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knowledge and understanding of the system, which spanned a wide array of 

disciplines. 

As I began to fill the gaps, I also became more aware of the current state of research 
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work that would be seen as " legitimate" in the eyes of disciplinary journals in order to 
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analysis I conducted were shaped by disciplinary norms and expectations. For 
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With all these seemingly incommensurable influences swirling around me in a 

figurative tornado, I found the eye of the storm by transforming my thesis into a 

piecemeal, bricolage of disciplinary articles rather than a true synthesis. While the 

outcome of this work is ultimately something I had not anticipated nor expected, I am 

nonetheless proud of my efforts and achievements in that I have mastered a broad 

scope of subjects, literatures and methods and have worked from very different 
' 

epistemological perspectives. The final section of this thesis does take a first step 

towards integrating the ideas and data outlined in the chapters. 
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RESUME 

Les activites humaines continuent a transformer les ecosystemes et les services qu'ils 

fournissent, amenant des preoccupations importantes pour la sante publique. II est de 

plus en plus reconnu que les problemes de sante humaine emergent de complexes 

interactions socio-ecologiques, ce qui signifie que les chercheurs, Jes praticien(ne)s et 

les communautes locales doivent developper de nouvelles approches qui tiennent 

compte de ces aspects. 

Dans cette these, une approche interdisciplinaire a ete adoptee et plusieurs methodes 

sont appliquees afin d' approfondir notre comprehension des relations complexes 

entre des facteurs sociaux et ecologiques qui contribuent aux problemes de sante 

humaine. Pour ce faire, les concepts de paysage et de moyens de subsistance sont 

introduits. Etant des proprietes observables et mesurables du systeme socio-

ecologique, les moyens de subsistance et les paysages representent un laboratoire 

ideal pour etudier les interactions socio-ecologiques associees a la sante humaine. 

L'exposition au methylmercure et la maladie de Chagas (trypanosomiase americaine) 

dans la region du fleuve Tapaj6s en Amazonie bresilienne sont des etudes de cas. 

Selon le projet Poor Land-Use, Poor Health (PLUPH), au sein duquel cette recherche 
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a ete menee, ces deux problemes de sante proviennent des processus a la fois sociaux 

et ecologiques; ils sont, done, des candidats ideaux pour etudier la sante, le paysage et 

!es moyens de subsistance. 

D' abord, des resultats de plusieurs etudes disciplinaires sont presentes dans cinq 

chapitres, chacun d' entre eux etant un article independant traitant des differents 

aspects du systeme socio-ecologique. Plus precisement, les facteurs 

socioeconomiques et culturels de la prise de decision quant aux moyens de 

subsistance et les changements de paysage sont explores (Chapitres 3 - 5), !es effets 

des changements de paysage sur la mobilisation du mercure dans l'environnement 

sont examines (Chapitre 1), et la presence du palmier Atta/ea dans le paysage est 

modelise (Atta/ea etant la niche ecologique de l'insecte vecteur de la maladie de 

Chagas) (Chapitre 2). Chacun de ces chapitres offre une contribution unique a 
l'avancement des connaissances dans un champ d'expertise, que ce soit l'hydrologie 

des plaines inondables et la geochimie (Chapitre 1 ), la teledetection et la modelisation 

ecologique (Chapitre 2), ou l'ecologie politique et hwnaine (Chapitres 3 - 5). Divers 

types de donnees et de methodes qualitatives et quantitatives sont employes. Les 

techniques de collecte de donnees varient de l'echantillonnage des sediments 

(Chapitre 1), a la caracterisation de la vegetation et a la cartographie de palmiers 

(Chapitre 2), aux enquetes socioecon9miques (Chapitres 3 -5), et aux entretiens 

(Chapitres 3 -5). Les outils analytiques egalement sont divers et incluent des 

techniques quantitatives telles que !es regressions logistiques (Chapitre 2), !' analyse 

des reseaux sociaux (Chapitres 4 et 5), !'analyse spatiale basees sur des plates-formes 

de SIG (Chapitres 1, 2, 4 et 5), et les analyses de correspondance (Chapitres 2-5). De 

plus, !es donnees qualitatives sont utilisees dans !'interpretation et la validation des 

resultats et une analyse thematique a ete entreprise avec !es donnees d'entrevue 

(Chapitre 3). 
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Pour synthetiser ces resultats, une representation conceptuelle basee sur les moyens 

de subsistance et le paysage est presentee afin de mieux comprendre la sante humaine 

(Chapitre 6). Les donnees de deux communautes demontrent la fa9on dont les 

dynamiques sociales et ecologiques sont liees a la biogeochimie du mercure et son 

exposition chez les humaines ainsi qu ' a l'ecoepidemiologie de la maladie de Chagas. 

Typiquement, les maladies a transmission vectorielle (telles que la maladie de 

Chagas) et l'exposition a des toxines (comme le methylmercure) sont traites comme 

des problemes independants. Les resultats de cette these demontrent que plusieurs 

risques de sante peuvent etre pris en consideration en meme temps, ce qui represente 

une nouvelle avenue pour la recherche et la pratique. La gestion adaptative peut cibler 

les dynamiques socio-ecologiques qui sont a l' origine de multiples problemes de 

sante, et ainsi contribuer a des strategies integrees de prevention pour la sante 

publique. 

MOTS-CLES: Socio-ecologique; moyens de subsistance; paysage; sante humaine; 

fleuve Tapaj6s; Amazonie bresilienne; mercure; maladie de Chagas 





RESUMO 

As atividades humanas transformam continuamente os ecossistemas e os serviiyos que 

eles proporcionam - o que representa uma preocupaiyao importante para a saude 

publica. Cada vez mais se reconhece que os problemas de saude emergem de 

complexas interaiyoes s6cio-ecol6gicas; assim, pesquisadores, profissionais e 

comunidades locais precisam encontrar novas abordagens que consideram estes 

aspectos profundos da saude humana. 

Nesta tese, optou-se por urna abordagem interdisciplinar, usando um conjunto de 

metodos, com o prop6sito de se compreender as relaiyoes complexas entre diversos 

fatores sociais e ecol6gicos associados a saude humana; isto foi possivel pela 

introduiyao dos conceitos integradores de paisagem e meios de vida, que permeiam 

toda a tese. Estes dois conceitos sao propriedades observaveis e mensuraveis do 

sistema s6cio-ecol6gico e representam laborat6rios ideais para se investigar o 

funcionamento deste sistema e a saude hurnana. 

Prop6s-se como estudo de caso a exposiiyao ao metilmercurio e a doeniya de Chagas 

(Tripanossomiase americana) na regiao do Rio Tapaj6s, na Amazonia brasileira. 0 

projeto Poor Land-Use, Poor Health (PLUPH), dentro do qua! esta tese foi realizada, 
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aponta que estes dois problemas de saude tern suas origens nas intera95es sociais e 

ecol6gicas, tornando-os candidatos ideais para se estudar a saude, a paisagem e os 

meios de vida. 

Primeiramente, os resultados de cinco estudos disciplinares sao apresentados. Eles 

estao organizados em capitulos, em formato de artigos independentes, cada um 

tratando de um aspeto especifico do sistema s6cio-ecol6gico. Foram explorados os 

varios aspectos socioecon6micos e culturais ligados a decisao sobre os meios de vida 

e as mudan9as da paisagem (Capitulos 3-5), examinados os efeitos das altera95es da 

paisagem, a partir do movimento mercurial no ambiente (Capitulo 1 ), e modelada a 

presen9a de palmeiras Atta/ea na paisagem, principal nicho do inseto vetor da doen9a 

de Chagas (Capitulo 2). Cada um destes capitulos fornece contribui9ao (mica para o 

avan90 do conhecimento em um campo cientifico determinado, seja aquele da 

hidrologia e geoquimica (Capitulo 1 ), do sensoriamento remoto e modelagem 

ecol6gica (Capitulo 2), ou da ecologia politica e humana (Capitulos 3-5). Varios 

dados e metodos qualitativos e quantitativos foram aplicados, e as tecnicas de coleta 

de dados variaram amplamente, desde amostragem dos sedimentos (Capitulo 1 ), 

levantamento e mapeamento da vegeta9ao florestal (Capitulo 2), questionarios 

socioecon6micos (Capitulos 3-5), ate entrevistas ( capitulos 3-5). Adicionalmente, 

foram usadas multiplas ferramentas de explora9ao de dados, incluindo analises 

quantitativas como regressoes logisticas (Capitulo 2), analise de redes sociais 

(Capitulos 4 e 5), analise espacial com plataformas SIG (Capitulos 1, 2, 4 e 5), e 

analise de correspondencia (Capitulos 2-5). Alem disso, a informa9ao qualitativa foi 

usada na interpreta9ao e triangula9ao dos resultados e na analise tematica das 

entrevistas (Capitulo 3). 

Para sintetizar os resultados da tese, o ultimo capitulo apresenta uma representa9ao 

conceitual que utiliza os meios de vida e a paisagem para compreender a saude 
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humana. Os dados de duas comunidades sao apresentados para ilustrar_ como as 

dinamicas sociais e eco16gicas se relacionam com a biogeoquimica do mercurio e sua 

exposic;:ao, bem como com a ecoepidemiologia da doenc;:a de Chagas. 

Tradicionalmente, as doenc;:as transmitidas por vetores (como Chagas) ea exposic;:ao 

as toxinas ( como o metilmercurio) sao tratadas como problem as de saude separados e 

nao relacionados. Os resultados desta tese ressaltam novas oportunidades tanto para 

pesquisa quanta para praticas, pois considera de forma integrada os problemas de 

saude relacionados a vetores e aos riscos toxicol6gicos. Com base no modelo 

apresentado, soluc;:oes de gestao adaptativa podem identificar as dinfunicas s6cio-

ecol6gicas que causam varios problemas de saude, contribuindo, assim, para 

estrategias integradas de prevenc;:ao para a saude publica. 

PALA VRAS-CHA VE: Sistemas socioecol6gicos; meios de vida; paisagem; saude 

humana; Rio Tapaj6s, Amazonia brasileira; mercurio; doenc;:a de Chagas 





ABSTRACT 

Human activities continue to transform ecosystems and the services they provide, 

causing serious concern for public health. In fact, it is increasingly recognized that 

health problems emerge from complex socio-ecological interactions; so researchers, 

practitioners, and local communities must find new approaches that account for these 

underlying and complex drivers of health. 

In this thesis, an interdisciplinary approach is taken and multiple methods are applied 

to further our understanding of the complex relationships among a wide range of 

social and ecological factors related to human health. To do so, the integrating 

concepts of landscapes and livelihoods are introduced. As observable and measurable 

properties of the socio-ecological system, livelihoods and landscapes represent 

powerful laboratories to investigate socio-ecological functioning and human health. 

Methylmercury exposure and Chagas disease (American trypanosomiasis) in the 

Tapaj6s River region of the Brazilian Amazon are taken as case studies. The Poor 

Land-Use, Poor Health (PLUPH) project, in which this research is undertaken, 

proposes that these two health problems originate in complex social and ecological 
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interactions, making them ideal candi~ates to study heath, landscape change and 

. livelihoods. 

Firstly, the findings of five disciplinary studies are presented. Organized in chapters, 

each study is stand-alone article that deals with a specific aspect of the socio-

ecological system. The socio-economic and cultural aspects of livelihood decision-

making and landscape change are explored (Chapters 3 - 5), the effects of landscape 

change on mercury movement in the environment are examined (Chapter 1 ), and the 

presence of Atta/ea palm trees in the landscape is modeled (Atta/ea being the 

principal niche of the insect vector of Chagas disease) (Chapter 2). Each of these 

chapters provides a unique contribution to the advancement of knowledge in a given 

area of scholarship, be it floodplain hydrology and geochemistry (Chapter 1 ), remote 

sensing and ecological modeling (Chapter 2), or political and human ecology 

(Chapter 3 - 5). Both qualitative and quantitative data types and methods are drawn 

upon. Data collection techniques range from sediment sampling (Chapter 1 ), forest 

surveying and vegetation mapping (Chapter 2), socio-economic surveys (Chapters 3 -

5), and open ended interviews (Chapters 3 -5). Analytical tools also span a wide 

array, from quantitative techniques such as logistical regressions (Chapter 2), social 

network analysis (Chapters 4 and 5), spatial analysis using GIS platforms (Chapters 

1, 2, 4 and 5), and correspondence analyses (Chapters 2 - 5). Additionally, qualitative 

information is used in interpretation and triangulation of results, and a thematic 

analysis was undertaken with interview data (Chapter 3). 

To synthesize these findings, Chapter 6 proposes a conceptual representation of 

livelihoods and landscapes to understand human health. Data from two communities 

are presented that illustrate how social and ecological dynamics are related to 

mercury biogeochemistry and exposure as well as Chagas disease ecoepidemiology. 

Traditionally, vector-borne diseases (such as Chagas disease) and exposure to toxins 
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(such as methylmercury) are treated as separate and unrelated health concerns. The 

results of this thesis highlight avenues for research and practice that allow both 

vector-related and toxicological health risks to be considered in tandem. Building on 

this model, adaptive management solutions can target the common, underlying socio-

ecological drivers of multiple health concerns, and thereby contribute to integrated 

public health prevention strategies. 

KEYWORDS: Socio-ecological; livelihoods; landscape; human health; Tapaj6s 

River, Brazilian Amazon; mercury; Chagas disease 





INTRODUCTION 

On-going pressures, such as climate change, development, urbanization or population 

growth are radically altering the structure and functioning of the earth' s socio-

ecological systems1 (Berkes et al., 2002; Berkes et al., 2000; Foley et al., 2007; 

Folke, 2006; Lead et al., 2005; Millennium Ecosystem Assessment, 2005). This is 

cause for concern not only for long-term economic growth, the integrity of 

ecosystems, and social equity and justice, but also for public health (Charron, 2011 ; 

Myers et al., 2009). Vital ecosystem services are being compromised at 

unprecedented rates with sometimes serious, compounding effects on the 

environment and people (Foley et al. , 2007; Grimaldi et al. , 2014; Metzger et al., 

2006). The collapse of the Atlantic cod fisheries or increasing carbon emissions from 

tropical deforestation are but two among numerous examples (Biggs R, 2012; 

Millennium Ecosystem Assessment, 2005; Scheffer et al. , 2001). 

1 The social-ecological concept is founded on the assertion that there are no "natural" systems 
(ecosystems) without humans and that social systems cannot and do not exist without nature. It 
recognizes that the social and ecological systems are interdependent, interconnected and co-evolve, 
and at the same time emphasizes that humans are one with and exist with in the ecosystem. See Annex 
A for further definitions of socio-ecological (systems) and other terms frequently used in this thesis, 
such as health, ecosystem services, etc. 
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Human activities also alter the cycling of pathogens and toxins in the ecosystem 

(Confalonieri et al. , 2014; Cook et al. , 2004; Daszak et al. , 2000; Foley et al. , 2007; 

Patz et al. , 2004), which can trigger disease outbreaks, chronic illness and epidemics 

(Berbes-Blazquez et al. , 2014; Rocha et al. , 2015). The global avian flu pandemic in 

2005, the outbreak of Zika virus infections in 2016 and many other emerging risks 

signal the urgent need for integrated socio-ecological considerations in public health, 

both globally and locally (Kapan et al. , 2006; Waltner-Toews et al. , 2008). Policy 

makers, researchers and communities are thus faced with the colossal challenge of 

managing the complex and non-linear relationships between people and the 

environment in order to uphold human health and well-being (Cook et al., 2004; 

Corvalan et al. , 1999; Parkes et al. , 2005 ; Tong et al. , 2010; Webb et al. , 2010). 

Within this larger context, researchers and practitioners are increasingly recognizing 

health to be the outcome of ecosystem dynamics and social milieus (Charron, 2011 ; 

Webb et al. , 2010). New approaches that build on complex socio-ecological systems 

thinking are promising avenues for deepening our understanding of drivers and 

processes related to human health (Berbes-Blazquez et al. , 2014). 

Landscapes and livelihoods are signatures of human-environment interactions, 

emerging as measurable and · observable properties of the socio-ecological system. 

They are at once the outcome of ecological factors (such as climate regimes or 

vegetation growth) as well as social factors (including public policies, social norms, 

or economic markets), and are thus potentially useful indicators for understanding 

socio-ecological dynamics and ecosystem service changes in the context of human 

health. To explore the analytical and conceptual contributions of landscapes and 

livelihoods to the larger conversation around health and socio-ecological systems, 

two pressing public health issues in the Brazilian Amazon were selected for study: 1) 

methylmercury exposure and 2) Chagas disease. These two health problems were 

chosen because they are emerging concerns for local populations and because their 
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etiology resides in complex social and ecological interactions, making them ideal 

candidates for study (PLUPH, 2012). 

In the introduction to this thesis, the concepts of livelihoods and landscapes are first 

briefly discussed and defined. Following this, the two public health problems are 

presented. Finally, in light of these definitions, the objectives, structure and outline of 

this thesis are provided. This thesis was carried in the context of a larger research 

project, Poor Land Use, Poor Health (PLUPH), which is also presented. 

0.1 Livelihoods 

Livelihoods of rural and resource-dependent households, such as those in the rural 

Amazon, have been defined in many ways across a number of fields (Chambers, 

1995; De Haan et al. , 2005; Ellis, 1998). In a broad sense, they are the "everyday 

practicalities and diverse modes of making and defending a living" (Long, 2000, p. 

186). More specifically, Carney (1998, p. 2) defines them as comprising "the 

capabilities, assets [ ... ], and activities required for a means of living." The livelihood 

options available to households are determined by myriad social and ecolog,ical 

factors , including social norms and mores, economic markets, formal institutional 

arrangements and public policies, forest and aquatic ecology, hydro-climatic cycling, 

geomorphology, etc. (Geist et al. , 2002; Lambin et al., 2010; Lambin et al. , 2001). In 

this sense, livelihoods can be considered an emergent property of the socio-ecological 

system, produced by a web of human elements ( e.g., social relationships and 

structures) and natw-al elements (i.e. , biological and physical parts of ecosystems) 

(Dijk, 2011). Herein, livelihoods are considered to be the collection of activities a 

household undertakes in order to make a living. The nuances of this concept are 

further explored with in Chapters 3, 4 and 5 of the thesis. 
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0.2 Landscapes 

Livelihoods shape household resource-use decisions, including decisions to deforest 

or modify land-use ( e.g., shifts from agriculture to pasture). These processes bring 

about distinct spatial patterns in vegetative cover, including fragments of primary 

forest, secondary forest regrowth, vast areas of pastureland, or small patches of crop-

cover. These patterns, which are observable with remotely sensed data such as 

satellite imagery (Cumming, 2011; Wagner et al. , 2005 ; Wu, 2006), are formed by 

the structural relationships and functional interactions between actors and ecological 

elements over time and space (Cumming, 2011 ; Plieninger et al., 2012). As such, the 

landscape can also be considered an emergent property of the socio-ecological 

system. 

