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1. Introduction

For decades, the Brazilian Amazon has been at the center of con-
tentious debates around economic development strategies, political
agendas and environmentalist interests. Attention is often given to the
extensive deforestation and agricultural encroachment that has threa-
tened Indigenous land rights and ecosystem integrity since the 1960s
(Fearnside, 2006; Rodrigues et al., 2009). Coupled with infrastructural
expansion, rural homesteading by colonist families, and industrial ex-
tractivist projects, the once-remote territory became increasingly in-
tegrated into the national and global economies (Fearnside, 2008;
Pacheco, 2012). While deforestation rates slowed across the Brazilian
Amazon in the early 2000s (Nepstad et al., 2009), annual forest loss
remained high in Pará state (Fig. 1) (Tyukavina et al., 2017) and
growing social inequalities continue to raise concerns about environ-
mental and economic tradeoffs in the region (Abers, Oliveira, & Pereira,
2016).

Since the turn of the century, there have been a series of changes
affecting the lives of rural communities in the Tapajós River region, in
Western Pará (Fig. 1), as the force of neo-liberal globalization combines
with the enduring legacy of colonization. Most prominently, market
accessibility and population mobility increased with the paving of the
BR-163 and improved river transport options. Industrial soybean
plantations expanded rapidly, bringing new seasonal wage labour op-
portunities (Macedo et al., 2012; Tritsch and Le Tourneau, 2016) and
promoting urbanization along export corridors (i.e., BR-163) (Castro,
2009; Parry, Day, Amaral, & Peres, 2010). As a result, land-use change
continued, while overfishing, pollution and climate change are in-
creasingly a concern for biodiversity and ecosystem resilience (Kramer,
Urquhart, & Schmitt, 2009).

Institutional presence in the region also strengthened since the early

2000s. In addition to expanding public health and education infra-
structure, pro-poor policies were implemented, introducing new in-
come sources through cash transfer programs (Dou et al., 2017; Hall,
2008). Agrarian development programs continued promoting cash
cropping and ranching, especially among rural smallholders, notwith-
standing the ecological impacts of these activities (Becker, 2004;
Brondizio and Moran, 2012). At the same time, new environmental
protection instruments were introduced, although enforcement mostly
targeted large farms, such that deforestation was essentially un-
regulated on small farms (Godar, Gardner, Tizado, & Pacheco, 2014).

For rural households, challenges and opportunities emerge from this
context, as they navigate global economic and regional development
processes (Adger, Hughes, Folke, Carpenter, & Rockstrom, 2005).
Longitudinal studies are needed to understand how different actors
engage with cross-scale socio-ecological changes, as there are implica-
tions for land-use change and well-being. Livelihoods provide a relevant
conceptual scaffolding to explore such lines of inquiry. In a broad sense,
they are the “everyday practicalities and diverse modes of making and
defending a living” (Long, 2000, p. 186). Although livelihoods research
was a thriving topic in the 1990s and 2000s in the development lit-
erature, attention has since waned (Sakdapolrak, 2014; Scoones, 2009;
Van Dijk, 2011). The bulk of existing literature in the Amazon focuses
on the introduction of capitalist markets and land-use decisions on
newly settled farms (e.g., Brondizio et al., 1999; Pichón, 1997; Walker,
Perz, Caldas, & Silva, 2002), while there is comparatively little research
on how rural actors are making a living in the post-colonization,
globally connected era.

In this study, we explore longitudinal tendencies of rural small-
holder livelihoods in the Tapajós River region, in the area of influence
of the BR-163 (Fig. 1) following two lines of inquiry: 1) have livelihoods
changed since the early 2000s, and if so, 2) how have they changed?
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Using data from 2003, we undertook a study on drivers of deforestation
and developed a typology of rural livelihoods based on three categories
of livelihood practices: a) natural resource extraction; b) mixed farming
activities; and c) off-farm employment (see Oestreicher et al., 2014). In
this study, we follow the same procedure as Oestreicher et al. (2014)
using data from 2011 to develop an updated typology for the same
region. Drawing on participant observations, life history interviews and
cross-sectional data, we compare typologies in 2003 and 2011 to trace
the different pathways of change and characterize livelihood trajec-
tories.

The paper begins with a brief review of livelihoods analysis to jus-
tify our approach and substantiate the diversity of indicators used. The
methods and results are succinct, with further details on indicator de-
velopment and livelihood characterization in the Supplementary sec-
tion. The discussion dissects some of the mechanisms underlying these
trajectories, exploring the ways rural households responded to and
engaged with broader socio-ecological change between 2003 and 2011.

