Squirrel

Sciurus spp.

??

??

??

Agouti

Cuniculus paca

6

4

10

Peccaries

Pecari tacaju, Tayassu pecari

16

23

39

Imbiara

NI rodent

20

17

37

Jacu

NI

3

5

8

Nambu

Crypturellus and Tinamus spp.

9

18

27

Parrots

Amazona spp. and Pionus spp.

1

1

2

Aracua

NI

0

1

1

Capitão

Capito spp.

1

0

1

Chelonioidis denticulata

1

1

2

Birds

Reptiles
Jaboti
NI=not identified.

Table 4. Fishing Gear used by riverine inhabitants of UJER (n=66).
Gear

Juruá

Tejo

Bagé

São João

Breu

Cast net

41

16

1

9

2

Hook and line

9

10

2

3

2

Gillnet

0

0

3

0

0

Bicheiro (small harpoon)

0

2

0

0

0

No data

2

0

0

1

1

and mandi (families Pimelodidae and Auchenipteridae),
were the main fish consumed by the inhabitants of the
UJER. The main list of fish consumed by the riverine
inhabitants of UJER can be found in Table 5. Information
about the fish consumption at the UJER was published in
Begossi et al., (1999) and Silvano et al., (2001). Here we
focus especially on gender differences or preferences in fish
consumption in the different seasons (summer/winter).
Results from men and women were obtained partially
in different residences and partially in the same residence.
The two main group of species mentioned before, bode
and mandi, are consumed all year long. Still, there were
some differences regarding the winter and summer
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fish. For the summer, at the Juruá/Tejo rivers women
mentioned the consumption of bicuda (not collected,
but possibly Boulengerella spp., see Silvano 2020), cuiú
(Pterodoras granulosus), curimatá (Prochilodus sp.), mocinha
(Potamorhina altamazonica) and moela (Pimelodina
flavipinnis), while men said to consume piramutaba
(Platysilurus barbatus, Callophysus macropterus) and
surubim (Pseudoplatystoma spp.) (Table 5). At the Bagé
river, women cited seven species of fish, besides mandi
and bode, whereas men mentioned mandi and bode.
At Igarapé São João, women focused on mandi, casca
grossa and curimatá and men consumed more Jundiá and
sardinha; bode and mandi were consumed by both women
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and men, but especially by the latter (80% of citations).

proportionately more casca grossa, mocinha, pescada,

At the Breu river, women mentioned mandi, bode and

piramutaba, traíra (Hoplias aff. malabaricus), among others

surubim, whereas men focused on curimata, piaba and

(Table 5). At the Bagé river, women consumed nine species,

sardinha (Figure 3).

whereas men focused on cará; at Igarapé São João, bode

During the winter, at the Juruá/Tejo rivers women

was more consumed by women and mandi slightly more by

consumed especially mandi, bicuda, curimata, gordinho

men. At Breu river, men consumed more bode, compared

and sabonete (both not collected) whereas men consumed

to women that consumed more mota (Figure 3).

Figure 3. Percentage of citation about fish consumption in the winter (high water, rainy season, September-March) and in the summer
(low water, dry season, April-August), by women (73 interviews) and men (46 interviews), at UJER. 1993/1994.
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Table 5. Main fish, with identification of the main species
mentioned at interviews at the Upper Juruá Extractive Reserve
(1993/1994). Identification is found in Begossi et al. (1999) and
Silvano et al. (2001).
Local name

Species identification

Bico de pato

Sorubim lima

Bicuda

Not collected, but possibly
Boulengerella spp.

Bode

Loricariidae, many species

Cará

Hypselacara temporalis, Aequidens sp.

Casca-grossa

Psectrogaster spp.