Herein, I broadly refer to the landscape as the spatial and temporal patterns of land-

use/land-cover in the Tapaj6s Region. The concept is used primarily in a descriptive 

sense. Recognizably, however, landscapes have been conceptualized and measured in 

a number of ways across multiple fields of study (for comprehensive review see: 

Cumming, 2011 ; Plieninger et al. , 2012), but it is beyond the scope of this 

introduction to examine them all. Briefly, however, some researchers adopt a 

constructivist perspective, noting that landscapes are social and cultural artefacts 

(Plieninger et al., 2012). Others built on notions of ecology and complex systems, 

describing the landscape as sets of spatial patterns and analyzing connectivity, scale 

and heterogeneity among its components (Cumming, 2011; Turner et al. , 2001). In 
general, then, the landscape can at once be considered to be the biogeographic and 

social backdrop for human and non-human life, a means for people to construct 

place-based identities, and a set of observable patterns composed of spatially 

heterogeneous units of interest (e.g., vegetation, soils, topography, water bodies, etc.) 

(Turner et al., 2001 ). 
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0.3 Livelihoods, landscapes and human health 

The complex links between human health, the socio-ecological system and 

landscapes and livelihoods are well illustrated in the case of human exposure to 

methylmercury and Chagas disease ecoepidemiology in the Tapaj6s River region of 

the Brazilian Amazon (Coura et al., 2002; Romana et al. , 2003b; Roulet et al. , 2000; 

Roulet et al. , 1999). Figure 0.1 shows the conceptual relationships proposed herein, 

that are the basis for this research. 

Socio-ecological system 

Livelihoods Landscape 

Ecosystem services changes 
(modification of vector and biogeochernical dynamics) 

Human exposure to the insect 
vector 

(triatomines) infected with T. Cruzi, that 
can cause parasitic infection and, 

eventually, Chagas disease 

Human exposure to methylmercury 
an environmental contaminant that is 

toxic to humans 

Figure 0.1 Proposed relationships among livelihoods and landscapes and 
Chagas disease epidemiology and methylmercury exposure, as postulated by this 

research. 
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0. 3.1 Mercury biogeochemistry and human exposure in the Brazilian Amazon 

Some of the highest levels of human mercury exposure in the world have been 

documented in the Tapaj6s River region - in areas far from artisanal gold mining 

operations (Barbieri et al., 2009; Berzas Nevado et al., 2010; Hacon et al., 2008; 

Mergler et al., 2007). Human exposure to the toxic metal originates in deforestation 

that triggers the mobilization of mercury that naturally occurs in the soils of the 

region (Roulet et al., 1998). Slash-and-bum agricultural techniques that are used to 

clear and cultivate land (see Context Section) not only boost the fertility of nutrient 

poor soils, but also displace soil mercury through base-cation enrichment (Farella et 

al. , 2006). With changing ecosystem services, such as soil retention and nutrient 

cycles (Grimaldi et al., 2014), the contaminant is transported towards to the river via 

lixiviation and erosion (Roulet et al., 1999). Once in the aquatic environment, the 

mercury is transformed into a highly toxic methyl form and bioaccumulates and 

biomagnifies in the aquatic food chain (Berzas Nevado et al., 2010; Passos et al., 

2008). 

Frequent consumption of methylmercury-loaded fish by local populations thus 

represents a primary human exposure pathway (Berzas Nevado et al., 2010; Hacon et 

al., 2008; Passos et al., 2007). Once in the body, the heavy metal acts as potent 

neurotoxin, affecting functions bound to the central nervous system such as vision 

and manuai dexterity (Harada et al., 2001; Mergler et al., 2007; Passos et al., 2008). 

While fish consumption does expose populations to methylmercury, fishing activities 

and dietary intake of fish are central to cultural identity, ways of life, and human 

health in the Amazon (Harris, 2009; Nugent, 1993). River-dwellers rely on aquatic 

resources for subsistence living (Cleary, 1993; Nugent, 1993) and, in many cases, as 

a source of cash-income (Almeida et al., 2001). Moreover, regular fish intake 

provides the much needed micronutrients, minerals, fatty acids and proteins for 
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healthy living (Dorea, 2003; Lemire et al., 2006) and may reduce cardiovascular 

disease risk (Mozaffarian et al. , 2006). 

0.3.2 Chagas disease ecoepidemiology in the Brazilian Amazon 

American trypanosomiasis (Chagas Disease/ currently affects up to 5 million people 

in Latin American and about 13 % of the population is at risk of acquiring the disease 

(WHO, 2015). The spreading occurrence of the disease in the Amazon basin is 

particularly attributed to the on-going forest loss that encourages the proliferation of 

certain palm trees of the Atta/ea genus (Abad-Franch et al., 2005; Gaunt et al. , 2000; 

Hecht et al., 1988; Henderson, 1995; Romana et al. , 2003a; Romana et al. , 2003b). 

These palms are considered to be the principal ecotope for the hemipteran insect of 

the Rhodnius genus (Triatominae subfamily), a primary vector of the protozoan 

hemoflagellate parasite, Trypanosoma (Schyzotrypanum) cruzi, that causes disease in 

animals and humans (Chagas, 1909)(Abad-Franch et al., 2005 ; Gaunt et al. , 2000; 

Valente et al. , 1999). Deforestation and land-use transitions facilitate the formation of 

high density stands of palm trees (Anderson et al. , 1991) and alter ecosystem services 

that are key to the ecoepidemiological cycle of the disease, such as mammalian 

biodiversity and vector population dispersal (Quartier, 2012). Following forest 

clearance, adult triatomine can fly from peri-domiciliary palms towards homes 

(Valente et al. , 1999), thereby increasing the risk of human contact with insects 

infected with T cruzi. 

2 The research herein is concerned with vector-based transmission of the T. cruzi parasite, the pathogen 
that causes Chagas disease. Because most humans infected with T. cruzi do not present clinical 
symptoms of the disease, it would be most appropriate to adopt American trypanosomiasis (parasitic 
infection) as the terminology throughout this text, rather than Chagas disease per se. Notwithstanding, 
l chose to use Chagas disease in this thesis because it is a well-known colloquial term and should allow 
this works to reach a broader readership. 
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Although these ecological changes represent an emergent hazard for transmission, 

there are some 40 known utilities for these palms, including construction materials, 

oils, soaps, and charcoal, among others (Anderson et al. , 1991 ; Hecht et al. , 1988). In 

addition to vector-borne transmission, other transmission pathways have been 

documented, such as transfusional , ingestion of contaminated food sources, and 

congenital (Prata, 2001 ; Valente et al. , 1999). T. cruzi infection can cause disability 

and premature death in humans if untreated. This corresponds to potential economic 

loss equivalent to more than US$6.5 billion per year for Latin America (Schofield et 

al. , 1999). 

0.4 Thesis overview 

0.4.1 Objectives 

With in this context, the overarching objective of this thesis is to explore the ways in 

which landscapes and livelihoods can be used as integrative, transversal means for 

improving our understanding socio-ecological change and, eventually, human health. 

Using the case studies of methylmercury exposure and Chagas disease, I examine 

why and how people change the landscape and their livelihoods as well as the 

ecological implications of these changes. The ultimate goal is to identify the ways in 

which the analysis of landscapes and livelihoods can contribute to detecting 

ecosystem transformations related to mercury movement and Atta/ea palm presence 

in the Tapaj6s River region - both of which are key components linking socio-

ecological systems and human health (Figure 0.1 ). 
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Landscapes and livelihoods are employed as unifying and common threads 

throughout this thesis; they are examined through four topics: 

• Temporal biogeochemical dynamics (mercury movement) and regional 
landscape change 

• Ecoepidemiological dynamics (Attal ea palm tree presence) and the regional 
landscape 

• Household and community level factors driving landscape change and 
livelihood decisions 

• Household and community livelihood adaptations in relation to landscape and 
socio-ecological change 

Each of these topics has a corresponding question that contributes to the overall 

research objectives: 

• How does mercury transportation to the aquatic ecosystem relate to landscape 
change? 

• Can the presence of Atta/ea palms, an ecological indicator of Chagas disease, 
be detected in the changing landscape? 

• What are the socio-economic and cultural factors driving landscape change 
and livelihood ·decisions? 

• How are livelihood practices adapting to socio-ecological change? 

To create a dialogue between the landscape, livelihoods and broader socio-ecological 

dynamics related to methylmercury exposure and Chagas disease ecoepidemiology, I 

consider both the ecological components of the system - i.e., mercury movement and 

the presence of Atta/ea palm trees as a function of the landscape - and the social 

components of the system - i.e., factors shaping livelihood options and decisions. It is 

expected that the knowledge generated in this thesis can be integrated and contribute 

to the creation of ecosystem interventions that seek to reduce vulner~bili~ and build 

resilience of the socio-ecological system for health outcomes. 



0.4.2 Structure and outline 

This thesis is article-based. The docwnent is divided in to 5 main chapters, each of 

which is intended to be a stand-alone study that was written according to the 

standards and norms of the target academic journal (noted at the beginning of each 

chapter). Other sections (Introduction, Context, Perspectives and Conclusions) make 

the links between these chapters. 

Given the general and specific objectives, the thesis is structured as follows: 

The remainder of the Introduction provides an overview the approach and tools used 

with in the chapters, including the use of interdisciplinarity and multiple methods. 

The Context section describes the Tapaj6s River context, including the social and 

ecological milieus. The section ends with a description of and justification for the 

communities asked to participate in the study. I also introduce the frontier expansion 

process to describe the gradient of landscapes and livelihoods that exist in the study 

region and participating communities. 

Note that, as the chapters are described below, the landscape concept is referred to in 

different terms ( e.g. , land-use/land-cover, deforestation, vegetative cover). As 

aforementioned, the notion of landscape can be considered through many different 

lenses and can be qualitatively and quantitatively analyzed differently, depending on 

the discipline or approach. As such, the choice in terminology for each chapter was 

made through considerations of the target journal to which the article will be/is 

published. 
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Chapter 1 is exploratory in nature, examining how landscape change and ecological 

factors contribute to the accumulation of mercury over time in the sediments of eight 

lakes in the Tapaj6s River region. With in this chapter, forest cover loss is taken as a 

simplified proxy of landscape change (termed as an "anthropogenic" factor to respect 

the disciplinary expectations of the target journal). The effects of "natural" factors are 

also considered, such a climate and hydrological regimes that have rarely been 

considered in mercury sedimentation studies. 

Chapter 2 is methodological in focus, proposing and validating a spatially explicit 

model for mapping Atta/ea palm trees in the landscape using SPOT satellite imagery. 

This contributes to broader need for such a model to predict and monitor Chagas 

disease risks. 

Chapter 3 explores some of the overlooked household factors that relate to 

livelihoods and drive land-use decisions on rural farms. While a number of socio-

economic variables are considered, many of which have already been established in 

the literature, the novel contribution of this article rests in the exploration of the 

influence of difficult to quantify factors such as perceptions and values. 

Chapters 4 and 5 respond to the fourth objective, which was divided into two 

chapters because the sheer volume of data and variables considered would have 

rendered a single chapter convoluted and far too dense. The two chapters are in 

essence a pair, with the first one describing the large set of variables related to 

household livelihoods, while the second analyzes the relationship between these 

variables and household adaptations to landscape and socio-ecological change. 

The section on Perspectives (Chapter 6) weaves together the five chapters. A venues 

for integrating and synthesizing these broad and interdisciplinary subjects into a 
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cohesive whole are illustrated, drawing on knowledge of livelihoods and landscape 

patterns as indicators of socio-ecological dynamics. 

The Conclusion returns to the socio-ecological perspective used to frame and guide 

the research herein. The knowledge accrued on Chagas disease epidemiology, 

mercury biogeochemistry, and socio-ecological dynamics are situated in the broader 

context of ecosystems management and public health interventions. 

Annex A is a lexicon with some precisions on the terms used in this thesis. It is 

deemed a necessity for this interdisciplinary work, so as to provide some clarification 

on terms that may have different or ambiguous definitions across disciplines. 

Annex B provides the details of vegetation types observed in the region, which are 

used to guide the model developed in Chapter 2. 

Annex C provides details on the development of indicators and variables used in the 

analysis in Chapters 4 and 5. 

In Annex D, the socio-economic questionnaires that were applied to collect the data 

used. in Chapters 4 and 5 are provided. The guide used to develop open-ended 

interviews for data used in Chapter 3 is also included. 

Above and beyond the specific academic objectives already outlined above, an 

additional goal of this research was to promote community-researcher collaboration 

and knowledge to action (c.f. , Charron, 2011). Annex E provides a brief overview of 

the knowledge sharing and results dissemination activities carried out by myself and 
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others members of the PLUPH project. Landscapes and livelihoods were used to 

guide the activities, including the production of a comic book, community transect 

walks and theater experiences. 

0.5 The PLUPH project and collaborators 

This thesis was carried out as part of the PLUPH (Poor Land-Use, Poor Health) 

project (http://www.pluph.uqam.ca), a large research endeavor carried out between 

2008 and 2013 in the Tapaj6s River region, funded by the Teasdale-Corti programme 

of the Global Health Research Initiative. The cases of Chagas disease and mercury 

exposure had already been predetermined by this larger research endeavour. My 

unique contribution to the PLUPH project was the introduction of livelihoods and 

landscapes as indicators of socio-ecological change. 

Numerous studies were carried out in the context of the PLUPH project, on various 

topics spanning the health, social and natural sciences. The intervention component 

involved the implementation of community-based agroforestry systems with the 

participation of farming and fishing communities, the objective being to promote 

sustainable rural livelihood practices while maintaining a healthy envir~nment and 

population. The project draws on principles of transdisciplinarity, gender and social 

equity, stakeholder participation, and action-oriented research (Charron, 2011). It 

involved over 50 collaborators, including masters and doctoral students, post-doctoral 

fellows, and senior researchers from Brazil, Canada, France and Switzerland. 

Partnerships with stakeholders outside academia were also central to the project, 

including actors from Brazilian public ministries in the health, environment and 

development sectors, non-governmental organizations, and local community leaders 

(PLUPH, 2013). 
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The PLUPH project is the successor of previous research endeavours: the CARUSO, 

ROVERTA II, and EDCTA projects. The CARUSO project 

(www.unites.uqam.ca/gmf/caruso/ caruso.htm) accrued over 15 years of experience 

on environment and mercury toxicology in the Tapaj6s River region. The ROVERTA 

II and EDCTA projects dealt with Tcruzi pathogen dynamics in rural and urban areas 

of Latin America, undertaking integrated epidemiological risk modelling (EDCTA, 

2004; ROVERTA-11, 2004). 

For my specific contribution to the PLUPH project, I spearheaded all parts of my 

doctoral research , including selecting the frameworks and approaches, data 

collection, analysis, and writing activities. While all the research herein is original, it 

must be noted that numerous researchers have collaborated in meaningful ways, 

including sharing of primary data and undertaking some analyses. All collaborators 

are named and their affiliations are indicated in the contributions, located in the first 

few pages of the document. They are also given co-authorship in the appropriate 

chapters. 

With in the PLUPH project, it is important to clarify that I worked with several other 

graduate students, sharing data, samples, and concepts. Christine Rozon developed 

the land-use/land-change dataset that is used in all chapters of this thesis (Rozon, 

2011; Rozon et al. , 2015). I followed her in the analyses and am co-author on a 

published article. 

The sediment data, analyzed in Chapter 1, was collected in collaboration with Emilie 

Belanger, who used the same sediment cores in her masters thesis on mercury and 

organic matter relationships (Belanger, 2012). 
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Chapter 2 builds on work conducted by Marion Quartier, who initially proposed 

imagery classification for mapping Atta/ea palm trees in the region (Quartier, 2012). 

In this chapter, I refine the technique and perform a validation with field data. The 

validation data were collected by myself and was merged with primary field 

observations collected by other PLUPH members: Christine Rozon (aforementioned) 

and Benjamin Gregroire - who worked on soil characteristics and Atta/ea presence 

(Gregoire, 2010). 

Chapter 3 uses a combination of open-ended interview data that I collected myself as 

well as household survey data collected by Nicolina Farella, who completed her 

doctoral thesis with the CARUSO project (Farella, 2005). As was done with the 

Atta/ea mapping, Chapter 3 expands on and examines unanswered questions 

highlighted in Farella's thesis, which studied land-use decisions of farming families 

in the region. 

Finally, the data used in Chapters 4 and 5 was collected in a collaborative manner 

with three other doctoral students (the details of which are outlined in the methods 

sections of these chapters). Annie Beliveau, Leandra Fatorelli and Stephane Tremblay 

assisted in household surveying and community mapping procedures. As such, some 

of the primary data used in their theses is also used in this work. In addition, Leandra 

Fatorelli provided the data and underwent analysis of social networks in Chapters 4 

and 5, an analysis technique that she also used in her doctoral research on perceptions 

of environmental change (Fatorelli, 2013). 

Further, members of the Executive Committee of the PLUPH project (Christina 

Romana, Frederic Mertens, Carlos Passos and Robert Davidson) are co-authors of all 

chapters to be submitted as publications in referred journals. The Executive 

Committee assisted in various stages of the research process, such as revision of 
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texts, assistance with sampling procedures and fieldwork (including logistics, ethical 

authorizations), conceptual framework, funding, etc. 

0.6 Tools and approach 

0. 6.1 Drawing on multiple disciplines 

In the domain of academic inquiry on socio-ecological problems, it is a necessity to 

use a broad spectrum of epistemologies, conceptual orientations, methods, and tools 

that must often be modified en route as our understanding of the problem changes 

(Hirsch Radom et al., 2006; Wickson et al. , 2006). While cross-fertilizations of 

disciplines can open new horizons for problem-driven research, the degree to which 

different disciplinary knowledge is integrated into research design to improve 

explanatory capacities varies substantially. Given the problem-driven quality of 

socio-ecological research, the line between disciplines is increasingly difficult to 

delineate. 

There are manifold approaches and disciplines consulted and drawn upon with each 

of the chapters in this thesis, such that the individual chapters seek to be both multi-

and inter-disciplinary (See definitions in Annex A). The thesis as a whole, however, 

drew upon approaches that are trans-disciplinary (Annex A). In particular, the 

Ecohealth approaches and Resilience-thinking were sourced as inspiration and 

provided guidance on socio-ecological thinking, complex systems, and gender and 

equity considerations (the latter is largely developed in Chapter 4), (Berbes-Blazquez 

et al. , 2014; Charron, 2011 ; Folke, 2006; Waltner-Toews et al. , 2008). Further, the 

concept of complex socio-ecological systems in itself represents a transdisciplinary 

framework, as it demands new ways of thinking about how humans relate to their 
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environment and transcends linear and disciplinary thinking (Becker, 2003). As for 

stakeholder participation and action-oriented research (aspects of trans-disciplinarity, 

Annex A), the greater PLUPH project worked at this level. While these aspects do not 

directly relate the research presented in this thesis, I was nonetheless involved in 

multiple such activities throughout my PhD. I participated in stakeholder 

consultations and knowledge-transfer activities as part of the intervention aspect of 

the PLUPH project (agroforestry systems). I also spearheaded the creation and 

dissemination of a comic in Portuguese that summarizes the PLUPH project. It was 

shared with participating communities and with regional decision-makers and leaders 

in the study region in 2015 (Annex E). 

Specifically, the disciplines drawn upon in this thesis are: 

• Chapter 1: geochemistry, physical geography, and hydro-climatology 

• Chapter 2: geospatial science and ecology 

• Chapter 3: human and political ecology 

• Chapter 4 and 5: human and political ecology, communication, and human 
geography 

0. 6.2 Applying multiple methods 

To address the objectives outlined above, both qualitative and quantitative data types 

and methods are used - each of which affords distinct yet complementary types of 

information (Creswell et al., 2003; Ivankova et al. , 2006). 