2. Livelihoods: approaches and critiques

Among the varied definitions of livelihoods (Chambers, 1995; De
Haan and Zoomers, 2005; Ellis, 1998), Carney (1998, p. 2) states that
they comprise “the capabilities, assets […], and activities required for a
means of living”. Such materialist descriptions were the basis for the
Sustainable Livelihoods Approach, a widely-applied analytical frame-
work that operationalizes livelihoods as a function of five measurable
capitals: natural, social, physical, human and financial (Scoones, 1998).

Critiques of mainstream livelihood analyses highlight the oversight
of temporal dynamics such that a priori livelihoods are conceptualized
as static and ahistoric (De Haan and Zoomers, 2005; Sakdapolrak,
2014). Likewise, the accumulation and distribution of capitals is rarely
accounted for (King, 2011) as is their embeddedness within social and
spatial networks of power that give rise to inequitable livelihood op-
portunities and access (De Haan and Zoomers, 2005; Van Dijk, 2011).
To understand if and how livelihoods have changed, perspectives that
address these limitations are needed (Scoones, 2009).

Re-interpreting rural livelihoods in relational terms brings a new
framing to actors, not as passive victims of external conditions but

rather as active agents influencing social and ecological processes
across the local to global scale (Bebbington & Batterbury, 2001; Heley &
Jones, 2012). Likewise, framing livelihoods as path-dependent trajec-
tories brings the analytical emphasis to how they are (re)constructed
through iterative, cross-scale processes such as social learning, colla-
boration, and conflict as well as ecological variability, growth and
collapse (De Haan & Zoomers, 2005; Van Dijk, 2011; Zimmerer, 2007).
From these perspectives, livelihoods are an expression of historical
processes of transformation, an emergent property of the socio-ecolo-
gical system, and formed by power relations (King, 2011; Sakdapolrak,
2014; Van Dijk, 2011).

In the Brazilian Amazon, livelihood studies have often been paired
with land-use change research, much of which is summarized in the
frontier expansion and the household lifecycle literatures (c.f.,
Brondizio and Moran, 2012; Browder et al., 2008; Pacheco, 2012; Perz,
Walker, & Caldas, 2006; Walker et al., 2002). Based on studies with
colonist smallholders, household livelihoods are projected to follow a
general trajectory as economic development proceeds. New homesteads
deforest land to cultivate annual crops for subsistence and sale, initially
at low production levels due to limited financial capital, labor, tech-
nology and market accessibility. To help buffer early production risks,
households may practice fishing, hunting or forest extraction, but as
markets and labor become more accessible households begin to in-
tensify their farm production and sales. Overtime, as households accrue
capital and assets, they ultimately transition to more lucrative and less
labour-intensive activities, such as perennial cash crop production or
cattle ranching.

Yet, livelihood trajectories in the rural Amazon are often, in prac-
tice, more nuanced, complex and non-linear. In indigenous and so-
called “traditional” or “caboclo” communities (with a historical pre-
cedence of hunting, fishing and forest extraction), diversified extra-
ctivist practices are often maintained even after capitalist market-in-
tegration or as households adopt cattle ranching, highlighting the
influence of historical and socio-cultural legacies (Caviglia-Harris &
Sills, 2005; Salisbury & Schmink, 2007; Vadjunec, Gomes, & Ludewigs,
2009). Other studies document colonist farmers adopting new, di-
versified practices overtime, including agroforestry or fish farming,
sometimes in response to ecological degradation or political-economic

Fig. 1. The study area and location of participating communities in the lower Tapajós River region in the state of Pará, at the crossroads of the BR-163 (Santarém-
Cuiabá highway) and the BR-230 (Transamazon highway).
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incentives (Caviglia-Harris & Sills, 2005; Ludewigs & Brondizio, 2009).
More recent research indicates that households are engaging in the off-
farm employment sector, especially as urbanization and population
mobility increase in certain localities and new work opportunities
emerge (Padoch et al., 2008; Richards & VanWey, 2015b). Our case
study adds to this body of knowledge by elucidating some of the
nuances of rural smallholder livelihoods in Western Pará and exploring
the influence of historical legacies and relationships to space and place.

3. Material and methods

3.1. Participating communities

Four rural communities in the lower Tapajós River region, near the
intersection of the Santarém-Cuiaba and Transamazon highways
(Fig. 1, Table 1), were asked to participate in this study. They were
chosen to capture a diversity of rural smallholders, including actors of
Amazonian and colonist-immigrant heritage. Communities 1 and 2
were interviewed in 2003 by Oestreicher et al. (2014) and again in
2011 for this study. Two additional communities were included to in-
crease the sample size of the data collected in 2011. The inclusion of
these communities may introduce uncertainties in the comparison of
cross-sectional data, as these areas have different geopolitical histories
and ecological/biophysical features (Fearnside, 2008; Pacheco, 2012).
We further account for this influence in results interpretation.