Cuiu

Oxydoras niger

Curimatá

Prochilodus nigricans

Dourada

Not collected

Gordinho

Not collected

Mocinha

Potamorhina altamazonica

Filhote

Not collected

Jundiá

Brachyplatystoma juruense

Mandi

Pimelodidae and Auchenipteridae

Moela

Pimelodina flavipinnis

Mota

Brachyplatystoma vaillanti

Pescadinha

Pachyurus sp., Plagioscion spp.
Astyanax bimaculatus,

Piaba

Curimatella imaculata,
Steindachnerina spp.

Piau

Anostomidae

Pintadinha

Calophysus macropterus

Piranha

Pygocentrus nattereri, Serrasalmus spp.

Piramutaba

Platysilurus barbatus, Callophysus
macropterus

Sabonete

Not collected

Sardinha

Tetragonopterus argenteus,
Triportheus spp.

Surubim or pintado

Pseudoplatystoma spp.

Traíra

Hoplias aff. malabaricus

4. Discussion
Data about the number of people living at the UJER is
not sequential and it is variable. In 2001, population was
of 4,615 people. Earlier information shows 860 families
(Almeida, 1991; ASAREAJ, 1993, Maranho et al., 2015).
Rezende (2010) shows the following population
change: 1991 (865 houses), 1996 (639 houses) and 2005
(1163 houses); but, the number of inhabitants decreased
from 5,387 in 1991 to 4,677 in 2005. Information on
http://www.memorialchicomendes.org/resex-alto-jurua/
(May 13, 16:12) cites 7,500 residents at UJER. Finally, in
2010, Maranho et al., (2015) observed 1,500 families at
the UJER and still a lack of infrastructure, such as school
and of health post; the largest clusters were found in
Restauração (Tejo River) and at the mouth of the Breu River.
Our experience in the field research in 1993-1994 showed
the beginning of the creation of the extractive reserve: at
that time, basic economic problems soared, including the
difficulties of selling tobacco, which was stored at home.
There was no transportation, and residents complained
that they were losing the harvest without selling it.
Most people (90%, Table 1) were not born at their place
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of residence (the river specific location of their residences
at the time of the interviews), but were born within the
UJER limits, either in another community by the same
river or by a different river. As a comparison, at the Lower
Juruá Extractive reserve (Brasil, 2009), 57% came from
outside the reserve. At UJER, there is an intense inside
migration, either among different rivers or localities, or
among different places from the State of Acre (Ferreira,
2020). Ruiz-Perez et al., (2005) also observed internal
displacement, showing that 93% of people that moved
around stayed within the borders of the UJER.
Most of the UJER respondents were illiterate (80%
functionally illiterate or totally illiterate, n=124) at the
time of the interview. A few years later, at the Lower Jurua
Extractive Reserve the education level was slightly higher
than at UJER, since 13% studied the first year of basic school
at the Lower Juruá (Brasil, 2009). The slight difference
observed between the two regions could be due to the time
difference between assessments: it is likely that the UJER
education has undergone some improvements in 26 years,
together with the remaining of the country. For example,
the area close to Marechal Thaumaturgo (one of the
towns within the UJER limits) has improved its primary
and secondary education since 2000 (Landmann, 2014).
Still, the very low level of education at the UJER could be
partially due to the fact that this reserve is located in more
remote areas of Amazonia, where there is an overall lack
of infrastructure and schools.
Small-scale agriculture at UJER was represented
especially by manioc (cassava), beans, tobacco, corn,
rice and banana, among others (Table 2). Manioc is an
important agricultural crop in Brazil, and in the state of
Acre it represents 18% of the volume and 48% of the total
gross production (Landmann, 2014). Manioc, the most
important staple in Amazonia, and along with maize, were
important crops since earlier Amazonian times (Sierra,
2016). Manioc is planted both in the wetland and upland
environments; manioc flour and fish are key food items
in the Amazonian context (Homma et al., 2012; Silva and
Garavello, 2017).
We did not obtain data on rubber-tapping, which was
still an important economic activity more than 10 years
later (Ruiz-Pérez, 2005). Although tobacco was an important
item at the Juruá river during our study, it was not listed
as relevant in 2005 (Ruiz-Pérez, 2005). Tobacco may either
have lost its relevance over time or it is a crop cultivated
by specific communities eventually sampled by us, but not
in other studies. Other activities, such as rubber extraction
and the manufacture of plant-based leather have been
studied and are not dealt with here; the manufacture of
plant-based leather, for example, has been registered at
the Bagé and Tejo rivers, among others (de Andrade, 2003).
Animal husbandry in the periods of 2005 (RuizPérez, 2005) and 2015 (Maranho et al., 2015) by the UJER
families shows 94% of the families raising chicken, 52%
livestock, 22% ducks and 15% pigs. These data are relatively
in line with our 1993/1994 results, except for the fact that
they suggest a significant increase in cattle breeding by
59% at the UJER (Ruiz-Pérez et al., 2005). These authors