Multiple data collection tools were used, including: 

• Sediment sampling (Chapter 1) 

• Forest and vegetation surveying (Chapter 2) 
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• Individual and household surveys (structured, open and closed-ended 
questions) (Chapters 3 -5) 

• Individual semi-structured, open-ended interviews (Chapters 3 -5) 

• Community mapping (Chapter 4 and 5) 

Secondary data were also compiled, including: 

• Hydro-climatological data (Chapter 1) 

• Soil maps (Chapter 1) 

• Topographic maps (Chapter 1) 

• SPOT satellite imagery (Chapter 2) 

• Vegetation surveys (Chapter 2) 

• Land-use/land-cover change maps (Chapters 1 - 5) 

To integrate, interpret, describe, and evaluate the data, multiple analytical tools were 

used, including: 

• Sedimentological and geochronological analysis (Chapter 1) 

• Logistic regressions (Chapter 2) 

• Thematic analysis (Chapter 3) 

• Social network analysis (Chapters 4 and 5) 

• Spatial analysis using GIS platforms (Chapters 1, 2, 4 and 5) 

• Correspondence analyses (Chapters 2 - 5) 

All of Chapter 2 is based on quantitative data types and methods, including logistic 

regressions, to create the model. The benefit of such methods is that the results are 

generalizable and can be extrapolated to regions that were not sampled. 

Chapters 4 and 5 use both qualitative and quantitative data, collected through 

household interviews - although much of the qualitative data were coerced into 
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numerical format for indicator development and correspondence analyses. 

Correspondence analyses, however, is a "soft" quantitative method, in that assigning 

meaning to the results requires interpretations that are carried out using secondary 

information or qualitative data collected through interviews and non-participant 

observations (as done in these chapters). 

Chapter 3 uses a similar approach, in that a correspondence analysis is used; however, 

this is the only chapter in that goes beyond using qualitative data descriptively and 

instead involv~s a qualitative analysis - that is, a thematic analysis of open-ended 

interview data. 

While the analyses undertaken in Chapters 3 to 5 are linked, different primary data 

sources were used and sample sizes vary - a result of chapter-specific research 

objectives and the analytical considerations and constraints associated to the selected 

methods. For Chapter 3, qualitative data collected in 2003 by convenience sampling 

procedures was combined with open-ended interview data collected in 2012. The 

thematic analysis of qualitative data in this chapter provides insight into dynamics 

underlying the quantitative trends (Creswell et al., 2003), serves to supplement the 

relatively small sample size of quantitative data (n = 38), and provides a means of 

dealing with the time discrepancy between data collection periods. The quantitative 

analyses undertaken in Chapters 4 and 5 both use data collected in 2011 and 2012 

(complete population sampling procedure), although sample sizes vary between these 

chapters (n = 122 and n = 128 respectively) as a result of data cleaning and outlier 

removal. Using correspondence-based analyses, I show that there is agreement among 

the trends and relationships observed in these chapters; that is, the data are all telling 

different parts of the same story. This, in tum, facilitates integration and synthesis 

among the chapters and reinforces the conclusions drawn. 
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Whenever possible, open-source software programs were used for data management 

and analysis. These programs are freely available to anyone with internet access and a 

computer. They can be modified to the user's needs with out copyright infringement. 

Such software is a move away from corporate control of academic production and 

towards more accessible research tools. 

The open-source software used herein includes: 

• Open Office 4.0 (Apache, 2015) and MySQL 5.7 (Oracle, 2012) to construct 
and manage the database 

• GRASS 6.4 (GRASS Development Team, 2012) and QGIS 2.6 (QGIS 
Development Team, 2012) for the treatment and interpretation of spatial data 

• R 3 .1 (R Core Team, 2012) for the statistical analysis of qualitative data 

• TAMS analyser GLP v2 (Weinstein, 2006) for quantitative data analysis 
( thematic analysis) 

Other (paying) programs were used when necessary. These include AcrGIS 10 by 

Esri for creating figures and maps, UCINET for social network analysis (Borgatti et 

al. , 2002), and ENVI 5 for the analysis and treatment of satellite imagery (Exelis 

Visual Information Solutions, 2015). 

The thesis structure is outlined in Figure 0.2. This visual aide summarizes the 

information above, including the topics covered, as well as the variety of tools and 

disciplines used to address the overall objectives. 



Figure 0.2 

Disciplines: human and 
political ecology, 
communication , human 
geogmphy 
Tools: surveys. 
questionnaires, and 
interviews, community 
mapping 
Methods: Quantitative 
Collaborations: A. 
Beliveau. S . Tremblay, L. 
Fatorelli (PLUPH). 

Disciplines: human and political 
ecology, communication, human 
geography 
Tools: surveys. questionnaires, and 
interviews, community mapping 
Methods: Quantitative and 
qua.litativc 
Data collaborations: A. Beliveau, S. 
Tremblay, L. Fatorelli (PLUPH). 

Chapter4 
socio-economic 

and cullural fac tors 

V 

Disciplines: geochemistry, physical 
geography, hydro-climatology 
Tools: sedimentological and 
geochronological analysis , spatial analysis 

I I Methods: Quantitative 
Colloboratlons: C. Rozon (PLUPH), E. 
Belanger (PLUPH) 

Chapter 3 
socio-economic 

and cullural factors 

Disciplines: geospatial 
science, ecology 
Tools: Forest and 
vegellllion surveying. 
spatial analysis 
Methods: Quantitative 
Doto collaboralions: 
M . Quartier (PLUPH) 

Disciplines: human and political 
ecology 
Tools: surveys, questionnaires, 
and interviews 
Methods: Quantitative and 
qualitative 
Data collaborations: N. Farella 
(CARUSO) 

Synthesis of knowledge generated on livelihoods and landscape as emergent signatures 
of the socio-ecological system to improve understanding of human health (Chapter 6) 

The thesis structure, including the topics addressed in each chapter, and the disciplines, tools and 
methods types that are drawn upon for each. 
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CONTEXT 

THE TAPAJOS RIVER REGION AND PARTICIPATING COMMUNITIES 

The Tapaj6s River region (Figure 0.3), in the Brazilian state of Para, is a complex and 

diverse place, rich in cultural and ecological diversity. Yet, the region has some of the 

highest levels of inequality in Brazil, with many rural households living below the 

poverty line (Ferreira et al., 2008; Guedes et al. , 2012; Guedes et al. , 2014; Rodrigues 

et al., 2009). 

Ecosystem service degradation due to logging, agriculture, ranching, mining, and 

urbanization over the last decades has been extensive, threatening the well-being of 

local people (Davidson et al. , 2012; Malingreau et al. , 2012a; Nepstad et al. , 2009; 

Rodrigues et al. , 2009). In fact, about half of the area in the state of Para has been 

deforested since 1970 - which accounts for a majority of deforestation in the entire 

Amazonian region (Malingreau et al. , 2012a; Margulis, 2007). Development of the 

highly contested tropical forest continues under the watchful eye of international 

spectators. On the one hand, environmentalist discourses are pushing for stricter 
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regulations and tighter enforcement to conserve the rainforest. On the other hand, 

develpomentalist discourses beckon the government to boost performance of their 

resource-export economy (Becker, 2004). 

While annual deforestation rates are declining in certain areas of the Brazilian 

Amazon (Laurance et al., 2001a; Malingreau et al., 2012b), forest loss is projected to 

increase in the Tapaj6s region - particularly with the advent of industrialized soy 

production, the asphalting of the BR-163 highway, and the imminent construction of 

the Sao Luiz do Tapaj6s hydroelectric dam (Fearnside, 2005; Feamside, 2001; Kirby 

et al. , 2006). At the time of this study, land-users in the region were being offered 

incentives to practice cash cropping and ranching, while at the same being threatened 

with sanctions for deforestation and forest degradation. With opposing narratives 

surrounding development of the tropical region, the sometimes-contradictory public 

policies are as confusing for global onlookers as they are for the people who live in 

the region of influence. 

It is within this broader context that this research was carried out. This section gives a 

brief overview of the Tapaj6s River region. The unique local ecology, flora and 

fauna, hydro-climate regimes are first highlighted. Following this, the colonization 

history and the political economy of the region are outlined. Finally, landscape 

change and livelihood practices in the region are summarized, building on the frontier 

expansion process - a theorized trajectory of change. 
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Figure 0.3 The Tapaj6s River region and the study are. The region's major 
cities and towns are identified by black circles. Fordlandia (not shown) is located 

near the town of A veiro. 

0.8 The ecosystem: tropical forests and floodplains 

The climate in the Tapaj6s River region is hot and humid, with mean temperatures of 

27°C and the annual average precipitation is around 2200 mm - most of which falls in 

the rainy season (ZEE, 2005). As such, the region's water bodies are lined by 

floodplains with unique vegetation composed of igap6s (flooded forests) and a large 

diversity of macrophytes (aquatic plants, floating reed beds) (EMPRAPA, 2007; Junk 

et al., 2011). Upland (terrafirme) vegetation is typically dominated by sub-montane 

open forest (jloresta ombr6fila aberta submontana) (EMPRAPA, 2007), although 
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hwnan activities over the last 50 years have converted these forests to grasslands for 

livestock grazing and crops for agriculture (Fearnside, 2006; Rozon et al. , 2015). 

The river itself is characterized by its low turbidity and distinct water chemistry 

relative to the other rivers of the Amazon Basin (Furch, 1984; Sioli, 1984 ), with 

suspended particulate matter being coarser and less fertile than the sediments of the 

Amazon River (Junk, 1997; Junk et al. , 2011). The river basin is vast, with the 

headwaters originating in the southern state of Mato Grosso, some 1576 km from the 

outlet near Santarem (Figure 0.3). 

The soils in the region are predominantly Oxisols and Ultisols, according to the 

USDA system, also known as Latossolos Amarelos and Argissolos Velmelho-

Amarelos in the Brazilian soil classification system (EMPRAPA, 2007). The soils 

originate from the Alter-do-chao formation, developed on Cretaceous sediments of 

lacustrine of inland-sea origin (Roulet et al. , 1998b ). They are highly weathered soils, 

typical of equatorial regions, and are generally nutrient-poor and acidic. Elevations in 

the region range from sea-level up to 200 m, with a topography marked by undulating 

hills and valleys, and some plateau regions (USGS, 2004; Valeriano, 2004). 

0.9 The social context: colonization history and immigration 

In the Tapaj6s River region, indigenous peoples have been living in flourishing 

communities with complex social structures long before the Europeans colonized the 

Americas (Cleary, 2001). While these people practiced highly skilled management of 

local forest ecology for millennia, much of the Amazon region remained uninhabited 

and preserved in tropical forest cover until the 1960 and 70s. 



35 

With a wealth of unexploited natural resources, the Brazilian government began the 

state-organized colonization of the Amazon in the 1960s, taking action to solidify 

their territorial claims and integrate the region into the national economy (Schmink et 

al. , 1992). Newly implemented development programs set in motion radical changes 

that would mark the region' s history forever, including population increases, booms 

and busts of resource extraction, transitions from trade-based to capitalist integrated 

markets, and large-scale forest loss (Baletti, 2012; Cleary, 1993; Feamside, 2006). 

Fiscal incentives were offered to landless people from the northeast and the south of 

Brazil to migrate and claim land (Carvalho et al., 2002; Moran, 1981 ; Schmink et al., 

1992), while other families were drawn to the economic prospects of booming mining 

operations near the city of ltaituba (Figure 0.3) (Bezerra et al. , 1996; Cleary, 2001 ; 

Mathis, 1995). Highways constructed as part of the colonization - the Transamazon 

(BR-320) and Santarem-Cuiaba (BR-163) highways (Figure 0.3) - cut through the 

tropical forest and soon became the main arteries for the mass movement of people, 

ideas, machinery, produce and raw natural resources (Kirby et al. , 2006). 

Households that migrated as part of the colonization, referred to herein as highway-

era families , generally practiced cultivation of non-native crops such as com, rice, 

beans, or black pepper, and in some cases livestock raising (IDESP, 1977; SUDAM, 

1976). These strategies were promoted by the state, who encouraged livelihood 

trajectories towards intensification, accumulation, and cash crop production for sale 

on (inter)national markets (Caviglia et al. , 2001; Pichon, 1997a). These strategies, 

however, are not well-adapted to the highly weathered soils and the extreme climate 

conditions of the Amazon, and have thus been a direct driver of extensive forest loss 

and fragmentation (Pichon, 1997a; Walker et al. , 2000). Furthermore, the 
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colonization has not only been detrimental for the ecosystem, but has also done little 

to improve quality of life and well-being of migrant households (Rodrigues et al. , 

2009). 

Prior to the highway-era of colonization, the rubber extraction industry was a major 

economic force in the Amazon, reshaping the region' s trade networks and social 

structures, as day labourers (rubber-tappers), traders and land barons who migrated to 

the Amazon from elsewhere in Brazil to take advantage of the rubber-boom. After 

World War 11, however, the market collapsed quickly, leaving workers and their 

families with no choice but to abandon rubber tapping and tum to the land for 

subsistence. 

Families who took up homesteads in the Amazon region during this era of economic 

influence are referred to as rubber-era families herein. Although rubber extraction 

began in the 1800s in other areas of the Amazon, in the Tapaj6s region the economy 

peaked with the founding of Henry Ford's Fordlandia estate in the 1920s (Figure 0.3) 

(Grandin, 2009; Russell, 1942); although it was promptly abandoned a few years 

later. Given this, many families in the Tapaj6s region at this time were not actual 

rubber tappers, and among those who were, it was short lived. 

The term rubber-era is adopted to acknowledge the unique historical context in which 

these families came to be in the Amazon. Contrary to the highway-era colonization, 

formal markets were inexistent, the area was highly remote, social support was 

absent, and state presence was limited. As such, these families tended to move to 

river-side communities and take up livelihood strategies that were traditionally 

practiced by indigenous groups (Bunker, 1984; Galvao, 1979; Thrupp et al. , 1997). 

These strategies include forest and orchard extraction, fishing, hunting, and swidden 
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agriculture of the native cassava plant - strategies that are thought to be diverse and 

yield low overall levels of deforestation (Allegretti, 1994; Hall, 1997). 

0.10 Landscape change, livelihoods and the frontier 

Although it has been over 50 years since the onset of highway-era colonization, some 

regions of the Amazon are· still remote and underdeveloped, while other regions have 

advanced infrastructure, social services and institutional presence. Agrarian and 

economic development unfolds in different localities at different rates; as the socio-

ecological context shifts, so do livelihood options and landscapes (Browder et al., 

1997; Browder et al., 2008; Cleary, 1993). 

Changes in livelihoods and landscapes in the Amazon can be summed up by the 

frontier expansion process (Brondizio et al. , 2012; Carvalho et al. , 2002; Defries et 

al. , 2004; Mustard et al. , 2004; Pacheco, 2012; Sawyer, 1984; Schmink et al., 1992) 

(Figure 0.4). This theoretical trajectory of change outlines the dominant pathway for 

landscape and livelihood transformations, both of which are at the core of this thesis. 

These· changes are driven by the decisions of individual actors at the frontier, such as 

small-scale farmers, but also a multitude of external political and economic 

influences. The demographics, land tenure security, access rights, wealth and 

endowments of a small-scale farmer will unquestionably shape land-use decisions 

and livelihood options, but this cannot be separated from the broader social context. 

Public policy, infrastructural developments, land speculation, availability of new 

production technologies, and international trade agreements, are among many 

external drivers of change (Almeida et al. , 1995; Browder et al. , 2004; Cavigila-

Harris, 2004; Caviglia-Harris et al. , 2005; Fearnside, 1993; Perz et al. , 2003; Perz et 
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al. , 2006; Perz et al., 2002; Pichon, 1997a; Pichon, 1997b; Walker et al., 2000; 

Walker et al. , 2002). While this • thesis focuses on actor-level factors that are of 

relevance to landscape change and livelihoods, external drivers of change are 

considered in the interpretation and discussion of my findings. 

Primary 
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Pre-settlemen 

Frontier stage 
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large patches of 
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Figure 0.4 Landscape, land-use/land-cover and livelihood changes at the 
frontier. Note that this is a trajectory showing general tendancies that are 
predicted by the froniter expansion process. Some geographic regions may 

remain in one stage of the frontier for a period of time before transitioning to 
another, and differet sets of actors may come and go during the process 

(Fearnside et al, 2008). Adapted from DeFries et al. (2004); Jaeger (2000) 
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This research was carried out in rural areas that are in the subsistence or 

extensification frontier stages (Figure 0.4) and are primarily occupied by small and 

medium-scale farmers . These actors represent a large majority of the rural population 

in the Amazon and account for a majority of the landscape transitions over the last 

decades (Feamside, 2008; Pacheco, 2012). Cumulatively and collectively, their 

livelihood choices engender distinct spatial and temporal patterns in the landscape 

(Figure 0.4). 

Typically, at the initial frontier stages old-growth forest is progressively be converted 

to subsistence or cash crops (Figures 0.4 & 0.5). Subsistence-level extractivism may 

also be practiced. Farmers use swidden agricultural systems (Thrupp et al. , 1997), 

whereby the forest is slashed by hand and burned, converting the biomass to ash and 

fertilizing the weathered, nutrient-poor soils. The area is cultivated in a sequence of 

annual crops; but without chemical inputs, soil nutrients are rapidly depleted and crop 

yields decrease drastically within 2 - 3 years (Kleinman et al., 1995). The land must 

be then be left in fallow before cultivating again (Thrupp et al. , 1997). Such 

secondary forest regrowth can regenerate soil fertility (Patry et al. , 2013) and restore 

ecosystem services (Feamside, 1990), although doing takes up to 30 or more years 

(Kleinman et al. , 1995; McGrath et al. , 2001). Most farmers , however, leave areas in 

fallow for 3 to 5 years (Patry et al. , 2013) before the secondary forest growth is cut, 

set aflame and the cycle begins again (Figure 0.5). Overtime, the landscape becomes 

increasingly fragmented and heterogeneous - a mosaic of land-use/land-cover patches 

of subsistence and cash crops, fallow land, secondary forest regrowth, and forest 

remnants, each varying in size and shape (Mertens et al. , 1997) (Figure 0.4). In this 

stage of the frontier, the landscape is highly dynamic and complex. 
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Figure 0.5 Process of land-use change on small-scale farms. The crop-
fallow cycle is indicated by the grey box and the large arrows, and it is 

sometimes referred to as swidden agriculture, shifting agriculture, or slash-and-
burn agriculture in this thesis. 

Farmers may remain in the crop-fallow cycle for some time (Figure 0.5), while others 

may eventually expand their land-uses or transition annual cropland to more lucrative 

and less labour-intensive activities, such as perennial cash cropping or ranching 

(Browder et al. , 1997; Schneider, 1995). As intensification occurs, production 

becomes mechanized and dependent on agrarian inputs (e.g. , fertilizers , pesticides). 

In turn, the landscape becomes more stable and homogenous, as it remains in more 

permanent land-uses (Figures 0.4 & 0.5). 