3.2. Interviews

To develop an updated livelihood typology following Oestreicher
et al. (2014), we conducted household and individual interviews in
2011 using open and close-ended questions. Many livelihood indicators
mirrored those used in our previous study, but we included additional
indicators derived from geo-spatial and social network analyses to ad-
dress some of the abovementioned limitations of livelihood analysis.
We aimed for a complete population sample to meet the criteria for
social network analysis. Due to illness, travelling, or unwillingness to
participate, we attained 72% of the target population, corresponding to
a total of 136 individuals.

3.3. Livelihood indictors

Indictors from the 2011 interview dataset encompass resource-use
practices, income generating activities, household assets, socio-demo-
graphic characteristics, as well as relational aspects of livelihoods. They
are briefly reviewed here, with further details in the Supplementary
section.

Socio-demographic variables, such as individual education, age,
origin and gender, as well as household size were documented. These
can be considered as indicators of human capital and they reflect access

to off-farm work opportunities, labour availability, and other social
constraints or opportunities that influence livelihood options (Walker,
Moran, & Anselin, 2000).

For resource-use practices, we considered individual forest extrac-
tion (Use_For) and fishing practices (Use_Fish) as well as household
production in quintals (gardens and orchards, Use_Quint) and farm
production (Use_Ag). An indicator of agrarian production diversity
(Div_Prod) was also included to account for the variety of items pro-
duced by a household for sale and subsistence. We use a proxy variable
to represent knowledge related to these resource-use practices
(Know_Ag, Know_For, Know_Fish), as it is also a relevant to livelihoods
(Berkes, Colding, & Folke, 2000; Vogt et al., 2016).

All household income sources and annual earnings were identified
to develop indicators of financial capital. These include current loans
(Loans), per capita income (PerCap), and participation in seasonal
migratory work (Mig_Work). We also developed indicators of income
diversity (Div_Income) as well as indicators of economic dependence on
employment and wage labor (Dep_Work), crop and livestock sales
(Dep_Mark), and external cash transfers (Dep_Ext), which includes in-
come from social government programs as well as urban family re-
mittances.

Farm animals (Anim) are important assets for rural families, and all
species owned by a household were accounted for. The total number of
cattle heads (Catt) is considered separately from other domestic ani-
mals, as it is a key indicator of wealth in the Amazon (Hecht, 1993).

Access to technology (Tech) can boost farm production and sales.
We documented the use of motorized equipment (e.g., chainsaws,
electric mowers) and agricultural inputs (i.e., pesticides, fertilizers,
insecticides), which can be taken as a broad indicator of physical ca-
pital.

The total household landholdings (Prop) was documented, as was
land tenure status (Title). These may be considered indicators of natural
capital, but are also indicative of the rights and access linked to this
capital base (Ribot & Peluso, 2003). Forested area and productive land
are other indicators of natural capital that we take to be spatially ex-
plicit, as described in the following section.

Participation in church (Church) and association activities (Asso,
including unions and formal organizations) are common indicators of
social capital. We also documented participation in projects (Proj), in-
cluding technical assistance or capacity building. Social network ana-
lysis is an additional means to understanding the complex concept of
social capital (Borgatti & Foster, 2003; Burt, 1997; Lin, 1999; Pelling &
High, 2005; Pretty & Ward, 2001; Putnam, 1993), as described in the
next section.

3.3.1. Spatial and social relational indicators
Geo-spatial and social network analyses were used to calculate re-

lational livelihood indicators (Fig. 2). Unlike many of the conventional
livelihood indicators previously described, relational indicators have

Table 1
Participating communities.

Community 1 Community 2 Community 3 Community 4

Settlement history 80 years ∼60 years ∼30 years ∼30 years
Location Riverside with seasonal secondary

road access
Riverside with seasonal secondary
road access

Roadside Roadside

Populationa 123 residents, 26 households (67
adults)

207 residents, 37 households (80
adults)

156 residents, 27 households (58
adults)

173 residents, 44 households (133
adults)

Origin Mostly Amazonian families Mixed Amazonian and migrant
families

Mostly migrant families Mostly migrant families

Land-use/land-cover (%)b Primary forest: 38.12 Primary forest: 29.04 Primary forest: 19.99 Primary forest:16.50
Secondary forest: 30.42 Secondary forest: 32.65 Secondary forest: 31.60 Secondary forest:24.91
Agriculture/pasture: 21.66 Agriculture/pasture: 30.34 Agriculture/pasture: 44.92 Agriculture & pasture: 51.82

a Community census conducted in 2011. Adults are people over the age of 15.
b Adapted from Rozon et al. (2015). The remaining land covers not included in the table are urban areas/roads and water. Community limits were defined by the

cadastral map developed in the methods section.
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not been commonly applied in research (King, 2011; Rockenbauch &
Sakdapolrak, 2017; Sakdapolrak, 2014). These describe the ways that
individuals related to each other and to natural resources in order to
make a living. They are described briefly herein, and further detail is
available in the Supplementary section.