also observed that pigs were used for both subsistence and
commerce, whereas cattle were sold to areas outside the
reserve. The increasing of cattle ranching in Amazonia is an
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imperative concern, due its strong potential to contribute
with deforestation and greenhouse gas emission (zu
Ermgassen et al., 2018; Bustamante et al., 2012).
4.1. Game and Fish consumption
The hydrological cycle of rivers in Amazonia supports
and explains much of the variations in the local diet or
in the subsistence/economic activities (Landmann, 2014).
The basic food staple at UJER is fish or game meat
associated with manioc flour, which do not imply constant
food availability. Families in the region deal with days of
abundance and days with food shortages (Lozano, 1998).
During fieldwork, we had the opportunity to share several
meals with the riverine of UJER, most of which consisted
of fish bode and cassava flour, although eventually we also
shared deer broth with cassava flour, on the Tejo River.
Hunting, carried out using various processes and techniques
(Dias, 2004), provides meat, especially in the winter when
the river floods and fish is less available (Begossi et al., 1999).
The most cited fish as food by the interviewees were bode
and mandi (Figure 3). Silvano et al. (2001) emphasized that
bode (Loricariidae) was cited by the riverine of the UJER by 56%
as common and by 65% as consumed in the summer. These
fish lack information about its ecology and biology and are
categorized as NA (not accessed) in the UICN Red List and in
the Brazilian Red list (Begossi et al., 2019). Therefore, studies are
needed on these fish, especially when it is taken into account
the food security of the ribeirinhos. Considering that the first
and second quotes are different when coming from the same
interviewee, we conclude that the importance of these small
fish for the riverine diet is immense, since bode corresponds to
66% and mandí 61% of respondents (most consumed, first and
second quotes, from Begossi et al., 2019). These are important
data, as they show that even usually small fish, such as bode
(Loricariidae), can guarantee the animal protein that sustains
the population of riverine dwellers. The study on fish at UJER
shows that bode (Hypostomus spp.) and mandi (Pimelodus
spp.) are among the most abundant fish in sampling sites
in the Juruá River (Silvano et al., 2000). This indicates that
riverine people along the UJER has included some of the
most common fish in their diets, which may be an adaptive
strategy to secure a protein source, in case of variations on
fish availability (Huntington et al., 2017). As fishing becomes
more difficult in the winter because the rivers are flooded,
people tend to turn to eating game (Figure 3). In the summer,
fish get concentrated in ponds and lakes and are more easily
caught (Silvano et al., 2000).
Both men and women mentioned several species of
fish important in their food intake. Diversity of citations
was slightly lower in the winter: women cited 29 fish in
the winter and 33 in the summer. Men cited 23 fish in the
winter and 27 in the summer. There is a slightly higher
diversity of fish richness citation by women, as shown in
Figure 3. In the literature of medicinal plants (ethnobotany),
women also tend to cite a higher richness of medicinal plants,
because they are often the ones that make the homemade
medicines for the children in the form of tea or syrups,
among others (Figueiredo et al., 1993). In the case of fish,
it is also possible that women, when preparing the fish
for consumption, have the chance to handle and carefully
observe the fish, increasing their recording of species for
either consumption or preferences. A gender biased in the
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interviews cannot be discarded either, as more women were
interviewed here. According to Bailey (1982: 191) the sex of
the interviewer probably affects the respondent’s reaction.
Such biases are sometimes reflected in responses given to
please the interviewer of the same sex. The inverse also
seems true, when less favorable responses are given to the
interviewer of the opposite sex. However, gender bias in
interviews seems to be more important in gender-related
themes. Lipps and Lutz (2017) found that the gender of the
interviewer influences on responses about general gender
issues and on sensitive health issues, but it has no effect on
political and on household tasks-related questions. In our
case, interviews occurred most often in the presence of the
couple, which likely counterbalances some gender-bias.
In spite of women and men showing preferences for
some different species at the UJER, both consume scaly fish
(peixe de escama) and smooth-skinned catfishes (peixe liso).
In Amazonia, people tend to avoid peixe–liso: in Parintins,
Amazonas State, 85,3% of the interviewees said to mainly
prefer peixe de escama, whereas just 4% mentioned to prefer
peixe liso (Costa et al., 2013). Flores et al. (2014) found genderdifference preferences, both including scaly fish, such as caranha
by men, and tucunaré by women. Other studies have shown
no differences regarding the fish preferences by men and
women, such as in the case of fishers of the Atlantic Forest coast