Eventually, frontiers are projected to shift to a corporatist or consolidated state, as 

small and medium-scale farms are consolidated by capitalized, large-scale producers 
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such as agro-business fanners and ranchers (Figure 0.4) (Browder et al., 1997; 

Browder et al. , 2008; Schneider, 1995). Pushed from the land, usually by illegal and 

violent means (Margulis, 2004), small-scale fanners must migrate to urban centers or 

to unexploited, primary forested sites elsewhere and the frontier process begins again 

(Simmons et al. , 2007b ). Advanced stages of the frontier are evident near the city of 

Santarem (Figure 0.3), and further to the South (along the BR-163, towards Mato 

Grosso state, not shown in Figure 0.3) (Morton et al. , 2006; Simmons, 2005). 

Although in the area where this study is carried out, the frontier has not yet advanced 

to this stage. 

0.11 Study area selection and participating communities 

Based on the objectives of the thesis and the diverse socio-ecological context of the 

Tapaj6s region, it is important to highlight the criteria for the study site selection. For 

the first two chapters, where region-level analyses were undertaken, the study was 

limited to the area between A veiro and ltaituba (Figure 0.3) - boundaries defined by 

the PLUPH project. The area was chosen because it is relatively uniform in terms of 

frontier stages (Figure 0.4), unlike areas further to the North and further to the South, 

which are in more advanced stages. In the case of Chapter 2, the study region was 

further bound by the extent of the satellite imagery used, so as to ease the analytical 

burden. Nonetheless, the imagery covers most of the target region. In Chapter 1, the 

area was bound by the watersheds of interest. These were chosen according to 

sampling needs, as justified in the corresponding text. 

For Chapters 3, 4 and 5 (where local-level, community analyses were undertaken) it 

was of interest to include study sites that capture the regional heterogeneity of the 
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socio-ecological system. In light of the context described above, the following criteria 

was used to guide the selection process for the study location: 

• Ecosystem type and geomorphological variation (riparian versus upland 
regions, which include topographical edaphic differences) 

• Community origin (rubber-era versus highway-era) 

• Access to markets and involvement in market economy ( distance from 
transportation infrastructure) 

• Time of settlement (rubber-era versus highway-era) 

• Main livelihood strategies (swidden agriculture, fishing, cattle ranching, 
extractivism). 

• Landscape type (heterogeneous and dynamic land-use/land-cover types 
(shifting agriculture, secondary forest) versus homogenous and permanent 
land-use/land-cover types (pasture) and highly deforested) 

Based on these criteria and in light of collective research goals, the PLUPH project 

asked three communities that are perpendicular to but varying distances from the 

Tapaj6s River to participate in the study. They are in the subsistence/small-scale and 

extensification/ intensification (Figure 0.4) stages of the frontier, and so represent a 

spatio-temporal gradient of landscape change and livelihood types at the frontier. 

Siio Tome is an older, mostly autarkic riparian community of rubber-era Amazonian 

farmers who partake in foraging, hunting, and fishing. This community is between 

the forest clearing and subsistence/small-scale stages of the frontier (Figure 0.4). 

While this is the oldest among the three communities, founded in the early 1940s, it is 

the most forested of the three, and is composed of highly fragmented and 

heterogeneous patches of different land-use/land-covers (Table 0.1). 

The second, Araipa, is another riparian community of mixed rubber and highway-era 

populations and is linked to the Transamaz_onian Highway (BR-163). Araipa (Table 
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0.1) was first settled in 1989 and is between the subsistence/small-scale agricultural 

and the extensification/intensification stages (Figure 0.4). While this community has 

more area in agriculture and pasture relative to Sao Tome (Table 0.1), it remains 

relatively fragmented (e.g., high number of patches) - albeit fragments tend to be 

larger in size. 

Finally, Nova Estrela, a relatively new in-land, market-integrated community of 

highway-era agriculturalists and ranchers, is the newest of the three communities. 

Founded in 2001, the community was, at the time of data collection in 2009 and 

2012, nearing the end of the extensification/intensification stage, with the landscape 

being composed of mostly large patches of pasture land. 

While these three communities participated in the larger PLUPH project, a fourth 

community was added specifically to complement my PhD research objectives and a 

those of a few other members of the PLUPH team with whom I collaborated. The 

fourth community, Vicinal da Batata (Table 1) is also a relatively new in-land, 

market-integrated community of highway-era ranchers. Founded in 1998, this 

community is peaking at the extensification/intensification stage, with the landscape 

being composed of mostly large patches of pasture land. 

It should be noted that Chapter 3 holds an exception, in that only Sao Tome and 

Araipa were included in the study, in addition to a third riparian community that was 

part of the CARUSO project ( details and justification are further found in that 

chapter). This discrepancy is because some of the data used in Chapter 3 was 

collected by one of my collaborators, Dr. Farella, who completed her doctoral thesis 

with the CARUSO project. This chapter was initiated before I undertook data 

collection for my thesis (interviews and questionnaires); as such, it served as a much-



44 

needed primer for further livelihood and household surveying necessary for Chapters 

4 and 5. The third community is a riparian community, similar in socio-ecological 

structure to Sao Tome, as detailed in the chapter. As such, we consider it to conform 

to the criteria and objectives outlined for this research . 

It should also be noted that while data collection was completed in 2012, returning to 

the c9mmunities in 2015 for follow up indicated that the frontier process (Figure 0.4) 

is unfolding in a different trajectory than predicted in Nova Estrela. In 2015, the 

community had been largely abandoned by the residents, most of which had moved to 

urban areas in search of economic opportunities, higher living standards and access to 

schools and health care - part of the so-called rural exodus of the Amazon (Parry et 

al. , 2010). Indeed, the frontier trajectory suggests that as small-scale farmers abandon 

land, capitalized farmers occupy the land and take up mechanized agriculture (Figure 

0.4), however, in isolated areas such as Nova Estrela, land has low speculated value 

for production because of limited access to markets and the undulating topography. 

Accordingly, land abandonment is leading to forest re-growth, which sometimes 

occurs in tropical region as eloquently described by Rudel et al. (2005). However, the 

abandoned land in secondary regrowth could quickly transition to the mechanized 

agriculture and large-scale ranching frontier stage (Figure 0.4 ). Indeed, if the BR-163 

is paved and increases market access, land speculation will boom in the area and 

family farms will rapidly be consolidated into large-scale areas of production 

(Campbell, 2012). 
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Table 0.1 Communities participating in this study. Descriptions are compiled from community level observations, informal 
community discussions, and from political and physical maps that are publically available (MMA/IBGE, 2012). 

Community Siio Tome Araipa Nova Estrela Vicinal da Batala 

Waterside: along the Tapaj6s Waterside: along the Tapaj6s Roadside: along the BR-230 Roadside: along the BR-163 

River. In 2006 a road was build River. In 2003 a road was build (secondary road) . Small (secondary road) . Medium 

Location and to connect the community to the to connect the community to the seasonal streams and small sized, in-land river, small 
seasonal streams, large infrastructure (Figure 0.3) BR-230. Current conditions BR-230. Current conditions constructed pools/weirs are constructed pools/weirs are make road transportation make road transportation present for fishing, but are not present fo r fishing, but are not limited. limited. viable for transportation. viable for transportation. 

Population (PLUPH 123 people, 26 households 207 people, 37 households 156 people, 27 households 173 people, 44 households Census 2011) 

Participation in formal Low: mostly autarkic, some Medium-low: semi-autarkic, Medium: market participation High : market participation market economy market participation market participation 

Long: established over 80 years Medium: established over 60 Short: establi shed 30 years ago, Short: established 30 years ago, 
Settlement history ago, indigenous populations years ago fo llowing the government-led following the government-led 

living there before colonization program colonization program 

Community origin Mostly rubber-era families Mixed rubber-era and highway- Mostly highway-era families Mostly highway-era families era families 

Small-scale farming and fishing . Small-scale farming, ranching. Medium-scale ranching and Mix of medium-scale farming Some hunting and gathering. Livelihood activities Minimal, small-scale ranching Minimal fishing, hunting and small-scale farming. Wage and ranching. Wage labor and 

activities gathering activities. labor. employment. 

Highly fragmented landscape of Fragmented landscape of old Small to large patches of Large patches of pasture land 
Landscape description mostly old growth forest and growth forest and secondary agriculture and pastureland. and some agriculture. Minimal 

(2009) secondary forest; small patches forest; small to large patches of Minimal old growth and old growth and secondary forest 
of agriculture and pastureland agricul ture and pastureland secondary forest growth. growth. 
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CHAPTER I 

NATURAL AND ANTHROPOGENIC FACTORS INFLUENCING MERCURY 
DYNAMICS OVER THE LAST CENTURY IN FLOODPLAIN LAKES OF THE 

T APAJOS RIVER, BRAZILIAN AMAZON 

Jordan Sky Oestreicher, Marc Lucotte, Matthieu Moingt, Christine Rozon, Emilie 
Belanger, Robert Davidson, Frederic Mertens, Carlos Jose Sousa Passos, Christina 

Romana 

Abstract: This study undertakes an analysis of mercury (Hg) contamination records 
over the last l 00 years in the Tapaj6s River region and considers the influence of 
natural and anthropogenic factors. Sediment cores were sampled from eight 
floodplain lakes. The total Hg concentrations and other geochemical variables were 
measured in all cores, while four cores were selected for geochronological dating 
using 210-lead isotopes. The sediment profiles were analyzed with historical land-
cover changes, regional hydroclimatic conditions, and lake morphological 
characteristics. We find that Hg concentrations and sediment accumulation rates have 
significantly increased at the surface of most cores. This corresponds to human-
driven land-cover changes over the last 50 years that enhance soil erosion in drainage 
basins; these changes are mostly in the form of forest conversion to pastureland on 
steep slopes. Further, we find that natural factors are also driving changes in Hg and 
sediment deposition patterns. Climate variability, such as increased rainfall intensity 
and frequency, is compounding erosion in the basins. However, the level of_ 
connectivity between floodplain lakes and the main Tapaj6s River channel is what 
largely determines sedimentation patterns. Connectivity is regulated by lake 
morphology and floodplain vegetation, the latter of which is increasingly being 
altered by humans through deforestation of riparian, floodplain forests. 

Keywords: Mercury; sediment; floodplain; Tapaj6s River; land-use/land-cover; geo-
chronological dating. 
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1.1 Introduction 

Mercury (Hg) exposure in populations living along the Tapaj6s River (Figure 1.1 ), a 

large tributary of the Amazon River, is among the highest in the world (Berzas 

N evado et al. , 2010). Exposure is primarily through the frequent consumption of fish, 

an important protein source in local diets (Dolbee et al. , 200 I; Lebel et al. , 1997; 

Passos et al. , 2007). There has been debate on sources of Hg in the Tapaj6s River and 

scientific inquires over the last decades have set out to determine how this toxic metal 

moves into the aquatic ecosystem, before it bioaccumulates and biomagnifies in the 

food-chain. While there are gold mining operations in the region, the hypothesis that 

this is the main source of Hg has generally been disproven (Roulet et al. , 1999). 

Instead, extensive deforestation for ranching and agriculture has been identified as a 

diffuse source of Hg loadings in the aquatic ecosystem. Erosion and lixiviation 

following slash-and-bum deforestation mobilize Hg that is naturally occurring in the 

mineral horizons of soils (Farella et al. , 2006; Roulet et al. , 2000). The metal is then 

transported to the river, canals, and lakes, bound to clay minerals and organic matter 

of soil particles (Lacerda et al. , 2012; Maurice-Bourgoin et al. , 2002; Roulet et al. , 

1998b ). Overall, it is clear that Hg movement through different components of the 

Amazonian ecosystem is tightly linked to increasing human activities (Berzas Nevada 

et al. , 2010; Melamed et al. , 2001). 

Much research in the Amazon has focused on the influence of anthropogenic factors 

on Hg dynamics in human-dominated ecosystems, while relatively little attention has 

been given to Hg dynamics prior to these changes, save for a few notable works ( e.g., 

Maurice-Bourgoin et al. , 2002). With the emphasis on anthropogenic drivers of 

change, ecosystem factors such as hydroclimatic conditions have been largely 

undocumented or neglected in previous research, even though these have been found 

to affect Hg movement elsewhere (Maia et al., 2009). Similarly, the shifting and 

dynamic behavior of floodplain vegetation and watershed morphological 



55 

characteristics has also been largely overlooked. The use of sediment cores to 

reconstruct Hg deposition history represents a powerful tool to address these gaps 

because contamination patterns can be compared before and after deforestation 

events. The influence of anthropogenic as well as ecosystem factors, including 

climate, flood cycling and vegetation, can thus be investigated (Dearing, 2008; 

Dearing et al. , 2010). 

The present study provides an analysis of historical Hg contamination that considers 

human activities as well as changes in ecological conditions. We examine how 

floodplain hydrology, watershed morphological characteristics, and land-cover 

changes relate to historical Hg accumulation and loadings in eight small basins of the 

greater Tapaj6s River watershed. This study is part of a larger research project, the 

Poor Land Use, Poor Health Project (PLUPH, 2012), that examines the complex 

interconnections between environmental change and human health in the Brazilian 

Amazon through an interdisciplinary lens. 

1.2 Materials and Methods 

1.2.1 Study region context 

The lower Tapaj6s (Figure 1.1) is a floodplain system, characterized by a strong 

seasonal flood pulse (Junk et al. , 1989). As such, riverbanks and shoreline lakes are 

inundated during the rainy season, from December to May, and are partially or 

completely desiccated during the remainder of the year. The water flow and 

sedimentary dynamics of lakes is regulated by their morphological characteristics as 

well as the type of floodplain vegetation (Junk, 1997; Junk et al. , 2011 ; Sippel et al., 

1992), which can range from highly permeable communities of macrophytes (floating 

beds of herbaceous plants that are aquatic in the wet season and terrestrial in the dry 



56 

season) to igap6s (tall, diverse alluvial forest stands) that reduce flows (Dunne et al. , 

1998; Junk, 1997; Tockner et al., 2010). 

Two types of floodplain lakes have been classified in the region based on their 

hydromorphological characteristics (Sippel et al. , 1992). Lateral-levee lakes ( dish and 

channel lakes) have a high connectivity, tend to be elliptic in shape and are fed 

directly from advection of the river. With a short residency time, their limnology is 

primarily influenced by fluvial forces and currents are, at times, lotic. Blocked-valley 

lakes, on the other hand, are often dendritic in shape and are connected to the river by 

narrow canals that vary in length and are occupied by different types of floodplain 

vegetation. These lakes generally exhibit weak currents (lentic ), they are less 

influenced by the river and have a higher residency time. 

1.2.2 Preliminary analysis: basin selection 

Eight floodplain lakes were selected for sediment core sampling according to three 

criteria: 1) the extent of deforestation in the basin, 2) type of lake (based on 

connectivity of the lake to the main river body as per Sippel et al. (1992); 3) the 

feasibility of sampling in the lake. Lakes were considered for coring because they 

offer a more appropriate sampling environment rather than the river. The river is 

narrow and anabranching with low sinuosity and a strong advection current, so fine 

sedimentary accumulation rarely occurs. Sedimentary deposits in floodplain lakes, 

however, remain comparatively undisturbed. Moreover, a lake-level sampling 

approach allows the relationship between changes in the local drainage basin and 

sediment records to be analyzed. 
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Figure 1.1 The Tapajos River region and basins selected for this study. 
The river flows towards the Amazon at the estuary near Santarem 
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A watershed delimitation analysis was first performed in order to define the greater 

Tapaj6s River watershed and to identify the sub-basins of shoreline lakes that drain 

into the main river channel. This was performed with GRASS, an open-source 

geographic information system (GIS) platform (GRASS Development Team, 2012), 

using a 30-meter digital elevation model (DEM) (Valeriano, 2004) that was 

reconstituted from the Shuttle Radar Topography Mission (SRTM) 90-meter 

resolution model (USGS, 2004). Following this, the extent of deforestation (percent 

total area) in each basin was visually estimated using a composite of RGB 

(red/green/blue) images from two sources: a 2009 Landsat 7 TM image (available 

from the U.S. Geological Survey: www.eros.usgs.gov) and a 2008 SPOT image 

(graciously provided by the SEAS-Guyane Project: www.seas-guyane.org). The 

connectivity of each lake was examined using the RGB composites, so as to 

characterize the influence of river flood dynamics on the lake hydrology. This was 

based on the morphological characteristics of the lake as well as knowledge of the 

main river flow patterns. From this preliminary analysis, eight lakes were selected for 

sampling of sediments (Figure 1. 1 ). Structural characteristics of the lakes and 

watersheds, including slope steepness, lake size, channel length, and width of the 

vegetative barrier, were visually characterized or measured using Landsat and SPOT 

imagery and the DEM. Soils in the basins were determined using a map (scale 

1 :25000) developed by the Zoneamento Ecol6gico-Econ6mico (ZEE) project of the 

BR-163 area (Venturieri, 2007), which uses the Brazilian national classification 

system (EMPRAP A, 2006). 

1.2.3 Core sampling and sample preparation 

Between January and February 2009, sediments were sampled near the outlet of each 

lake using a Wildco® hand core sediment sampler (120 cm in length and 5 cm in 

diameter) lined with PVC tubing. During the transition from the dry to the wet 

season, water levels are low (around 3m in depth) and disturbance of the sediments 
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and water column from rains and currents are minimal, allowing for easy extraction 

and handling of sediments using the manual coring apparatus. We also relied on local 

fishers to share their knowledge of the lake systems in order to identify adequate 

sampling sites - areas of the lake that, even in the dry seasons, are consistently 

inundated. The sediments were then extracted from the PVC tube and subsampled at 

1 cm intervals. Because the action of coring may cause some mixing of sedimentary 

layers at the outer edges of the core, only the center of each 1 cm slice was retained 

for chemical analysis; the edges were removed and put aside for analysis of physical 

characteristics, if needed. The subsamples were transferred to glass tubes and were 

immediately frozen for transportation to the laboratory. 

1.2.4 Laboratory analysis: Hg, C, and N 

All subsamples were freeze-dried, with sample weight being taken both before and 

after drying to determine water content. Density was measured at every 10 cm along 

cores by drying a known volume of sediment (lcm3
) at 60°C for 24 hours. The 

particle size distribution of five subsamples from the Araipa Lake sample were 

measured using a Beckman Coulter Laser Diffraction Particle Size Analyzer 

(LS 13320) and the results were synthesized with the program Gradistat v. 4 (Blott et 

al., 2001) . This lake was chosen over others because, as detailed below, it has the 

lowest sedimentation rate and thus provides deeper insights into the past. 

Subsamples from each core, representing the first 15cm followed by a subsample 

every 5cm (20cm, 25cm, 30cm, etc.), were chosen for chemical analysis. All minute 

traces of leaves, sticks or other organic material were removed and freeze-dried 

subsamples were then ground to a homogenous powder with an agate mortar and 

pestle. Mercury was extracted from sediments using hydrochloric acid digestion and 

the total content in samples was measured using cold vapor atomic fluorescence 
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spectrometry (Pichet et al. , 1999). This method has a detection limit of 0.1 ng/g for a 

250mg sample. The accuracy of the method was verified using a Mess-3 certified 

standard. To measure organic carbon (C) and total nitrogen (N) content, samples were 

treated with 10% HCI for at least 48 hours to remove inorganic carbon content. 

Samples were then combusted in a Carlo Erba (NA-1500) elementary analyzer 

attached to a Thermo Scientific Delta V Advantage isotope ratio mass spectrometer 

(Verardo et al. , 1990). Every seventh sample was run as a duplicate to ensure 

precision, yielding an average discrepancy between duplicates of 8.T4 % for C and 

8.T2 % for N measurements. Atomic C/N ratios were then calculated. 