To develop spatial indicators, community maps were first generated
collaboratively with participants using open-source GIS software (Grass
Development Team, 2012; Qgis Development Team, 2012). Allowing
interviewed individuals to locate the agricultural fields, pastures, for-
ests, and fishing areas that they regularly used. With this information,
we calculated indicators of resource-use, taking into account both the
distance and the availability of the resource (Geo_Fish, Geo_Ag,
Geo_For, Fig. 2). The geographic accessibility of urban markets and
services was also calculated (Geo_Mark, Fig. 2). In addition, individuals
identified other properties in the community that they used to farm
(Other_Ag) or forage and hunt (Other_For, Fig. 2).

Through social networks, individuals exchange goods and share
information, fostering the production of knowledge and helping
households cope with stress and adapt to change (Fafchamps & Gubert,
2007; Rockenbauch & Sakdapolrak, 2017; Vogt et al., 2016). Through
the analysis of community discussion networks, the number of people
with whom an individual discusses fishing practices, environmental
change, and agricultural practices was calculated and standardized
(Disc variables, Fig. 2). For the analysis of trade networks, we con-
sidered the exchange of fish as well as seeds and plants. Two indicators
were calculated for these networks, one representing the number of
trade partners that an individual or household gives the good to (Out
variable, Fig. 2), and the other representing the number of partners an
individual or household receives from (In variables, Fig. 2). Finally, we
considered local farm labor exchange networks, and calculated the
number of people that an individual works for in exchange for goods or

services in the community (Other_Work).

3.4. Characterizing livelihoods

Following the same procedure outlined by Oestreicher et al. (2014),
we conducted a correspondence analysis (CA) to characterize liveli-
hoods using the Vegan package (Oksanen et al., 2007) available in R (R
Core Team, 2012). Suitable for datasets with mixed data types (con-
tinuous, ordinal, binomial), this multivariate statistical method orders
data points and reduces their complex relationships into dimensions
(see Supplementary section). Results interpretation is thus analogous to
other ordination techniques (e.g. PCA, MDA) (Greenacre, 2010). Eval-
uating the results, both numerically and graphically, elucidates patterns
in the dataset based on the quantifiable similarities and differences
among variables (i.e., variance explained). Upon careful examination of
these relationships along the most statistically significant dimensions, a
typology can be developed by grouping variables into meaningful
clusters (Greenacre, 2010).

To trace pathways of livelihood change, we compared the livelihood
typology from 2011 with the previously published typology from 2003.
This comparison was supported by cross-sectional data from both years,
as well as participant observations accrued over seven years and life
history interviews conducted in 2011, as described by Oestreicher et al.
(2014).

4. Results

4.1. A typology of livelihoods in 2011

To develop a typology of livelihoods with the 2011 dataset, we
examined the first four dimensions of the correspondence analysis (CA)

Fig. 2. Illustration of the spatial and social relationships considered in this study. Social ties of an exemplary personal (ego) network are shown and the corre-
sponding degree centrality indicated. In the case of trade networks, arrows designate the flow of materials (being plants in this example) between individuals. Spatial
connections show distance (km) measures, which were used to calculate spatial relational indicators. The map was generated with SPOT-5 satellite imagery from
2011, graciously provided by the SEAS-Guyane Project (www.seas-guyane.org).
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(see Supplementary section). Fig. 3 plots dimensions 1 and 2, charting
out the key patterns in the dataset. The associations between variables
were carefully interpreted such that the livelihood indicators were
grouped into five meaningful clusters (Fig. 3).

The “extractivist” cluster (Fig. 3) is characterized by strong re-
lationships with the natural environment, including knowledge of, use
of, and geographic proximity to forest and aquatic resources. As de-
tailed in the Supplementary section, this cluster is also associated to
small-scale agricultural systems, mostly for subsistence rather than for
sale. Discussions of fishing practices and environmental change through
social networks indicates ecological knowledge transfer, while the use
of neighboring properties for farming and hunting and involvement in
local trade networks suggests reciprocal and cooperative social re-
lationships among extractivist households.

The “subsistence” cluster (Fig. 3) is characterized by small-scale,
subsistence level agriculture and low per capita income. Key features
include receiving cash from urban family members and social welfare
programs, as well as support from neighbors through wage labor op-
portunities and gifts of fish and plants. This suggests a dependence on
social assistance from both local, informal sources as well as external,
formal sources. Gender is also a relevant variable, with men being more
closely associated to this cluster.