(Begossi et al., 2012). In the case of the UJER, food taboos, locally
called fish reimoso, include several scaleless fish (called peixes
de couro), but one scaly fish, the curimata (Begossi et al., 1999).
Many hypotheses try to explain fish food taboos in Amazonia,
some more psychological and symbolic (Leme, 2007) and
others more cultural-ecological (Begossi et al., 2004), among
others. In particular, Begossi et al. (2004) discuss in detail
several hypotheses to explain food taboos, including data
from the UJER, among other Amazonian sites.
4.2. Looking at other protected sites: co-management and
conservation
Juruá is a highly productive river, where rural
communities strongly rely on natural resources. Besides the
Upper Juruá Extractive Reserve, there are other sustainableuse Protected Areas and two Indigenous areas at the Juruá
river basin. In these areas, fisheries co-management
comprises one of the most important networks, strongly
contributing with food security, income generation and
protection of floodplains habitats (Campos-Silva et al., 2019;
Braga, 2011). In addition, co-managements have been
strongly contributing with conservation of fish stocks and
local development, while also promoting the recovery of
non-target populations (Campos-Silva and Peres, 2016).
4.3. The Middle Juruá: lessons to be learned
In this session, we use information from the Middle
Juruá Extractive Reserve in order to provide thoughts
about management possibilities at UJER. We use here, as
an example, the pirarucu (Arapaima spp.) management,
which is a common species at the Middle Juruá River.
Information about community-based management in the
Middle Juruá river can provide tools for managing areas of
the UJER, towards other fish species, as we did not collect
any pirarucu at UJER during our fieldwork.
In the middle region of the Juruá river, hunting and fishing
are complementary activities to ensure the food security
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of local dwellers, as we also observed at UJER. The average
extraction rate of game and fish species varies between
approximately 30 g and 1,500 g per person per day, respectively
(Endo et al., 2016). These activities are partially regulated by
the flood pulse. During flooding and especially at the peak
of the high water season, fishing is negatively impacted and
the catch per unit effort is reduced, whereas hunting gains
relevance with increased yields. The alternation of activities
is a compensatory mechanism that helps ensure the food
security (Endo et al., 2016). A similar pattern of alternation
between fishing during the dry season and hunting during the
flood season was also observed at UJER (Begossi et al., 1999).
Co-management of pirarucu (Arapaima gigas) fisheries is
also an emblematic activity at Middle Juruá River. The pirarucu
is one of the most important fishes in Amazonia basin,
representing a high-value resource since pre-Columbian
societies (Prestes-Carneiro et al., 2016). The long history
of subsistence and commercial overfishing colapsed wild
populations in many parts of Amazonia and the species was
included in CITES list (Castello and Stewart, 2010). However,
in the last 20 years, rural communities in close partnership
with researchers developed an inovative model, based on
the protection of floodplains habitats and harvesting quotas
(Castello et al., 2009). The ecological outcomes from this
fishery co-management model are impressive. In Middle
Juruá River fisheries co-management induced population
recoveries of pirarucu by 425% in 11 years (CamposSilva et al., 2019). Protected lakes ensure a population 30fold higher than unprotected environments, even outside
formal Protected Areas. This example can provide insights
for the management of other species in the UJER, which are
important for the food security of the ribeirinhos. Managing
pirarucu at the Upper Juruá, in a manner similar to what
is done in the Middle Juruá, may not be a possibility if
the species does not commonly occur there (we did not
observe pirarucu at the UJER). Nevertheless, suggestions for
the management of other common species could generate
interesting perspectives for the local population. For example,
jundiá (Brachyplatystoma juruense), mapará (Hypophthalmus
edentatus) and other species of large catfish could be promising
options for management, since they were common at the
UJER and they are generally well accepted for commerce.
Although promising, the management of large catfish may
be challenging, as these fish undergo long migrations and
may be thus caught by different communities along the
Amazonian rivers (Hallwass and Silvano, 2016).
Co-management of fisheries at the Middle Jurua river has also
been reducing gender inequality on fishing (Freitas et al., 2020a).
Women have always been involved in fishing, but very often
underpaid due to a strong invisibility (Gustavsson and Riley,
2018). However, the pirarucu co-management fishery performed
at the Middle Juruá River has been inducing a substantial social
transformation on women participation on fishing, as this fishery
model represents an innovative source income for women
and an unprecedented increasing on women participation in
decision-making (Freitas et al., 2020a,b).