In order to understand the extent to which the watershed and the surrounding 

environment have been affected by human activities, the Anthropogenic Sedimentary 

Enrichment Factor (ASEF) for Hg deposition was calculated for each of the sediment 

profiles as the ratio of the baseline Hg content to the surface level content. Here, the 

baseline is defined as the part of the profile before which there is an important and 

continual increase in Hg content towards the surface. A Kruskal-Wallis non-

parametric ANOV A test, designed to identify significant differences in population 

medians, was performed using the kruskal.test function in the stats package of R, an 

open-source data analysis software (R Core Team, 2012). 

1.2.5 Laboratory Analysis: Geochronology 

Four cores were selected for lead-210 (2 10Pb) radioisotope analysis to estimate 

sedimentation rates and to model sediment age. These cores were chosen because 

their geochemical profiles exhibited minimal disturbance - of importance for the 

accuracy of the geographical modeling methods - and because they represent the 

diversity of land-use and watershed morphological characteristics that are present 

across the region. Radiometric measurement of 210Pb activity was performed using 



61 

the method largely described in Moingt et al. (2014). However, chronology was 

established using downcore unsupported 210Pb and a Constant Rate of Supply (CRS) 

model since variations in rates of erosion and sedimentation may be expected over the 

last 150 years (Ghaleb, 2009). Moreover, recently, Bonotto et al. (2014) have shown 

that the CRS model provides better results for chronological studies in Brazilian 

hydrographic basins. To validate the ages estimated using the CRS model, Cesium 

radioisotope (137Cs) measurements were performed (Ali et al. , 2008). Sediment 

accumulation rates (g/cm2/yr) were calculated using the CRS sedimentation rate 

( cm/yr) and porosity (g/cm3
) of subsamples. 

Hg accumulation rates (ng/cm2yr) were calculated using the sediment accumulation 

rate (g/cm2yr) and the measured Hg concentrations (ng/g). For subsamples beyond 

the level of supported 2 10Pb activity, Hg accumulation was estimated using the oldest 

CRS accumulation rate for a given sample. While recognizing that chronologies using 
210Pb are not valid for ages over 130 years, we nonetheless choose to extrapolate Hg 

accumulation rates deeper into time for visual and illustrative purposes. 

1. 2. 6 land-use/land-cover change 

Land-use/land-cover change in each basin was evaluated using data and methods 

from Rozon et al. (2015)). In their study, Landsat images (all taken between June and 

August, when water levels are low) were classified into eight classes over three non-

consecutive years (1986, 2001 , and 2009): 1) slightly altered old growth forest, 2) 

successional forest, 3) initial growth secondary forest, 4) agriculture and pasture 

lands, 5) degraded pasture lands, 6) exposed soils and urban areas, 7) humid/flooded 

zones, and 8) water. To improve the temporal resolution of land-use/land-cover 

change data, the same procedure was applied to two other satellite images: 1975 

(Landsat 2 MSS) and 1997 (Landsat 7 TM). The bare soils and urban/built zones 
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classes that were defined by Rozon et al. (2015)) were undetectable in the 1975 

image, likely owing to the lower spatial and spectral resolution of the MSS sensors on 

the Landsat 2 satellite (60 meter spatial resolution, 4 spectral bands) relative to the 

TM sensors on the Landsat 7 satellite (30 meter spatial resolution, 7 spectral bands). 

Furthermore, urban development in the region did not escalate until the 1980s; as 

such, the 1975 image contained a low number of pixels corresponding to bare soils 

and urban/built zones, rendering identification of these classes difficult when using 

the unsupervised maximum likelihood classification (MLC) procedure. We chose to 

subsume these two classes into the cropland and pasture class for all years. This can 

be justified based on the fact that run-off in these three areas is similar due to 

compaction and that most urban areas in the Amazon, while cement and asphalt cover 

is present, are usually actually compacted exposed soils. As such, seven classes were 

retained for this study. 

The land-cover change in each basin was calculated using GRASS (GRASS 

Development Team, 2012). The area deforested in the greater Tapaj6s River 

watershed was calculated using a compilation of yearly deforestation data (2005 -

2011) from the Sistema de Detec<;iio de Desmatamento em Tempo Real (DETER) 

program (INPE, 2012) as well as land-use data (from 2004) and deforestation data 

(from 1971-1976, 1977-1987, 1988-1991) from the Brazilian Ministry of the 

Environment (MMA/IBGE, 2012). 

1.2. 7 Climate and hydrological data 

Datasets were acquired from a hydrological station (04°28 ' S, 55°99' W) and a 

weather station (04°17' S, 56°00' W) located near the city of Itaituba (Figure l. 1). 

These include: monthly average precipitation from 1968 to 2010 (INMET, 2012), 

monthly average stream flow and water-levels of the Tapaj6s River from 1972 to 
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2011 (Cochonneau et al. , 2006), and daily suspended sediment and flow from 1997 to 

2011 (Cochonneau et al. , 2006). These stations offered the most consistent 

measurements, are in closest proximity to the sampling sites, and are downstream 

from all lakes sampled. 

Using the loess model, a robust technique to describe patterns in a seasonal datasets, 

the monthly climatological and hydrological data were decomposed into seasonal, 

trend and irregular components (Cleveland et al. , 1990). The residuals (irregularities) 

were examined and, because they were randomly distributed and demonstrated no 

temporal trends, the additive model was deemed sufficient for the climate and 

hydrological monthly data. All data were then seasonally adjusted by removing the 

seasonal component from the original time series dataset. Daily suspended sediment 

and flow were available only at irregular time-steps, sometimes with months or years 

between measurements; as such, trend analysis was not feasible. However, the data 

were plotted and visually examined. All data manipulations and analyses were 

undertaken with the zoo and stats packages in R (R Core Team, 2012; Zeileis et al., 

2005). 

1.3 Results 

1.3.1 Lake and drainage basin characteristics 

The basins of the two smallest lakes, Ipanema and Born Intento, have some of the 

steepest slopes (average steepness of 8.06% and 10.28%, respectively) while those of 

lpaupixuna and Cupu, two lakes with similar morphometry, exhibit the flattest 

topography (average steepness of 2.60% and 2.98% respectively) (Table 1.1). In most 

basins the majority of soils are of the Argisol class (similar to the Ultisol class of the 

US system), which are highly weathered with the fine clay fraction leaching to lower 
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horizons. The small and contiguous basins of Ipanema and Born Intento (Figure 1.1 ), 

on the other hand, have uniform coverage of Latosol soils, which tend to have a 

higher Hg content associated with higher contents of iron and aluminum 

sesquioxydes linked to their fine clay fractions (Roulet at al. , 1998b ). 

Building on the classification of shoreline lakes proposed by Sippel et al. (1992)), the 

lakes selected for this study were grouped into three levels of connectivity to the 

greater Tapaj6s River (Table 1.1 ). Born Intento Lake, an elliptical, blocked-valley 

lake, has very limited connectivity to the main river system due to the large 

vegetative barrier and long canal - it is thus less permeable and the flows of matter 

and energy between the lake and the river are limited. It is primarily fed from the 

surrounding watershed and has a high water residence time. Brasilia Lake, a much 

larger lake and watershed, has a notably thinner and more permeable barrier, 

indicating that it has a higher connectivity with the Tapaj6s River (Table 1.1). Torbias 

Lake has communities of macrophytes at the lake-river boundary; as such, it is 

classified as having the highest level of connectivity. It is fed mostly from advection 

of the river as well as the surrounding watershed and, thus, has a somewhat shorter 

water residence time. At the time of sampling Araipa Lake there was a thin vegetative 

barrier of pioneering floodplain vegetation between the lake and the river; however, 

satellite imagery shows that this barrier was sparser and discontinuous in 1975. We 

observe similar changes at the boundary of Cupu and Brasilia lakes. The barrier of 

floodplain vegetation is much thicker in 2009 than it was in 1975, corresponding to 

an increase in the amount of mature (flooded) forest cover and the like-river 

boundary. Ipanema Lake, however, exhibits the opposite trend. In 1975, the lake-river 

boundary was thicker and in mature (floodplain) forest while in 2009 this barrier was 

thinned (Table 1.1), and now corresponds to some mature (flooded) forest cover and 

macrophytes. 
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Table 1.1 Structural characteristics of sampled lakes and their drainage basin 

Watersh Mean Portion 
with Lake-river Width of 

Lake Lake Watershed ed to Soil classes slope slopes Connectivity Lake Shape Canal vegetative (km2)a (km2
) Lake steepness steeper b lengthc barrierc 

ratio (%) than 10% 
58% argisol Medium-Araipa 3.0 217.79 69.47 42% latosol 8.64 0.36 high Dendritic 42m 2-5m (river) 
10% neosol 

Born Intento 0.27 3.33 12.33 I 00% latosol 10.28 0.44 Low Elliptical 65m 5-8m (canal) 
36m (river) 

79% argisol 
Brasilia 1.97 527.38 268.59 11% latosol 3.73 0.63 Medium Elliptical 90m 3- !0m (river) 

10% neosol 

Cupu 1.97 81.21 40.32 42% argisol 2.98 0.33 Medium Dendritic 26m 7 - 9m (canal) 58% latosol 

lpanema 0.08 16.48 206.97 l 00% latosol 8.06 0.34 Low Elliptical 88m Im (canal) 
47m (river) 

80% argisol Medium-[paupixuna 1.27 91.37 71.98 11% latosol 2.60 0.16 high Dendritic 7m 1-4m (river) 
9% gleysol 
81% argisol 

Piracana 2.39 702.79 297.47 17% latosol 3.26 0.43 Medium Elliptical 18m 3-9m (riv~r) 
2% gleysol 
70% latosol 

Torbias 0.21 115.08 553 .19 27% argisol 3.19 0.38 High Elliptical Om Om 
3% neosol 
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• This is a mean taken from multiple dry season measurements of water area, as per the classified Landsat images used in the LULC 
change part of this study, from Rozon et al (In press). 
bConnectivity is dependent on the successional stage of floodplain vegetation as well as the morphology of the lake, both of which 
change over long time frames, from decades to centuries. The connectivity description thus represents the state of the lake at the time 
of sampling. 
c These measurements were taken from the dry season, 2009 RGB Landsat image as used by Rozon et al ([n press). In most cases, the 
vegetated area separating the main river channel from the lake or canal (as indicated by the word "river") was measured . An example 
of this can be seen at the Lake Arai pa outlet in Figure I. I. In some cases, however, the canal is protected from the main river channel 
by another vegetative barrier, such as a fluvial island. This is the case for Born lntento and lpanema Lakes, as seen in Figure 1.1. In 
these cases, the vegetation between the lake and the canal was measured. In these cases, the distance between the lake and the main 
river channel was measured, taking into account all vegetative barriers, including the island. (indicated by the word "river 
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1.3.2 Land use and land cover changes across basins 

In 1975, all basins were at or very near 100% forest cover (Figure 1.2), with the 

exception of Torbias and lpaupixuna, which were just over 90% forested. Since then, 

most basins have undergone extensive forest losses, sometimes with up to 50% 

reductions in forest. The effect is most acute in the Ipaupixuna basin, which has 

undergone the most rapid and extensive forest loss (Figure 1.2b ). Piracana closely 

follows. These two basins are around the urban center of ltaituba (Figure 1. 1 ), where 

roads abound and the population is high. Notably, however, Ipaupixuna's landscape 

changes began to stabilize after 1997. The only other exception to this trend of 

extensive forest loss, however, is Torbias, whose landscape remained relatively 

constant over the last 40 years. 

Most basins follow a similar trajectory of rapid expansion of active land-cover classes 

(Figure 1.2). Born Intento was deforested at a faster rate and earlier relative to other 

basins in close proximity ( e.g., Cupu, Arai pa, and Ipanema, Figures 1. 1 & 1.2b ). 

While the portion of forested area lost in this basin parallels losses in Ipaupixuna, at 

least early in the deforestation history (between 1975 and 1986), the total area lost (as 

opposed to the portion lost, as shown in Figure 1.2b) between the two basins is quite 

different (2 km2 and 32 km2 for Born Intento and lpaupixuna, respectively). Born 

Intento Lake ' s relative rapid forest loss is thus a function of its small size (Table 1.1). 

Cumulative deforested area in the greater Tapaj6s watershed (Figure 1.2a) general1y 

paral1els the early temporal trajectories in basins, in that most of the area was forested 

before 1970 and there were rapid increases between 1985 and 2004. After this time, 

deforestation stabilizes. 
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Figure 1.2 a) Land-cover changes for the Tapaj6s River watershed and b) 
for basins of sampled lakes from the 1970s to present day. For basins, non-forest 
cover refers to the sum of the following LULC classes, as per Rozon et al (2015): 
initial growth secondary forest, agriculture and pasture lands, degraded pasture 

lands, exposed soils and urban areas. 

1.3.3 Hg and C/N profiles in sampled lake sediments 

In general, a common trend can be observed across Hg profiles (Figure 1.3). Deeper 

with in most profiles, total Hg loadings are relatively constant, remaining around a 
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general baseline concentration, between 100 and 150ng/g, with the exception of 

lpanema. At a depth of 40 to 60cm, depending on the sample, there is a rapid change 

in Hg loadings, tending towards an eventual surface enrichment. While there are 

fluctuations in Hg concentrations deeper along some cores, for example Born Intento, 

Torbias, and Araipa lakes, these variations do remain about the baseline 

concentrations. In the case of Piracana Lake, a baseline cannot be established, as the 

core is 65cm in length and it was not possible to collect a deeper sample. 

In most sediment profiles, there is significant Hg enrichment towards the surface, 

corresponding to concentrations of about 200 and 250ng/g that are typical of 

sediments in the region (Roulet et al. , 2000) (Table 1.2). In Brasilia, Cupu and Born 

Intento lakes, surface Hg concentrations have nearly doubled from baseline levels 

(Table 1.2, Figure 1.3). On the other hand, Torbias Lake exhibits no significant 

increases of surface Hg concentrations (p = 1.000, Table 1.2). The increase in surface 

sediment Hg concentrations along cores taken in lpanema and Ipaupixuna lakes, on 

the other hand, are still significant, but not as statistically strong (Table 1.2). 
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Figure 1.3 Hg profiles of sampled cores 
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The percent organic carbon (C) and the carbon to nitrogen atomic ratio (C/N) also 

indicate common trends among most cores (Figure 1 .4). While variations deeper in 

the cores vary, all profiles share the commonality of a pronounced surface level 

enrichment of C content. Interestingly, Araipa, Torbias, Brasilia, Cupu and Ipanema 

cores demonstrate strikingly similar C profiles, although the variance in Torbias core 

is most extreme. This trend corresponds to a decrease in total C with in sediment 

samples around 40-60cm and a marked increase again after 20-10cm. In all cases, the 

C/N ratios follow a similar trajectory to C profiles. Two of the largest lakes, 

lpaupixuna and Piracana, however, exhibit relatively small variations in C content 

along cores, tending to increase at the surface. Their C/N ratios remain somewhat 

constant with a slight downward trend towards the sediment surface, due to the C 

enrichment while N content remains constant. Born lntento Lake, stands alone, in that 

the C sediment profile shows a constant increasing trend along the core towards very 

high values at the surface (Figure 1 .4). 

In sediments of Born Intento, Piracana, and lpaupixuna lakes water content remains 

fairly constant, or with a slight increasing trend, until very near the surface when 

there is a sharp increase (Figure 1.5). In Araipa, Torbias, lpanema, and Brasilia lakes, 

both dry density and water content vary considerably along cores, although these two 

variables consistently maintain an inverse relationship (Figure 1.5). Visual inspection 

of these samples indicates that sediments became finer and more clayey in Torbias, 

Araipa, and Ipanema lakes at a mid-depth of about 20 to 50cm (depending on the 

core), where water content shifts to some of its lowest values and density is high. 

However, the onset of these changes in the profile do not correspond to increased Hg 

concentrations (Figure 1.3). Sediments became notably more granular towards the 

surface, where densities are lower and water content is higher. 
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Table 1.2 Mean Hg concentrations and standard deviation along the entirety 
of each core, ASEF values and associated statistics. 

Lake Hg µ ±8 Baseline ASEF F-stat ANOVA 
(ng/g) depth (p-value) 

Araipa 217 ± 26 40cm 1.14 56.52 <0.0001 

Born lntento 153±37 45cm 1.88 39.70 <0.0001 

Brasilia 142 ± 43 40cm 1.85 367.27 <0.0001 

Cupu 109 ± 30 40cm I. 71 64.85 <0.0001 

lpanema 200 ± 24 30cm 1.09 7.25 0.0195 

lpaupixuna 1 98 ± 20 40cm 1.59 283.11 <0.0001 

Ipaupixuna 2 98 ± 20 40cm 1.18 20.98 0.0007 

Piracana 183 ± 26 40cm 1.54 112.3 <0.0001 

Torbias 160 ± 14 40cm 1 0.000 1.000 

Note: The Kruskal-Wallis non-parametric ANOVA test is for the null hypothesis that the enrichment is 
not significant, that is there is no significant difference between the baseline and the recent Hg 
loadings measured in sediments. The baseline depth indicates the depth at which the baseline is 
considered to start. Two ASEF values were calculated for Lake Ipaupixuna because the Hg loadings in 
sediment undergo two important changes at the surface: at 40cm and again at 13cm. lpaupixuna 2 
considers the entire surface in the analysis, from 35cm to 1cm. Ipaupixuna 1, however, only considers 
to the 35cm - 13cm surface. 
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Granulometric analysis of five sub-samples from Araipa Lake demonstrates that there 

have indeed been important granulometric changes along the core (Figure 1.6), which 

correspond to changes in density and water content (Figure 1.5). For example, the 

highest clay particle content in the sample (at 30cm) corresponds to the highest 

measured density and among the lowest water content. Deeper along the core sample, 

at 80cm, when density is lowest and water content is higher, there is markedly less 

clay. This confirms our visual characterization of textural changes and the links to 

density and water content, indicating that similar textural changes also occur in 

sediments from Ipanema, Brasilia and Torbias lakes. 
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Figure 1.5 Density (represented as circles) and water content (represented as squares) of sampled cores. 
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Figure 1.6 Granulometry of selected sub-samples from the Lake Araipa 

core 

1.3.4 Sedimentation rates and Age 

The results of the radioisotope analysis indicate that 210Pb supported activity is 

reached after about 20 cm for both Cupu and Brasilia cores, while 210Pb supported 

activity was measured much deeper in the Born Intento core (50 cm) and much closer 

to the surface in Araipa core (15 cm) (Figure 1.7). Activities generally follow classic 

radioactive decay curves, although there is indication of disturbance regimes with in 

the cores, likely due to natural (hydrological) re-suspension or bio-perturbation 
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processes. Such disturbances rendered dating other samples of interest an uncertain 

task, including the Torbias core. 

Using the ages and sedimentation rates of the four sampled cores, Hg accumulation 

were calculated (Figure 1.7). Sedimentation rates become increasingly high towards 

the surface, corresponding to the onset of the significant increases in Hg (as per the 

ASEF; Table 1.2). In Araipa Lake, the sedimentation rate nearly doubled between 

15cm and the surface (0.25 to 0.59 cm/yr). In Cupu Lake, however rates only 

narrowly varied over the profile (between 0.21cm/yr at a depth of 40cm and 

0.23cm/yr at the surface). On the other hand, the sedimentation rates in both Brasilia 

and Born lntento lakes increased drastically, undergoing increases by nearly four fold 

(between 0.1 lcm/yr at a depth of 40cm and 0.41 cm/yr at the surface) and five fold 

(between 0.23 cm/yr at a depth of 65cm and 1.25 cm/yr at the surface) respectively. 