There are two clusters related to market-oriented farm production.
Distinguishing features of the “agriculture” cluster (Fig. 3) is the pro-
duction of cash crops using chemical inputs to increase yields and sales,
and the involvement in associations activities. The “ranching” cluster is
characterized by a larger number of cattle heads, higher market ac-
cessibility, and higher per capita income. For both of these clusters,
loans and lines of credit are important, as is seasonal migratory labour
on industrial farms.

The “off-farm employment” cluster (Fig. 3), which is also defined by
high per capita income, includes income from employment and high

education levels.
Because variables are grouped according to their similarity, these

clusters present a typology of the main and overarching livelihood
strategies in the dataset. On the ground, the boundaries between live-
lihoods are likely to be fuzzy; that is, individuals may rely heavily on
activities in one cluster, but they may also practice activities from other
clusters, albeit to a lesser degree. While the patterns of associations
outlined above refer to Fig. 3, we ensured that these associations were
sustained in the other canonical dimensions. Some variables migrated
between clusters or explained more of the variation along axis 3 or 4.
This highlights the multidimensionality of the dataset and the diversi-
fication of livelihoods, which is noted in the Supplementary section,
and indicated in the overlapping of clusters in Fig. 3.

Additional patterns can be elucidated by plotting objects scores
(individuals) and labelling them by categorical variables of interest
(Greenacre, 2010; Legendre & Legendre, 2012). We examined com-
munity and primary residence location (roadside or riverside) to ac-
count for any spatial variation linked to the geopolitical and ecological
differences among communities (Table 1). Many members of Commu-
nity 4 were concentrated in the ranching and agriculture clusters while
other communities were well dispersed among clusters. Similarly, many
riverside households were concentrated in the extractivist cluster, while
roadside households were well dispersed.

4.2. Trajectories of change

4.2.1. Livelihood indicators in 2003 and 2011
A cross-sectional comparison of data collected in 2011 and 2003

demonstrates that average per capita income increased considerably in
Communities 1 and 2 as did the proportion of people engaging in off-
farm employment (Table 2). This corresponds to the opening of small
local businesses or employment in the expanding public sector. In 2011,

Fig. 3. Biplot of variable scores (livelihood indicators) of the first and second dimensions of the correspondence analysis (CA1 and CA2). Variables are represented by
circles and their corresponding names are shown (see Supplementary section, Tables S1 and S2). Livelihood indicators that vary similarly in the dataset will be
grouped closer together, while those that vary differently or in opposite directions will be further from each other. The distance from the origin indicates the
importance of a variable, such that variables further from the origin explain more of the variation in the dataset.
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we also documented seasonal migratory work in the off-farm sector
related to export commodity production (i.e., construction, domestic
services, etc.), that was not present in 2003.

There is wider participation in the market economy in 2011, as
average earnings from sales of cattle and crops increased. More land
area was dedicated to agriculture, highlighting an overall trend of farm
expansion and intensification. Indeed, the mean number of cattle heads
doubled since 2003 (from 15 to 30 heads/household) and mean crop
yields increased 4-fold (from 77 kg/yr to 319 kg/yr).

Inequalities are generally larger in 2011 (Table 2), with dis-
crepancies in land holdings and land-use being most prominent. While
land was accrued (with the largest lot being 300 ha in 2011) and area
used for agriculture increased (to a maximum of 90% of the lot), the
smallest farm deceased from 20 ha to 8 ha. These gaps are also reflected
in production levels. The largest cattle herd tripled from 50 to 150
heads, while the smallest heard remained at 2 only heads. Similarly, the
maximum crop yield jumped from 217 kg/yr to 950 kg/yr, while the
lowest yield remained around 15 kg/yr.

Overall, extractivism decreased. There were 20% fewer people
practicing fishing in 2011, and a similar reduction occurred in hunting
and forest gathering (Table 2). On farms, there was a net loss of average
forest cover, although, according to community land-use change ana-
lyses, this occurred primarily in Community 2, while Community 1
(where many extractivists reside, Table 1) still contains primary forests
fragments (see Oestreicher et al., 2014; Rozon et al., 2015).

The average household size was larger in 2003, while the number of
family remittances increased over time (Table 2), suggesting that

household members have migrated to cities to support families. In fact,
demographic censuses taken between 2008 and 2012, demonstrate that
24% of the population had left these two communities, about half of
whom were women and children. There were fewer people enrolled in
school in 2011 (Table 2), likely due to recent out-migration.

4.2.2. Livelihood typologies in 2003 and 2011
How these differences are reflected in livelihoods is revealed when

the typology developed in 2011 (this study) is compared to the 2003
typology developed in our previous publication (Oestreicher et al.,
2014). While five clusters were characterized in 2011, only three
groups of livelihood variables were characterized in 2003. These were:
1) extractivist activities of fishing, hunting, and forest gathering; 2)
mixed farming activities, combining small-scale agriculture for both
market-sale and subsistence; and 3) off-farm employment. This de-
monstrates how rural ways of living have evolved over almost a decade,
which are summarized in pathways of change in Table 3.