5. Environmental changes
Although the system described above (for the UJER and
including comparisons to the Middle Juruá) is in the same
river basin, co-management should not be seen as a panacea
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to any eventual environmental problem in the region. It is
important to stay ecologically alert, even regarding remote
areas of Amazonia, such as the region where the Upper Juruá
is located. The whole Amazonia is under soaring pressure
from deforestation and large developmental projects, and
the potential effects of these impacts are not restricted to
main commercial fish, but also to fish used only for local
subsistence (Begossi et al., 2019). There are multiple projects
for hydroelectric dam construction in the entire Amazonia,
including in its headwaters, which should have devastating
consequences on fish diversity and productivity, by blocking
fish migration, for example (Winemiller et al., 2016). These
headwater dams should also impact the hydrology and
sediment load of Amazonian rivers, with likely consequences
on fisheries and small agriculture of the riverine people
(Forsberg et al., 2017; Latrubesse et al., 2017). Local fishers
from different river basins in Amazonia have noted several
impacts from dams on the aquatic fauna and on the
local fishery (Hallwass et al., 2013a, Santos et al., 2020).
Deforestation of floodplains may also affect fish communities
and decrease productivity of local fisheries in the Brazilian
Amazonia (Arantes et al., 2018; Castello et al., 2018). However,
the potential effects from deforestation or from land use on
fish communities and small-scale fisheries are not known
in upstream rivers, such as in the upper Juruá, where the
UJER is located.

6. Conclusions
Our results, in comparison with other studies at other
time periods in the Upper Juruá River, indicate that fish,
including smaller fish species, and game are important
food sources for the reserve dwellers. There is a seasonal
variation in the consumption of these food sources and
the comparison with the Middle Jurua suggests promising
ideas for developing fisheries co-management, which may
be adapted to the reality of UJER. However, deforestation
and development projects could also be a threat to fish
and fisheries at the studied extractive reserve.
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