To correct for the effect of sedimentation and determine at what date significant 

surface enrichment of Hg began, Hg accumulation rates were calculated and depth 

was adjusted for age (Figure 1. 7). 

All lakes show a generally similar timeline of events with respect to Hg. The 

initiation of the upward trend of Hg accumulation into lake sediments generally 

corresponds to the 1920s. Note that 210Pb dating cannot be applied beyond 130 years, 

making it uncertain in terms of estimating longer time frames. Dates prior to about 

1900 should be considered strictly for visualization purposes. Accumulation rates 

have been calculated using extrapolated sediment accumulation rates, although it is 

probable that these change along cores or even on a yearly basis, depending on the 

disturbance regimes with in the basin as well as the hydro-climate regime. This is 

particularly true for Brasilia and Born lntento lakes, which demonstrate large changes 

in sedimentation rates along the core. Figure 1.7 should be taken as a visual indicator 

of tends and general tendencies along the core, rather than an exact analytical graph. 
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1.3.5 Complementary observations: climate and hydrological data 

Visual examination of the monthly precipitation trend does not indicate that there is 

any overall increasing or decreasing tendency (Figure 1.8); however, there may be 

indications of a cyclical pattern. There is a decreasing trend from the beginning of the 

dataset (1961) to 1982, after which the trend appears to remain somewhat stable or 

possibility increase. The monthly flow and water level data (Figure 1.8) are similar to 

each other but show no trend other than the regular seasonal oscillations due to 

annual flood pulses. 
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Figure 1.8 Long-term hydrological and rainfall data from the ltaituba 
station (Figure 1.1) decomposed into the estimated trend and the seasonally 

adjusted values. Arrows indicate El Nino events. 
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Examining daily flow and suspended sediment in the Tapaj6s demonstrates that peak 

sediment loadings were measured in 2009-2010, while flows followed a regular 

seasonal pattern (Figure 1.9). Indeed, long gaps in the time series renders it difficult 

to ascertain if there is a trend of increasing sediment loadings between 1997 and 

2012. However, the continuous data from 2005-2012 indicates that suspended 

sediment measurements remained relatively constant until 2010, when an event may 

have increased loadings. 

2000 

Figure 1.9 

2005 

Date 

2010 

Recent daily flow and sediment loadings of the Tapajos River 
from the ltaituba station (see Figure 1.1) 
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1.4 Discussion 

1. 4.1 Land-cover changes 

All sedimentary profiles, with the exception of the Torbias core, exhibit a surface 

enrichment of Hg concentrations and accumulation rates (Figures 1.3 & 1.7, Table 

1.2), signaling a notable change in the geochemical composition of stratigraphic 

records over time. The socio-ecological history of the basins and the greater Tapaj6s 

watershed can afford insight into the drivers of sedimentary shifts in Hg (Figure 1. 7). 

Although well-established indigenous communities had been living in the region for 

centuries (Arroyo-Kalin, 2012; Woods, 2010), it wasn ' t until the early 20th century 

that the ecosystem began to radically transform. In the 1920s, natural rubber 

exploitation reached an apex in the Tapaj6s region, causing a micro boom in the 

population and increases in small-scale agriculture on the banks of the river (Demeda, 

2010; Grandin, 2009; Russell, 1942). While the impacts on the forested ecosystem 

were minimal relative to current deforestation levels (Weinstein, 1983), evidence of 

these activities may be observable in the Born Intento core. Indeed, there is a spike in 

Hg concentrations at 45-60cm (Figure 1.2), corresponding to an increase in terrestrial 

organic matter inputs from deforestation between 1900 and 1940 (Belanger, 2012). 

After the 1970s, however, Hg accumulation rates exhibit important acceleration in all 

of our dated samples (Figure 1.7). While this corresponds to the time just before the 

gold rush (Bezerra et al. , 1996), the sampled cores show little or no evidence of the 

effects of gold mining (Roulet et al. , 1998a; Roulet et al., 1999). That is, there is no 

observable spike in the metal contaminant in the 1980s/90s, corresponding to the 

boom period, and there is no rapid decrease in the late 1990s, corresponding to the 

bust (Bezerra et al. , 1996). Our results instead point to the land-cover changes in the 
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sampled basins (Figure 1.2) as a source of rapid Hg increases in sediments after the 

1970s. In addition to increased Hg concentrations in surface sediments, there are also 

notable changes in C content (Figure 1.4). In the Ipanema and Torbias cores, the 

spike in C content at the surface (at about 20cm) corresponds to the presence of 

organic debris (leaves, sticks, or charred pieces of wood observed in the sample), 

indicating that increased C content may be due to changes in vegetation (i.e. , removal 

of igap6s or terr a firme forest loss) (Farella et al. , 2001; Roulet et al. , 1998a). 

Due to a number of complex reasons (Geist et al. , 2002), terr a firme ( dry land) and 

igap6 (wetland) forests have been rapidly and extensively slashed and burned and 

replaced by crops and pastures since the 1980s (Oestreicher et al., 2014; Rozon et al., 

2015). Overall, these abrupt land-cover changes were a result of the government-

planned colonization of the Amazon that built new infrastructure (BR-162 and BR-

230 highways, Figure 1.1) and promoted mass immigration (Fearnside, 2006; 

Laurance et al. , '2002). Not only do the accelerated Hg accumulation rates in 

sediments (Figure 1. 7) correspond to these social and landscape changes, but other 

studies also corroborate this assertion (Belanger, 2012; Farella et al. , 2006; Roulet et 

al. , 2000; Roulet et al. , 1999). 

Indeed, in the Torbias basin forest loss is negligible (Figure 1.2) and there is no 

significant Hg enrichment at the surface of the core (Table 1.2). This is owing to the 

protective forest cover that limits raindrop impact and encourages rainwater to 

percolate through soil horizons, reducing runoff and overall Hg loss compared to 

actively used areas (Beliveau et al. , in progress; Postier et al. , 2000). Instead, 

Belanger (2012)) found that recent sedimentary inputs principaJly originate from 

areas converted to pasture and crops on steep slopes in local drainage basins. This is 

reflected in the Born Intento Lake, for example, whose drainage basin has some of the 

steepest slopes and soils with highest Hg concentrations (Table 1. I). Consequently, 
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the core exhibits some of the highest concentrations of Hg (Figure 1.3) and the 

highest surface level enrichment (Table 1.2). 

Beyond local-level land-cover changes, the larger Tapaj6s watershed has also 

undergone important shifts in vegetative cover (Figure 1.2), but the impact of these 

regional changes on local the sedimentary records of the sampled watersheds is 

inconclusive. Since about 2004 deforestation has stabilized in the greater Tapaj6s 

watershed (Figure 1.2), paralleling other areas of the Amazon (Fearnside, 2006; 

Nepstad et al. , 2009), while sedimentation rates and Hg accumulation in individuals 

lakes have continued to increase at the surface of most lakes - the exception being 

lpaupixuna and Torbias that have limited local-level deforestation since 2004 (Figure 

1.3 & 1.7). At the same time, suspended sediment loadings the greater Tapaj6s River 

have been generally stable since about 2000 (Figure 1.9), indicating that the bulk of 

surficial sediments and Hg inputs are local in origin, rather than from elsewhere in the 

Tapaj6s watershed. Indeed, there was a notable spike in suspended sediment around 

2010 (Figure 1.9). Given that daily flow cycles remain regular (Figure 1.9), this 

change appears to be due to an important deforestation event very near the ltaituba 

measuring station. It is unclear, however, the extent to which such an event influences 

local lake sediment profiles, as the signal of suspended sediments originating from 

the river may simply be dampened by the abundance of locally derived matter 

(Belanger, 2012). 

1.4.2 Climate and hydrological variability 

In addition to land-cover impacts, changes in rainfall and hydrological regimes are 

also important modifers of soil particle mobilization and sedimentation patterns 

(Aalto et al. , 2003 ; Beliveau et al., in progress; Bonnet et al. , 2008). The Amazonian 
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climate is influenced by both long-term hydroclimatic cycles (28 year periodicity) 

and short-term cycles due to El Niflo Southern Oscillation (ENSO) variability (3 to 4 

year periodicity) (Botta et al. , 2002; Marengo, 2009). Evidence for the multi-decadal 

cycle, which Botta et al. (2002)) identifies as undergoing a shift in rainfall around 

1980, may be observable in the rainfall dataset (Figure 1.8). The former, short-term 

ENSO cycling is most apparent in the local hydrological dataset (Figure 1.8). With 

these two climate cycles, there was a period of intense El Niflo events from the 1980s 

until the beginning of the 21 st century (Marengo, 2004), corresponding to an increase 

in very heavy rain days in the region (Haylock et al. , 2006). Beyond these regular 

cycles, there is also evidence that since the 1980s, precipitation events in the Amazon 

are becoming more extreme (Botta et al. , 2002). Indeed, this is corroborated by the 

local observational data, which indicates that there was more variation in rainfall 

during this time (seasonally adjusted data, Figure 1.8). 

More extreme and more frequent rainfall events are likely to be contributing to the 

increase in sedimentation rates and Hg loadings that was observed in most cores 

(Figures 1.3 & 1.7). Indeed, El Nino events have been shown to augment sediment 

transport elsewhere in the Amazon (Aalto et al. , 2003). When combined with land-

cover change on steep and sloping terrain, such climate conditions can exacerbate 

erosion and accelerate fluxes between the basin and the aquatic environment. 

Beliveau et al. (in progress), for example, found that there is more overall soil loss 

and more total Hg loss following extreme rainfall events, and that the soils 

transported from actively used areas are composed of more coarse particles. This is 

illustrated in the Araipa core, where Hg loadings and accumulation rates have 

increased at the surface as have the portion of coarse sand particles (Figures 1.3, 1.6 

& 1.7). The combination of rainfall variability, some of the steepest slopes (Table 

1.2), high deforestation (Figure 1.2) explains the trends in textural and chemical 

indicators in this core. Visual examination of the Ipanema, Cupu and Torbias cores 
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also demonstrated increasingly coarse sediments at the surfaces, indicating that this 

same dynamic of combined deforestation and climate variability is contributing to 

increased Hg loadings and sedimentation. 

Prior to the 1970s, however, a different climatological regime was operating in the 

Amazon (Marengo, 2009). From 1950-75, for example, El Nino events were less 

active and precipitation levels decreased to lows in the 1940s and again in the 1970s 

(Marengo, 2004). This similarly corresponds to reduced Hg sedimentary 

accumulation rates between the 1940s and 1970s before rapid increases of Hg 

concentrations and accumulation rates in sedimentary layers (Figures 1.3 and 1. 7). 

While local-level meteorological data were not available before the 1970s, we do note 

that rainfall variability reached a low in the I 970/80s (Figure 1.8), as was observed 

elsewhere in the Amazon (Botta et al. , 2002). It is thus reasonable to postulate that 

rainfall anomalies were similarly low in the 1940s in the Tapaj6s Region, as Marango 

(2004) observed elsewhere, corresponding to a period of lower ENSO activity. 

Beyond the combined effects of rainfall events and land-cover change, hydrological 

regimes are also important for interpreting sedimentation patterns in the sampled 

cores. The timing and intensity of annual floods, linked to hydrocliamtic cycling, 

causes episodic sediment deposition in some floodplain lakes in the Amazon, 

generating distinct layers and fluctuations in geochemical variables (Aalto et al. , 

2012; Bourgoin et al. , 2007). Depending on the extent of lake-river connectivity 

(Table 1. I), high-energy pulses during the rainy season (Figure 1.8 & 1.9) can cause 

resuspension of the lake sediments and bring suspended particulate matter from the 

river channel to the lake (Tockner et al. , 201 O; Tockner et al. , 2002). This likely 

explains variations observed along the sediment core of the highly connected Torbias 

Lake (Table 1.1 ). While this basin is protected from rainfall erosion because of its 

high forest cover and the low rates of (terr a firm e and igap6) deforestation over time 
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(Figure 1.2), the effect of the annual flood-pulse is more pronounced than in other 

cores. 

1.4.3 Lake river boundary 

We postulate that a historical shift in the connectivity of the lake-river boundary 

explains variatjons in C content and textural indicators (density, water content, 

granulometry) deep in the Cupu, Brasilia, Torbias, Ipanema and Araipa cores 

(Figures 1.3 - 1.6) that occurred before the onset of the extensive human impacts on 

the Amazon (post 1970). Indeed, these five cores show strikingly similar profiles for 

these variables. The level of connectivity is a function of lake morphology as well as 

the structure and composition of floodplain vegetation (Junk, 1997; Junk et al. , 1989) 

and, in turn, influences sedimentation regimes (Tockner et al. , 2010). Connectivity is 

not, however, a fixed parameter (Amoros et al. , 2002); it has a seasonal component, 

as exemplified above with the Lake Torbias core, and it varies between lakes (Table 

1.1 ). It also has a longer, temporal component that is dependent on the stage of 

succession of floodplain vegetation. At the initial seral stage, aquatic herbaceous 

plants (floating and rooted macrophytes) and shrubs make a highly permeable 

boundary that slowly traps suspended sediments from both the river and the lake, 

thereby increasing sedimentation in a specific area (Kallio la et al. , 1991 ; Salo et al., 

1986; Worbes et al. , 1992). As matter and nutrients build up, pioneering trees will 

colonize the area over time, spanning from decades to centuries, eventually 

eliminating perennial grasses, reducing flow as well as the permeability of the lake-

river boundary. At the climax successional stage, igap6s occupy the boundary (Junk 

et al. , 2011; Worbes et al. , 1992). 

Building on the results presented here as well as those of Belanger (2012), who 

measured the quality and type of organic matter in the same Araipa core, we argue 
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that there was a shift from a state of low connectivity deep in the past, identifiable in 

the profile at a depth of 80cm, towards a state of high connectivity at a depth of 

30140cm. At 80cm in the Araipa core, sedimentary inputs from the surrounding 

drainage basin were low (Belanger, 2012) and there was high sedimentation of 

coarser particles (silts, Figure 1 .6), indicating that connectivity between the lake and 

the river was also low. Of the organic matter found in the sample at this depth, it 

largely originates from woody species ( e.g., trees, rather than grasses) and is 

relatively fresh, which could be indicative of forest inputs (Belanger, 2012), including 

a mature igap6 forest that maintains a low connectivity at the lake-river boundary. At 

30140cm, the terrestrial organic matter content originated mostly from herbaceous 

plants (may include macrophytes) and it is highly degraded, pointing to a higher 

connectivity with the river (Belanger, 2012). Indeed, the increase in fine clay particles 

being deposited in the benthos corroborates this ( 40cm, Figure 1 .6), as macrophytes 

trap fine fluvial sediments (Guimaraes et al. , 2000). Moreover, C and N content tends 

. to be low in macrophyte-dominated states compared to sediments in more advanced 

successional stages such as igap6s (Kalliola et al. , 1991 ). This explains the decline in 

values observed at 40cm in the Araipa profile when compared to the deeper parts ( at 

80cm) of the profile (Figure 1.4). 

The shift from a low to a high connectivity state is contrary to natural successions, 

which typically move from a macrophyte-dominated state (high) towards an igap6-

dominated state (low) over time, suggesting that the boundary was disturbed between 

80 and 40 cm of depth either by human intervention (e.g., slash and burning of 

igap6s) or extreme hydroclimatic events (e.g., flood, natural fire , bank erosion). 

Indeed, such events have been shown to return the boundary to an initial successional 

stage elsewhere in the Amazon (Junk et al. , 2011 ; Salo et al., 1986; Worbes et al., 

1992). The current state of the Lake Araipa boundary further corroborates this, as it is 

presently occupied by pioneering Cecropia species that are indicative of an external 
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disturbance of the floodplain vegetation (Worbes et al. , 1992). Similar successional 

stages are present at the boundary of both Cupu and Brasilia lakes, suggesting there 

may have been similar historical disturbances that occurred, although this cannot be 

confirmed with the current dating technique. 

Local anecdotal evidence of the history of lpanema Lake, where C content and 

atomic C/N profiles (Figure 1 .4) and visual indicators of texture are similar to that of 

Araipa Lake, can further support the floodplain boundary shift explanation. Although 

this sample was not dated, this lake likely has a sedimentation rate similar to that of 

Born Intento Lake, based on their proximity and similar size, topography, 

connectivity, and soils of these watersheds (Figure 1. 1 and Table 1. 1 ). As such, the 

same transition in C and density observed in Araipa Lake that happened long ago, 

may have only occurred about 20 to 30 years ago in Ipanema Lake (20125cm, Figure 

1 .4 ). According to local residents, I pan em a Lake' s igap6 forests were burnt down to 

open the area for grazing in the late 1980s. Land-cover change in the lpanema basin 

confirms this: about 45% of forest cover was lost in the riparian zone3 between 1989 

and 1997. According to one resident, there was a particularly strong flood pulse 

during the wet season that followed the opening of the lake-river boundary, which 

could further alter local riparian ecology. With an elliptical lake shape (Table 1.1), 

the effect of the first flood would be more forceful than a dendritic lake. Pieces of 

charcoal and burnt wood were also found in the lpanema core at about 25cm in depth, 

corresponding to changes in the stratigraphy (i.e. , more clayey sediments from 

increased connectivity), as with the Araipa core. 

3 We considered the riparian zone to be a 100m buffer zone around the lake limits. Calculated 
using LULC data from Rozon et al. (2015). 
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The riparian zone and lake-river boundary of lpanema Lake is currently in an initial 

stage of succession with herbaceous macrophytes dominating, paralleling the Araipa 

core. Currently, fire suppression by local residents maintain the macrophyte-

dominated state. Notably, the Torbias core exhibits similar trends in C and C/N 

profiles and textural indicators (visual as well as density and water content measures), 

with high organic matter content and debris in the deepest layers of the core. The 

lake-river boundary of this lake is highly permeable and occupied by macrophytes, 

thus further corroborating the links between connectivity, floodplain vegetation, and 

sedimentation patterns. 

The relationship between Hg profiles and shifts in floodplain vegetation/connectivity 

are less clear. At the surface of all samples, Hg and C follow similar profiles (Figures 

1.3 & 1 .4), pointing to organic matter, most likely from terrestrial sources bonded to 

soil particles (from terra firme deforestation), as a primary vehicle of sedimentary 

accumulation of Hg (Belanger, 2012). Deeper in many cores, sedimentary Hg 

concentrations and accumulation rates fluctuate but always remain about a baseline 

value, which is likely due to historical hydroclimatic variability as aforementioned. 

As such, changes in terra firme vegetation, more so than changes in the lake-river 

boundary should be the primary influence on Hg deposition patterns at the surface, 

with sources being primarily from the local drainage basin rather than the Tapaj6s 

River. 