While in 2003, all farming variables were clustered into a single
group, in 2011 three farming clusters emerged. The rise of market-or-
iented cash crop production and ranching of larger herds suggests a
pathway towards farm intensification and specialization (Table 3). This
agrarian-accumulator trajectory is related to the accumulation of land,
livestock, and capital, as theorized by the frontier and life-cycle lit-
eratures (Browder et al., 2008; Walker et al., 2002). Key characteristics
include farmland accessible to markets, engagement in migratory labor
on industrial farms, and use of chemical inputs. Additionally, associa-
tion membership and access to credit indicates that this trajectory is

Table 2
Comparison of data collected in 2003 (Oestreicher et al, 2014) and in 2011 (this study). The mean value for the sample population is indicated with the minimum and
maximum values in parentheses, except when the value corresponds to a proportion of the population.

2003a 2011

Annual Per capita income 450 R$/person (48–1500 R$) 3252 R$/person (166–11 320 R$)
Off-farm work (proportion of population) 0.15 0.36
Annual income from cattle sales 463 R$ (0–4000R$) 3771 R$ (0–10 000 R$)
Annual income from crop sales 865R$ (0–3080 R$) 1416 R$ (0–5400 R$)
Proportion receiving remittances from urban family members 0.14 0.35
Age of male household head 45.3 years (21–68 years) 49.7 years (25–74 years)
Household size (people/household) 7.2 people (1–22) 4.3 people (1–14)
Proportion of people enrolled in school 0.34 0.18
Total land holdings (ha) 71 ha (20–100 ha) 83 ha (8–300 ha)
land tenure status (proportion of farms) no title: 0.28 no title: 0.09

provisionary:0.41 provisionary: 0.39
legal title: 0.30 legal title: 0.52

Land area in pasture and crop cover 20% (4–63%) 43% (11–98%)
Land area in forest coverb 79% (37–99%) 57% (2–89%)
Number of forest fruits, nuts, and medicines extracted 5.14 (0–14) 2.70 (0–17)
practicing hunting (proportion of population) 0.55 0.38
practicing fishing (proportion of population) 0.84 0.64

a In 2003, 56 households were interviewed, while 49 were interviewed in 2011 in communities 1 and 2.
b Includes primary and secondary (fallow) forest.

Table 3
Summary of trajectories of change, comparing the clusters of livelihood activities characterized in 2003 and 2011.

Trajectory Extractivist diversification Subsistence-dependent Agrarian-accumulator Off farm
employment

2003 cluster fishing, hunting, and forest extraction Mixed farming for subsistence and
sale

Mixed farming for
subsistence and sale

Mixed farming for subsistence
and sale

Extractivism or
farming

↓ Adaptive diversification Subsistence trap Intensification Specialization Sectoral
transitionKey process

2011 cluster fishing, hunting, forest
extraction+ small-scale agriculture

Subsistence farming+ local wage
labour

Cash crop production ranching+migratory farm
labor

Off farm
employment

Key characteristics Strong ties to ecosystem, reciprocity
and cooperation with community

Depends on social assistance from
community members, urban
family, government programs

access to agrarian credit and technology, involvement in
agrarian associations, market accessibility

Education and
training
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linked to participation in agrarian development programs that promote
these land use practices.1

On the other hand, in 2011 a cluster that depends almost exclusively
on subsistence agriculture emerges, suggesting that some farmers were
trapped in a cycle of subsistence production. This signals a distinct and
opposite agrarian pathway that we label subsistence-dependent. To sup-
plement livelihoods, farmers relied on urban family remittances and
social assistance from both public programs (e.g., bolsa familia)2 and
community members, including gifts of food, seeds, and plants and
petty cash in exchange for labour on neighboring farms.

Hunting, fishing and forest product collection continued to be
keystone activities for subsistence extractivists, remaining clustered
together in both years. In 2011, however, these activities were com-
plemented by small-scale farming activities, suggesting that extra-
ctivists responded to growing market opportunities by expanding their
agricultural practices, while adapting their extractivist activities to the
changing environmental conditions (e.g., decreased forest cover, loss of
biodiversity, climate changes) through engagement in discussion and
knowledge exchange networks (Berkes et al., 2000). We label this tra-
jectory extractivist diversification.

Likewise, employment remains a relevant activity in both 2003 and
2011, although more households were relying on this income source in
2011 (Table 2). This suggests that there was a sectoral transition,
whereby extractivism or farming was replaced by employment activ-
ities, including public sector jobs (i.e., schools, clinics, municipal gov-
ernments, etc.) and local businesses (supply shops, bars, transportation,
etc.). We define this as the off-farm employment trajectory.