1.5 Conclusion 

This study points to sharp and significant enrichment of Hg towards the surface 

sediments of all sampled lakes, with the exception of Torbias Lake. According to the 

results of the geochronological analysis, the enrichment began in the 1920s, but Hg 
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sedimentary accumulation rates only underwent significant acceleration after the late 

1960s/ 1970s. The majority of surface Hg loadings in lake sediments are due to the 

erosion of soil particles following land-cover change in local drainage basins, mostly 

the conversion of primary forests to extensive pastures and croplands. In addition to 

the anthropogenic impact on sediment deposition and geochemistry, naturally 

occurring hydro-climatic cycling and events influence surface Hg sedimentary 

dynamics. The relative contribution of anthropogenic and natural factors to increased 

Hg accumulation cannot be concluded from this study, as the changes in external 

climate variables very often correspond in time to changes in internal social and 

ecological variables (i.e. , population and land-cover); although, recognizably, the 

difference between anthropogenic and natural factors is not always so clear ( e.g., 

climate change). Nonetheless, it does appear that natural and anthropogenic factors 

are working together to exacerbate conditions that favor deposition of Hg in benthos, 

at least in recent years. In some basins, there may have been important shifts in 

floodplain vegetation, which alter the permeability of the lake-river boundary over 

time and, thus, influence the biogeochemical dynamics of sediments and the water 

column. 

The basins and lakes considered in this study can be thought of as systems, with 

internal elements such as soils, vegetation, and human inhabitants, and external 

elements, such as climate, hydrology and land-use and development policies. Both 

external and internal elements influence surface Hg enrichment as well as other 

sedimentary dynamics at the surface layer and deeper in some cores. From this 

perspective, there are implications for the management of floodplain ecosystems and 

human health. In particular, watershed managers at various levels (from the sub-basin 

to the entire Tapaj6s River Watershed level) can coordinate local and regional-level 

actions to reduce the transition of forested areas to pastures and take measures to 
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protect soils from rainfall and extreme flooding. These actions could help manage the 

flux of Hg into the aquatic ecosystems. 
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CHAPTER II 

DEVELOPMENT OF A PREDICTIVE MODEL FOR ATT ALEA PALM 
PRESENCE AND DENSITY USING SPOT SATELLITE IMAGERY: A 

CONTRIBUTION TOW ARDS CHA GAS DISEASE MONITORING IN THE 
TAPAJOS RIVER REGION, BRAZIL 

Jordan Sky Oestreicher, Marc Lucotte, Eric Delaitre, Marion Quartier, Robert 
Davidson, Frederic Mertens, Christina Romana 

Abstract: Certain palm trees of the genus Atta/ea (Arecaceae family) are key in the 
eco-epidemiological cycle of Chagas disease, an emerging health risk in the Amazon. 
In this region, where land-cover is rapidly changing and areas are often difficult to 
access, public health monitoring endeavors could benefit from rapid methods for 
mapping Atta/ea palms. We propose, test and validate a model for the presence and 
density of palm trees using SPOT satellite imagery, in combination with data 
collected from field visits and high resolution Google Earth imagery, in the Tapaj6s 
River region of the Brazilian Amazon. A radiometric approach was adopted, whereby 
the spectral signature similarities of a training dataset were grouped into 10 unique 
clusters using a hierarchical cluster analysis. The resultant clusters were used to guide 
a supervised classification of the SPOT imagery, using the maximum likelihood 
method, into 10 land-use/land-cover classes. To model and validate palm presence 
and density with in each class, logistic regressions were applied using the training 
dataset. Following this, validation of the model with a separate dataset demonstrated 
that the predicted probability of palm presence for all 10 classes falls with in the 95% 
confidence intervals. As such, the model provides a good predictor of palm presence 
probability and is a promising spatially explicit platform with which other data could 
be combined, such as Chagas vector dispersion models and transmission rates. 

Keywords: Atta/ea palm trees; modeling; land-use/land-cover classification; SPOT 
satellite imagery, Chagas disease, Brazil 

Prepared for submission to: Geospatial Health 
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2.1 Introduction 

Palm trees of the genus Atta/ea (Arecaceae family) are endemic to the tropical 

lowland forests of Central and South America and are an essential part of natural 

forest succession (Hecht et al. , 1988; Henderson, 1995 ; Henderson et al. , 1987). 

Certain Atta/ea also play a key role in the eco-epidemiological cycle of Chagas 

disease (Aguilar et al. , 2007; Gaunt et al. , 2000; Romana, 2007; Romafia et al. , 2003), 

specifically A. maripa (Aubl.) Mart. 1845 (Inaj~), A. speciosa Mart. 1826 (Baba9u), 

and A. phalerata Mart. ex Spreng. 1825 (Urucuri). These species are the primary 

natural ecotope for the blood-sucking insect of the genus Rhodnius (Hemiptera: 

Reduviidae) (Abad-Franch et al. , 2009; Abad-Franch et al. , 2005), the main vector of 

Trypanosoma (Schyzotrypanum) cruzi (Chagas, 1909), which is the etiologic agent of 

the infectious disease (Prata, 2001 ). These palms have complex architectural features 

that create a favorable microclimate for the insects and their preferred sylvatic hosts 

(Abad-Franch et al. , 2005 ; Romana et al. , 2003). Atta/ea palm trees can thus be 

considered an ecological indicator of the epidemiological cycle of Chagas disease 

(Romana et al. , 2003). 

Up to 5 million people in the Americas are affected by Chagas disease (WHO, 2015), 

with transmission in the Amazon increasing over the last decades (Aguilar et al. , 

2007; Coura et al. , 2002; Teixeira et al. , 200 l ; Valente et al. , 1999). In areas of the 

Amazon where deforestation for agriculture and ranching is ongoing and extensive 

(Fearnside, 2006; Laurance et al. , 2001a; Malingreau et al. , 2012b; Rozon et al. , 

2015), high density stands of adult Atta/ea palms have been observed, likely due to 

land management practices and rapid forest disturbances (Hecht et al. , 1988; Mitja et 

al. , 2001 ; Salm, 2005 ; Salm et al. , 2005; Silva, 2008). This is in sharp contrast to 

undisturbed forested areas, where mature, adult palms tend to be found in lower 
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densities (Hecht et al. , 1988; Kahn et al. , 1988; Salm, 2005 ; Shimbo, 2013) -

although juveniles are often abundant in the understory. 

In light of the emerging risks of Chagas disease in the Amazon, it is of interest to 

public and environmental health to rapidly map Atta/ea palms in this region, which is 

characterized by dynamic and changing land-cover and remote and difficult to access 

areas. While there are multiple endeavors towards vector mapping (Abad-Franch et 

al. , 2010; Arboleda et al. , 2009; Sanchez-Martin et al. , 2006; Townsend Peterson et 

al., 2002), there is currently a lack of models for mapping the primary ecotope of the 

disease vector, Atta/ea palms (Quartier et al. , in progress). Indeed, research on Atta/ea 

has focused sharply on their ecology in small, local forested sites in the Amazon 

(Barot et al. , 2005; Cintra et al. , 2005 ; Gonyalves, 2010; Gregoire, 2010; Peres, 1994; 

Salm et al. , 2005; Shimbo, 2013), as variable control and statistical sampling designs 

are often unfeasible with in changing, human-dominated landscapes. Yet, these 

studies are limited because they cannot be extrapolated and scaled-up to the regional-

level. Other researchers have proposed promising spatial modeling approaches for 

rapid Atta/ea palm identification using satellite imagery (Affonso et al. , 2005; Silva, 

2008; Thales, 2001 ), although the models fall short in the context of Chagas disease 

risk monitoring, du_e to difficulties identifying areas with low density palm stands, or 

they are lacking model validation. 

Toe present work thus proposes and tests a new method to spatially model and map 

Atta/ea palm tree presence and density in different land-cover types in the changing 

Amazon region. We undertake a SPOT5 satellite imagery classification and model 

verification using ground-truth data collected in 2009 and 2012, and high-resolution 

Google Earth imagery. 
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2.2 Methods 

2.2.1 Study Site 

This study was undertaken in the lower Tapaj6s River region (Figure 2.1) in the state 

of Para, Brazil as part of the PLUPH (Poor Land Use, Poor Health) project, a large 

interdisciplinary study on health and land-use that was carried out between 2008 and 

2012 (http://www.pluph.ugam.ca). The climate in the region is hot and humid, with 

mean temperatures of 27°C and annual average precipitation is around 2200 mm -

most of which falls during the rainy season (ZEE, 2005). As such, the region ' s water 

bodies are lined by floodplains with unique vegetation composed of flooded forests 

(igap6s) and a large diversity of macrophytes (aquatic plants) mixed with areas of 

sandy banks (EMPRAPA, 2007; Junk et al. , 2011). Upland (terrafirme) vegetation is 

typically dominated by sub-montane open forest (jloresta ombr6fila aberta 

submontana) (EMPRAPA, 2007), although large-scale human activities over the last 

50 years have converted these forests to grasslands for livestock grazing and crops for 

agriculture (Fearnside, 2006; Rozon et al. , 2015). 
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Figure 2.1 The Tapaj6s River region. The study region box indicates the area 
delimited by the SPOTS satellite imagery used in this study 



110 

2.2.2 Methodological approach 

In order to map Atta/ea palm presence in the region using remote sensing techniques, 

a unique methodological approach was taken (Figure 2.2). 

Photo interpretation of Google E;.:;i:;-] 
imagery 

Ground truth data collection 

Ground truth data 

D.1ta fron~ R:;;_o-;;;,-a/. (2015 ) 1...----

fro!_n ~cg~irc a~_(submi_!!cd)_V 

Compiled ROI tr.iining dataset 

Hierarchical Cluster Analysis of ROI dataset 

Logistic regression modelling 
Presence-absence pr bability prcdi tions 

D n ity probability predictions 

C~~,ii.;, vahd,Hoa ,,.,,;; 
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Figure 2.2 Flow chart of the methodological approach adopted in this study. 
White boxes indicate data sources and types; dark grey boxes indicate imagery 
analyses performed with ENVI 5 software; light grey boxes indicate statistical 

analyses performed with R software. 
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2.2.3 Satellite imagery selection 

Firstly, the SPOT (Systeme Pour /'Observation de la Terre) satellite imagery 

catalogue (http://sirius.spotimage.fr) was queried for images captured between 2009 

and 2012 with minimal cloud cover (under 20%) and corresponding to the selected 

study region. A SPOTS multispectral image with a spatial resolution of 1 Om and a 

panchromatic image with a 2.5m resolution were chosen. These images, both 

captured on 06/19/2009, were the only available images corresponding to the 

selection criteria. They were graciously provided by the SEAS-Guyane Project 

(http://www.seas-guyane.org). The SPOT imagery with 10m2 pixels was chosen 

because it should provide sufficient coverage of individual palms in the region, given 

that the mean crown diameter of mature (adult) Atta/ea palms is anywhere from 1 Om 

- 13.5m (but can be over 20m) depending on the species (unpublished data, over 350 

surveyed palms in various land-cover types). 

2.2.4 Training dataset compilation 

1n order to undertake a supervised classification of the selected SPOT imagery, a 

training dataset with Regions of Interest (ROI) was compiled from various sources 

(Figure 2.2). This is a purposive sampling strategy that seeks to digitize areas of land-

use and land-cover types that are existent in the region that are of specific interest to 

this study. To digitize ROI polygons of the training dataset, the following guidelines 

were used: a) the type of vegetation or land-use with in a single polygon should be as 

uniform as possible; b) and the area of the ROI polygon should be equivalent to at 

least 5 pixels of the satellite image being classified, so as to have more pixels than 

number of spectral bands being analyzed. The SPOT multispectral image has four 

bands: green, red, near infrared and short wave infrared; as such, the target area for 
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ROis in this study is at least 50m2 (10m pixel size * 5 pixels). All digitizing 

procedures were undertaken with ArcGIS® software by Esri or the open-source GIS 

platform, QGIS 2.6 (QGIS Development Team, 2012). 

Firstly, about 50. ground truth observations of vegetation types and land-cover were 

collected in 2008 and 2009 by the authors of this study. The geographic location of 

each observation was documented using a hand-held Garmin GPS device, a 

description of the local vegetation/land-cover (Table 2.1) and soi ls was noted 

(including the presence of any Atta/ea palm species, with their growth stage noted 

when possible); photographic documentation was also taken whenever possible 



113 

Table 2.1 Descriptions of Land-cover types of the ROI training dataset, compiled from fie ld data and photo-
interpretation of Google Earth imagery. Annex B contains photographic evidence and further descriptions. 

Land-cover Description 

Includes areas with dense stands of large terra firrne tropical trees, with presence of lianas and extensive canopy cover and few mature 

Mature upland forest Attalea palm trees (understory juveniles may be abundant). This vegetation is comm on in upland areas (Terra Finne) that have not been 
considerably exploited by human activities . May include primary forests that have been fragmented and exploited (e.g. selective 

extraction of precious timber) by human acti vities as well as extensive tracts of un exploited primary forest (Figure 8 .1 ) 

Stands of large tropical trees that are suited to seasonal indundation, includes presence of various species of palm trees. This type of 
Mature seasonally flooded forest (igap6) vegetation is common at the riparian zones of the river, lakes and canals that have not generally been exploited by human activities 

(F igure 8 .2, Annex 8 ) 

Secondary fl ooded forest succession Stands of low-lying seasonally inundated trees and shrubs typically found in areas that have have been exploited by human acti vities, 
usually either agriculture or ranching (Figure 8.3, Annex 8) 

Initial secondary forest succession (with Areas of low-lying shrubby plants, small trees, limited presence of grasses. Includes mature and juvenile Attal ea palm trees. This 
and without Attalea palms) vegetation exists anywhere from 2 to 7 years fo llowing exploitation for agricutlure or cattle grazing. (Fieure 8 .5, Annex 8 ) 

Advanced secondary forest succession Areas with mixed vegetation of large and small upland tropical trees, as well as the presnece of mature and j uvenile Attalea palm trees. 
(with and without Attalea palms) These area exist anywhere from 8 to 25 years post-exploitation for agricutlure or cattle grazing (Figure 8 .6) 

Very advanced secondary forest succession Areas with large upland tropical trees, as well as the presnece of mature and juvenile Attal ea palm trees. These area ex ist 26 years and 
(with and without Attalea oalms) more oost-exoloitation for agricutlure or cattl e grazing and resemble primary upland forest (Figure 8 .6) 

Dense palm cluster Dense clusters of Attalea palm s that may be surrounded by various other vegetation types, such as low-lying grasslands or in secondary 
successional growth (Figure 8 .9) 

Grasslands (with and without Attalea Areas with low-lyi ng herbacious vegetative cover (grasses), some small patches of exposed soi l may be present. Attalea palm trees exist 
palms) in these areas in low to medium densities (Figu re B.7). Typically areas are used for livestock grazing. 

Shrubby grasslands (with and without Primarily herbacious vegetation (grasses) mixed with of shrubs and (limited) small trees. Attalea palm trees are present in these areas in 
Attalea palms) low to medium densities (Figure 8 .8). Typically areas are used for livestock grazing 

Exposed soil s Areas with very limited or no vegetative cover (Figure 8 .10). These areas may be associated to intense livestock grazing, dirt roads, or 
areas around communities/towns (i.e., exposed soil s around homes) 

Macrophytes Diverse species of aquatic plants found in seasonally inundated areas of lakes, canals and the riverbanks. Species vary greatly, with some 
resembling more closely grasses, while others are larger and leafy (Figure 8 .4) 

Water/seasonally fl ooded soil s Includes various bodies of water, such as the river, in-let lakes, canals and inland ponds and streams. May also include areas that are 
seasonall y flooded soils. 



114 

Secondly, four high-resolution DigitalGlobe Quickbird images were accessed from 

the Google Earth historical imagery database (Figures 2.2 & 2.3) to expand the ROI 

training dataset. Through photo-interpretation of the high-resolution imagery, a 

dataset of over 360 ROI areas were identified. In order to overcome the logistical 

challenges and limited access of the region, photo-interpretation was chosen as a 

means to expanding the ROI dataset and was particularly useful for rapid geo-

referencing of palm trees (Figure 2.3). 

For each ROI identified with Google Earth imagery, observations on the type of 

vegetation/land-cover were made (Table 2.1 , Figure 2.3), including the approximate 

percent cover of different vegetation types (trees, shrubs/bushes, grasses, exposed 

soils, and palms). Agriculture was not included in these categories because it is a 

seasonal and rapidly shifting land-use. Depending on when the crop was planted, the 

vegetation can have spectral similarities to exposed soils, grasslands, or initial 

secondary forest regrowth. When applicable, the number of palms with in a delimited 

area was also counted; palms are easily identifiable in high-resolution images due to 

their specific crown morphology (Figure 2.3) (Corbane, 2000). 
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Figure 2.3 (a) Google Earth snap shot, indicating the positions of the four 
high resolution DigitalGlobe Quickbird images used to generate the region of 

interest (ROI) training dataset. The white square shows the limits of the SPOT 
imagery. Examples of photo interpretation: (b) delimitation of palm trees in 

areas of low herbaceous vegetation, (c) palms in areas of low herbaceous 
vegetation with presence of shrubs and initial secondary regrowth, (d) palms in 
areas of dense palm stands in advanced secondary regrowth, (e) primary forest 

(t) and secondary forest regrowth 

Note: The numbers on the Google Earth snap shot correspond to the Q uickbird images used. 
Image 1 is a panchromatic image with 65cm spatial resolution taken on 6/3/2011. Images 2, 
3, and 4 are multispectral images with a 2.6m spatial reso lution. Image 2 was taken on 
6/7/2010; Image 3 was taken on 6/7/2010; Image 4 was taken on 11 /24/2011. 

\ 
\ 
\ 
\ 
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Accurate photo-interpretation demanded that we build on our extensive knowledge of 

the region, in particular our understanding of land-cover transitions, land-use types 

and their respective geometry (Arima et al. , 2008; Arima et al., 2013; Rozon et al., 

2015; Walker, 2003). To further ensure accuracy of the ROis delimited with Google 

Earth imagery, validation with ground-truth data were undertaken for the first 10 

observations. Care was taken to georeference and geocorrect the Google Earth data 

using clear visual landmarks, such as roads, to the WGS 84 datum and the UTM Zone 

21 S projection. Finally, all RO Is were triangulated through visual comparison with 

the pan-sharpened SPOT image, which was produced using the HSY algorithm and 

the panchromatic SPOT image with a 2.5m spatial resolution. This latter part of the 

procedure was essential to ensure that the vegetation and land-use/cover types 

identified in the Google Earth imagery were the same as those identified in the 

selected SPOT imagery, especially given the short time gap between the sources 

(2010/2011 and 2009 respectively). Data collected from the 2011 image were limited 

to areas that had not substantially changed in vegetation since 2009 - including areas 

of grasslands with and without the presence of palms, primary forest, and flooded 

forests (Table 2.1 ). All analyses were carried out using the image processing software 

ENVI® version 5.0 (Exelis Visual Information Solutions, 2015) and the open-source 

GIS platform QGIS version 2.6 (QGIS Development Team, 2012). 

2.2.5 ROI spectral signature profile extraction 

The spectral signature profiles for all ROI polygons in the training dataset were 

extracted from the SPOTS multispectral image using ENVJ®. With in each polygon, 

the average band value was calculated. 
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2.2.6 Hierarchical Cluster Analysis and ROI separability analysis 

We adopted a radiometric-based approach, whereby the ROI training dataset was first 

partitioned into unique clusters based on their spectral similarities; this in contrast to 

many other commonly used approaches that partition the training set into groups 

based solely on field observations of vegetation and land-cover. The clusters were 

then used to guide the supervised classification, with each cluster corresponding to a 

land-use/land-cover (LULC) class. Such an approach is of interest in this case, 

because preliminary exploration of the SPOTS image indicated that spectral band 

values could be variable even for ROis with similar ground-truth vegetation/land-

cover observations (Table 2.1 ). 