5. Discussion

Over nearly a decade, rural livelihoods in the Tapajós River region
became increasingly stratified, as resource-use practices shifted and
gaps in income and land assets grew, following four trajectories. Each of
these overarching pathways is defined by different livelihood oppor-
tunities and challenges, and they broadly trace the ways different actors
navigated socio-ecological change linked to on-going economic devel-
opment in the region. While some households benefited, with notable
increases in wealth and land, others continued to cope with subsistence
living.

Among those whose benefited were actors who transitioned to off-
farm employment, either establishing local businesses to meet growing
demands for goods and services or finding jobs in the expanding public
sector. This transition likely occurred among households that were al-
ready relatively capital rich and educated, as small businesses have
start-up costs, while employment often demands higher education le-
vels. Historically, access to schooling has been skewed by gender and
class (VanWey & Vithayathil, 2013); today, however, there is a new
generation of educated young adults from economically marginalized
households, owing to the conditional cash transfer program, Bolsa Fa-
milia. Yet, off-farm work opportunities remain scarce in remote com-
munities and, although commuting to nearby burgeoning towns is in-
creasingly an option, job demand remains low.

In other regions, transitions to off-farm work are increasingly cou-
pled with rural out-migration, while households facing persistent pov-
erty are more likely to leave communities in search of jobs (Randell &
VanWey, 2014; Richards & VanWey, 2015b). This may explain the

recent wave of rural emigration observed in participating communities
and the increase in family remittances, especially among poorer, sub-
sistence households. This suggests that members of these families are
seeking employment elsewhere, while wealthier households have the
option to capture or create local job opportunities.

Farmers who transitioned from small-scale to specialized and in-
tensified production in the agrarian-accumulator trajectory similarly
benefited from changes related to regional economic development.
While the location and size of their farms facilitated wider participation
in the growing market economy, this transition was likely triggered by
inclusion in farmer’s associations and rural development programs.1 In
the mid 2000s, these farmers gained access to finances, technical as-
sistance and other resources, allowing them to boost yields, increase
sales and reinvest in farms. At the same time, smallholders who were
able to sustain association membership, extended their economic and
political networks beyond the community (Randell & VanWey, 2014;
VanWey & Vithayathil, 2013). In doing so, they captured emerging
opportunities, such as improving market transaction efficiency or ac-
cessing seasonal and migratory jobs, which ultimately reinforced their
trajectory of capital accumulation.

Asset-poor farmers and extractivists, on the other hand, were unable
to access these benefits, in part owing to the institutional obstacles they
faced. Opportunities to expand production and accumulate capital were
limited, as program participation and association membership required
pre-established practices, proven income levels and land titles (Perz
et al., 2006; Walker et al., 2002). This is likely an underlying cause of
the growing gaps in wealth and land use practices overtime, as farming
practices became increasingly differentiated.

Farmers excluded from these development benefit is continued
practicing slash-and-burn agriculture at mostly subsistence levels in the
subsistence-dependent trajectory. Unlike agrarian-accumulators, they
faced additional material constraints, such as small, inaccessible farms
with nutrient poor soils or limited labor and financial capital. Unable to
produce surplus yields or generate income, these farmers must con-
tinuously shorten fallow periods to meet their subsistence needs (Carter
& Barrett, 2006; Coomes, Takasaki, & Rhemtulla, 2016). In the tropical
Amazonian ecosystem, this provokes rapid erosion and nutrient de-
pletion, thereby reducing future farms yields. Under such circum-
stances, a subsistence trap can emerge, which is driven by pre-existing
deficits in livelihood capitals and is reinforced by ecological feedbacks
(Coomes et al., 2016; Coomes, Takasaki, & Rhemtulla, 2011; Guedes,
VanWey, Hull, Antigo, & Barbieri, 2014).

Colonist households have been known to abandon lots and move to
new frontiers, due to such environmental, economic or land tenure
pressures, leaving farms to transition to secondary forest cover or be
consolidated by agribusiness conglomerates (Rudel, 1998; Walker &
Homma, 1996). However, recent trends show that migration to towns
along commodity export corridors is increasingly common, indicating
that households are replacing family farming with wage labor on in-
dustrial soybean farms or other work related to agribusiness expansion
(Parry, Peres, Day, & Amaral, 2010). Indeed, follow-up demographic
surveys revealed that by 2015, the population in Community 3 was
approaching zero, corresponding to a sharp increase in secondary re-
growth (Rocha et al., forthcoming). This demonstrates the growing
influence of commodity demand on rural livelihoods, driving both land
use change and out-migration, especially among poorer households
(Randell & VanWey, 2014; Richards & VanWey, 2015a).

Unlike colonist families, Amazonian families have been coping with
political economic change for centuries through fishing, hunting and
forest gathering (Harris, 2009). Integral to their social and cultural
identity, extractivists tend to maintain these practices even as other
opportunities emerge, to buffer stresses like crop failure or market
fluctuation (Mcsweeney, 2006; Oestreicher et al., 2014). Although ac-
tors in the extractivist-diversification trajectory faced similar institutional
and material constraints as subsistence-dependent farmers, it was likely
their knowledge and use of diverse natural resources that helped

1 Through the National Programme for Strengthening Family Farming
(PRONAF), smallholders accessed financial capital, technical assistance, new
seed and livestock varieties, chemical fertilizers and supplements through
bridging organizations, such as farmer’s associations. While the program was
initiated in 1997, it was implemented in the communities around 2006.
2 Bolsa Familia (Family Grant) is a conditional cash transfer program that

incentivizes school attendance for children from poor families. Although im-
plemented in the early 2000s, it wasn’t until 2006 that families in the study
communities were accessing these funds.
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circumvent the aforementioned subsistence trap.
With deforestation, overfishing and climate change, however, the

viability of these practices is diminishing (Minzenberg & Wallace, 2011;
Salisbury & Schmink, 2007). In this study, extractivists rely on discus-
sions of ecosystem conditions and ecological knowledge exchanges
among members of their communities, likely to adapt their practices.
Nonetheless, resource depletion and loss of this “ecological insurance”
is an on-going threat to their livelihoods (Mcsweeney, 2004;
Mcsweeney, 2005) and like subsistence-dependent farmers, extractivists
face livelihood insecurity linked to ecosystem degradation. Unlike co-
lonist farmers, however, people with historical and kinship ties to place
are less likely to abandon their land and move to new locations
(Richards & VanWey, 2015b), highlighting how place-based relation-
ships that are rooted in culture and history can shape livelihood path-
ways.

For extractivists and asset-poor farmers, support through local social
networks helps manage the effects of ecosystem degradation and live-
lihood insecurity. While subsistence farmers receive support from their
neighbors, extractivists engage in more reciprocal and diverse social
arrangements, possibly owing to the precedence of historical, kinship
ties. Built on mutual trust and cooperation, these social networks offer
an informal safety net for remote communities where access to markets
and health care is low or public institutions are weak (De Weerdt &
Fafchamps, 2011; Fafchamps & Gubert, 2007). While this has histori-
cally been the case in the study region, the context is changing.

As households continue to integrate into the cash economy, social
connections, which have been vital to sustaining rural livelihoods, tend
to break (Baird & Gray, 2014; Jaimovich, 2015). Indeed, in this study,
capitalized farmers do not often rely on neighbors for assistance, but
rather bank loans or assets sales (e.g., cattle) to buffer stress. For poor
families, cash transfer programs now provide a formal social safety net,
as public social programs expanded their reach in the last decade. Yet,
distance from cities is a serious obstacle for program compliance,3 so
families in remote communities are beginning to migrate to urban areas
to access funds (Parry, Day et al., 2010; Tritsch & Le Tourneau, 2016).
This further provokes the dissolution of the informal social arrange-
ments upon which subsistence farmers and extractivists depend
(Mertens, Saint-Charles, Lucotte, & Mergler, 2008; Randell & VanWey,
2014), demonstrating the complex links between shifting social net-
works, economic development, and livelihoods (Rockenbauch &
Sakdapolrak, 2017).

6. Conclusions

Over nearly a decade, rural households in the Tapajós River region
adapted their livelihoods, as they navigated the effects of economic
globalization and regional development processes, following four broad
trajectories. These outline the pathways towards growing inequalities
and land use change observed in rural communities. Overall, they
signal shifts in rural relationality; with the rise of seasonal migratory
labour, rural out-migration, and employment in cities, livelihood ac-
tivities are extending across multiple locations and households are be-
coming less reliant on local land resources. Households are building
social ties outside the community, while weakening local social systems
of support that have been key to helping households cope with liveli-
hood insecurity in the past. Looking to the future, shifting social and
economic networks and ongoing degradation of land and aquatic re-
sources will impact the livelihoods of extractivists and land poor
farmers most. Compounded with economic incentives to out-migrate,
the displacement of poverty to urban areas and export corridors is a
growing concern.

Scholars and practitioners can draw on our findings to identify
different community stakeholder groups based on these often-over-
looked aspects of social and spatial relationality of households, in ad-
dition to the more traditional indicators of livelihood practices and
capitals. Community-based actions and policy interventions can there-
fore be better tailored to address the actor-specific mechanisms that
drive land-use and demographic changes, especially among poor or
marginalized households. Doing so can support the development of
more appropriate and desirable programmes to alleviate poverty, foster
conditions that enable sustainable and flourishing rural livelihoods, and
sustainably manage ecosystems in tropical developing regions and ra-
pidly urbanizing areas.
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