As a first step, the spectral signature profiles of the ROI training dataset were subject 

to a hierarchical cluster analysis using the Ward's minimum variance method 

(Murtagh et al. , 2011) and a dendrogram (classification tree diagram) was generated. 

The ROis were then partitioned into 8, 9 and 10 clusters using the k-means horizontal 

splicing procedure. These analyses were carried out using the stats package, available 

in the open-source statistical software R version 3.1.0 (R Core Team, 2012). 

Secondly, a separability analysis was performed on the cluster partitions, using 

ENVI®. This procedure quantifies the extent to which each cluster is distinct from 

other clusters, but can also quantify differences between individual ROis with in a 

given cluster. It thereby assists in validating the cluster analysis and choosing the 

ideal number of clusters. Both the Jeffries-Matusita and Transformed Divergence 

separability measures were calculated. RO ls with values of more than 1.9 were noted 

(indicating good separability), while ROis returning values lower than 1.3 were re-

examined. 
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Finally, an analysis of the distribution of the vegetation/land-cover types (Table 2.1) 

across the clusters was performed. A two-way contingency table was generated for 

vegetation/land-cover types and the assigned cluster partition (8, 9, or 10 clusters). A 

mosaic plot was then created and a Pearson 's test of independence was applied using 
I 

the vcd package (Hornik et al., 2006), also available in R. Upon examination of the 

dendrogram, the separability analysis results, and the contingency tables, the ideal 

number of clusters was chosen to maximize the distinction between groups of ROis 

without redundancy. 

2.2. 7 SPOTS supervised classification 

The multispectral SPOTS image was subject to a supervised classification using the 

clustered ROI training dataset. The Maximum Likelihood Classification method was 

applied, following manual removal of cloud cover and cloud shadows. The procedure 

was undertaken with the ENVI®. 

2.2.8 Logistic Regression Models and predicted probabilities 

Once the supervised classification was completed, a logistic regression model was 

developed to estimate the probability of palm tree presence in each class that was 

generated by the SPOT imagery classification. Logistic regression is a type of 

generalized linear model that is suitable for discrete, binomial response data ( e.g., 

palm tree presence-absence, derived from the ROI training set observations) and 

continuous or categorical predictor variables (e.g., classes) with no assumption about 

their distribution. To test the significance of the predictor variables, a Wald test was 
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performed, where a significant z-score indicates that the variable is a good predictor. 

A Likelihood Ratio Test was then used to test the overall model significance, the null 

hypothesis being that the model is a good fit (high p-value indicates not rejecting the 

null; that is, the model is a good fit). The probability of palm presence in each of the 

10 LULC classes was then calculated using the proportional odds of the logistic 

model output. This analysis was performed using the rms package (Harrell Jr, 2013), 

available in R. 

An ordinal logistic regression model was then used to predict the probability of 

having low, medium, or high density palms trees in each of the 10 classes. This type 

of logistic regression is suitable for ordinal response data (e.g. , palm tree density, 

derived from the ROI training set observations) and continuous or categorical 

predictor variables (e.g., the classes) with no assumption about their distribution. The 

response data for logistical regression was generated from the ROI training set as 

follows: palm counts were coerced into categorical data by first calculating the 

density (palms/km2
) using the area (kni2) of the ROI polygon and the number of 

palms counted with in a given polygon. Following an examination of the distribution 

of the palm density data, three categories were created: 3000 - 7500 palms per km2 

(low density), 7501 - 15000 palms per km2 (medium density), 15001 - 30000 palms 

per km2 (high density). The Wald test and a Likelihood Ratio Test were performed on 

the ordinal logistic model. The probability of palm density categories in each of the 

10 LULC classes was then calculated using the proportional odds of the model 

output. This analysis was performed with the MASS package, available in R. 
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2.2.9 Model validation 

A validation of the palm presence-absence model was undertaken using a new set of 

data compiled from three separate field sources (Figure 2.2). Firstly, in their study to 

map historical land-cover changes in the study region, Rozon et al. (2015) collected 

over 200 ground truth data points in 2009 each with detailed descriptions of the 

vegetation and indications of Atta/ea palm species presence. Similarly, Gregoire 

(20 I 0) documented the presence of Atta/ea palm species at 45 points in the study 

region in 2008 in their study on edaphic variation and palm ecology. Finally, the 

authors of the present study underwent a supplementary round of data collection in 

2009, documenting another 300 points of palm presence in 2012. All palms that were 

documented in grasslands and early secondary successions in 2012 were mature 

(producing fruit) and thus are presumed to also be present in the landscape in 2009 

(when the SPOT imagery was taken). Similarly, all palms observed in advanced 

secondary and mature forests were mature (fruiting) and reached the canopy top. 

Given that we are concerned primarily with validating presence of palms rather than 

the type of vegetation, we assert that this latter data source is valid and useful. The 

predict function from the rms package was used to fit the validation data to the 

logistic regression model developed with the ROI data. 

2. 2.10 Land-use/Land-cover change 

To explore the relationship between the presence of palms and temporal landscape 

change, a land-use/land-cover (LULC) change dataset was compiled from Rozon et 

al. (2015) and Oestreicher et al. (2014) for four years (1975, 1989, 2001 and 2009). 

The land-use/land-cover data were coerced into LULC categories to simplify the 

analysis: 1) "humid" which includes seasonally inundated areas and water bodies, 2), 
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"active", which includes initial secondary regrowth (up to 2 years post-exploitation), 

grasslands/agriculture, exposed soils and urban areas; 3) "secondary", which includes 

areas of secondary succession more than 3 years post-exploitation; and 4) "primary", 

which includes fragmented and selectively exploited areas of primary forest growth. 

The SPOT classification was overlaid with the land-use/land-cover change data from 

Rozon et al. and Oestreicher et al.'s studies, performed in QGIS and a multiple 

correspondence analysis was performed with R, using the FactoMineR package (Le et 

al. , 2008). This multivariate analysis is conceptually similar to correspondence 

analyses, and is appropriate for categorical data. The method is based on the chi-

square distance between different data points, which are then used to calculate the · 

eigenvalues (Borcard et al., 2011). A biplot of variable eigenvalues allows the 

relationships to be quantified and visually examined and key structures in the dataset 

to be revealed (Borcard et al., 2011; Greenacre, 2010). 

2.3 Results 

2.3.1 ROI training dataset spectral similarities and clusters 

The hierarchical cluster analysis of the ROI training dataset, visual inspection of the 

dendrogram (Figure 2.4), and analysis of the two-way contingency table (Table 2.2, 

Figure 2.5) revealed that the partitioning the training set into 10 clusters provides a 

rich separation of spectral profiles while reducing redundancy among clusters (when 

compared to other partitions). 
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1 3 2 10 8 4 9 6 

Figure 2.4 Dendrogram (classification tree diagram) displaying the 
clusters of the RO I training dataset, as generated by the hierarchical cluster 

analysis. The arrangement of the branches (clades), represented as black lines, 
indicates the similarity of the ROI spectral signature profiles. The terminal ends 

of each clade (leaves) represent the individual ROis. Red lines represent the 
division of the ROI spectral signature profiles into 10 clusters. The 

corresponding class for each cluster is indicated in red. The height of the clade 
bifurcation indicates the extent of similarity between the clusters; thus, the 

greater the height, the greater the difference. 

5 

The dendrogram (Figure 2.4) indicates that there are clusters that, while distinct, 

contain very similar spectral profiles (e.g. , clusters 1, 2, and 3). The mosaic plot 

(Figure 2.5) and the contingency table (Table 2.2) demonstrate that these clusters are 

largely composed of humid areas, such as water bodies/flooded soils ( cluster 1 ), 

mature and secondary flooded forests , as well as dense, closed-canopy upland forests 

that are undisturbed by human activities (clusters 2 and 3). Likewise, clusters 5, 6, 

and 7 (also highly similar, Figure 2.4) are composed of shrubby grasslands, 

secondary forest succession, and palms (Table 2.2). However, deeper examination of 

these clusters through the Pearson's test of independence (Figure 2.5) indicates that 

there are statistically significant differences between vegetation types found in these 

clusters. That is, secondary forest succession (without palms) and dense palm clusters 
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are statistically most likely to be in found in cluster 5 (said otherwise, the difference 

in the distribution is not due to chance alone). On the other hand, grasslands with 

palms are most likely to be found in cluster 6, while shrubby grasslands are most 

likely to be found in cluster 7 (Figure 2.5). 
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Table 2.2 Results of the hierarchical cluster analysis. Observed land-cover/vegtation types (Table 2.1) were subdivided into 10 
unique clusters based on their spectral similarities. The repartition of land-cover types across clusters is expressed as percent 

total. For example, 100% of the RO Is that were grouped into cluster 1 are areas of water (land-cover #15) 

Vegetation & land-cover Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster 8 Cluster Cluster 10 1 2 3 4 5 6 7 9 
Mature upland forest 0.0 0.0 59.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Mature seasonally flooded forest 0.0 0.0 18.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Secondary tlooded forest succession 0.0 58.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Initial secondary fo rest succession (without palms) 0.0 0.0 0.0 0.0 22.4 0.0 21.7 4.5 0.0 0.0 
[nitial secondary forest succession (with palms) 0.0 0.0 0.0 0.0 38.8 0.0 21.7 0.0 0.0 0.0 
Advanced secondary forest succession (without 0.0 0.0 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 palms) 

Very advanced secondary forest succession (without 0.0 0.0 6.8 0.0 9.0 0.0 0.0 0.0 0.0 0.0 palms) 
Grouping of palms in high density 0.0 20.8 15.9 0.0 25.4 0.0 0.0 0.0 0.0 0.0 

Grasslands 0.0 0.0 0.0 25.0 0.0 0.0 0.0 57.6 84.6 0.0 
Grasslands (with palms) 0.0 0.0 0.0 0.0 0.0 69.2 0.0 19.7 0.0 0.0 

Shrubby grasslands 0.0 0.0 0.0 0.0 0.0 30.8 52.2 13 .6 0.0 0.0 
Shrubby grass lands (with palms) 0.0 0.0 0.0 0.0 0.0 0.0 4.3 4.5 0.0 0.0 

Exposed soils 0.0 0.0 0.0 16.7 0.0 0.0 0.0 0.0 15.4 100.0 
Macrophytes 0.0 20.8 0.0 33 .3 0.0 0.0 0.0 0.0 0.0 0.0 

Water/seasonally flooded soils 100.0 0.0 0.0 25.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total number of RO[ polygons 20 24 44 12 67 26 46 66 13 6 
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Figure 2.5 Mosaic plot of vegetation/land-cover types (refer to Table 2.2 
for descriptions) and their repartition among the ten clusters (refer to Figure 

2.3). The height of each cell indicates the relative frequency of vegetation types 
within a cluster. For example, cluster 1 is entirely made up of water (vegetation 

type #15, Table 2.2). The width of the cells indicates the relative number of 
observations in a cluster. For example, relatively few observed vegetation types 

are grouped into clusters 9 and 10. Following the Pearson's chi-square test, 
vegetation types that are significantly different from predicted values are 

highlighted in blue. When residuals exceed a critical value of 90%, the cell is 
light blue, when they exceed 99%, they are dark blue. 
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A notable result of the cluster analysis of spectral profiles is that some of the clusters 

are pure with respect to vegetation/land-cover types (e .g. , cluster 1 being composed 

only of water, cluster 10 being only exposed soils, Figure 2.5) or mostly pure types 

(e.g. , cluster 6 being grasslands and shrubby grasslands, or cluster 9 being exposed 

soils and grasslands, Figure 2.5). Other clusters, however, show high levels of 

heterogeneity and mixing, with three or more vegetation/land-cover types (see 

clusters 2, 3, 4, 5,7, and 8; Figure 2.5). Notwithstanding, the Pearson's test indicates 

that, in general, one statistically-significant vegetation/land-cover type is unique to 

each cluster. For example, cluster 4 is most likely to have macrophytes, or cluster 10 

is most likely to have exposed soils. The exceptions however, are clusters 8 and 9 (in 

which grasslands without palms are statistically significant in both clusters) and 

clusters 2, 3 and 5 (in which two vegetation types significant deviate from the 

predicted distribution). 

Vegetation types that contain palm trees are differentially distributed across clusters, 

with some clusters containing no palm trees at all (e.g. , cluster 1, 4, 9, and 10). While 

dense groups of palm trees are found in clusters 2, 3 and 5, this type of vegetation is 

only statistically more likely to be found in cluster 5 (Table 2.2, Figure 2.5). 

Likewise, grasslands with palms are found in both clusters 6 and 8, but it is only 

statistically significant in cluster 6 (Table 2.2, Figure 2.5), and secondary forest with 

palms is found in clusters 5 and 7, but it is only statistically significant in cluster 5. 
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2.3.2 Supervised Classification 

The classification of the SPOT imagery generated ten land-use/land-cover (LULC) 

classes, based on the hierarchical cluster analysis of ROI spectral profiles. The LULC 

classes are described in Table 2.3. 

2.3.3 Logistic regressions and probability modeling 

With in the two logistical regression models (binomial model for palm presence-

absence and an ordinal model for palm density data; Table 2.4), none of the 

individual classes from the classified SPOT imagery (Table 2.3) is a significant 

predictor of palm presence or palm density. 
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Table 2.3 Land-use/land-cover cl~sses extracted from the SPOTS imagery. 
Rules for the supervised classification were defined by the cluster analysis; as 
such, the 10 Land-use/land-cover classes correspond to the 10 clusters. The 

descriptions are based on the .observed land-cover types (refer to Table 2.1) and 
the repartition of these land-cover types across clusters (refer to Table 2.2). 

Class Land-use/Land-cover Description Palm presence 
1 Water No 

2 Secondary flooded forests (from 1 to 15 years regrowth) Presence of dense 
Leafy macophytes groupings of palms 

Mature upland forest and mature flooded forest (igap6) Presence of dense 3 Very advanced secondary forest succession (25 - 30+ groupings of palms years growth) 

4 Grassy macophytes with areas of exposed inundated No soi ls and sand 
Secondary forest succession (ranging from 5 to 20 years Presence of dense 

5 since exploitation) groupings of palms, as 
Fragments of mature upland forest exhibiting evidence well as stands in low 

of selective extraction and/or edge effects and medium densities 

Grasslands mixed with areas of shrubs and bushes Presence of palm tree 
6 Initial secondary forest succession (1 - 2 years regrowth) stands in low and 

medium densities 
Shrubby grassland with high levels of shrub/bush cover Presence of palm tree 7 Initial and advanced secondary forest succession stands at low densities (ranging from 1 to 15 years regrowth) 

8 Grasslands with areas of exposed soils Presence of palm tree 
stands at low densities 

9 Minimal cover of grasses and/or shrubs with exposed No soils with 
10 Exposed soils; urban and· built areas No 

The output from each model was then used to predict the probabilities associated to 

the presence-absence of palm trees in each class as well as the probabilities associated 

to low, medium and high densities of palm trees in each class (Table 2.5). Class 6 has 

a remarkably higher probability of palm presence than any other class, while classes 

1, 4, 9 and 10 have very low or zero probability of palm presence. For palm density 

data, the same general trend is noted, in that class 6 maintains the highest probability 

across all palm density categories. Interestingly, all classes exhibit the same tendency 
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of having the highest probability always associated with low-density palm stands and 

the lowest probability always associated to medium density. However, most predicted 

probabilities for medium and high-density palm stands are nearly the same in a given 

class, with each having less than 1 % difference in predicted probability. For example, 

finding medium and high-density palm stands in class 7 both carry a 1 % probability 

(when rounded). The only class with an important difference between predicted 

probabilities of med_ium and high density is class 6. Where it is notably more 

probable to find low and high densities in this class, when compared to medium 

densities. In general, none of the classes show a distinguished ability to predict 

having higher palm densities, compared to other classes. 
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Table 2.4 Logistic model output for palm presence-absence in the ROI training dataset. The Wald z statistic tests the 
significance of each predictor variable, while the goodness of fit test evaluates that overall model performance. Palm 

density categories correspond to 3000 - 7500 palms per km2 (low), 7501 - 15000 palms per km2 (medium), 15001 - 30000 
palms per km2 (high) 

Binomial logistic regression (palm presence-absence) Ordinal logistic regression (palm density) 

Coefficients Estimate Std. Error Waldz Pr(>lzl) Coefficients Estimate Std. Error t-value Pr(>ltl) 

( lntercept) presence -10.13 35.35 -0.29 0.77 (Intercept) low 16.6 1 210.85 0.08 0.94 

class 2 8.18 35.36 0.23 0.82 (lntercept) 
medium 17.37 210.85 0.08 0.93 

class 3 8.28 35.35 0.23 0.8 l ([ntercept) high 18.00 210.85 0.09 0.93 
class 4 0.00 57.73 0.00 l.00 class 2 14.77 210.80 0.07 0.94 
class 5 8.50 35 .35 0.24 0.81 class 3 14.82 210.80 0.07 0.94 
class 6 10.44 35 .35 0.30 0.77 class 4 0.00 994.30 0.00 l.00 
class 7 7.04 35.36 0.20 0.84 class 5 15.04 210.80 0.07 0.94 
class 8 7.62 35.35 0.22 0.83 class 6 16.44 210.80 0.08 0.94 
class 9 0.00 56.32 0.00 l.00 class 7 13.49 210.80 0.06 0.95 

class lO 0.00 73.59 0.00 1.00 class 8 14.10 210.80 0.07 0.95 
class 9 0.00 968.20 0.00 1.00 

class 10 0.00 114.80 0.00 1.00 
Goodness of fit ( chi- X2 = 49.65 p = <0.0001 Goodness of fit X2 = 52.2 p = 

square test) ( chi-square test) <0.0001 
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The predicted probabilities were then used to create maps of the region, spatializing 

areas with no palm presence, low probability of palm presence and high probability 

of palm presence (Figure 2.6). Two examples of such maps are given in Figure 2.6, 

one in the urban perimeter of the city of Itaituba (Figure 2.1 ), the other one in a rural 

region on the right bank of the Tapaj6s River, 55km downstream Itaituba. 

Table 2.5 Probability associated with the palm presence and palm densities 
in each of the 10 classes. The upper and lower limits of the 95% confidence 

interval (CI) indicated. Palm density categories correspond to 3000 -7500 palms 
per km2 (low), 7501 - 15000 palms per km2 (medium), 15001 - 30000 palms per 

km2 (high). 

Binomial logistic regression (palm presence- Ordinal logistic regression (palm density) absence) 

Class Probability CI 2.5% CI 97.5% Low Medium High presence 
1 <0.01 0.00 0.00 <0.01 <0.01 <0.01 
2 12.50 4.08 32.38 6.87 3.07 3.80 
3 13.63 6.25 27.19 7.14 3.21 3.98 
4 <0.01 0.00 0.00 <0.01 <0.01 <0.01 

5 16.41 9.33 27.26 8.46 3.90 4.93 
6 57.69 38.51 74.80 17.68 10.82 17.34 

7 4.34 1.08 15.78 2.24 0.93 1.09 
8 7.57 3.18 16.94 3.92 1.67 1.99 
9 <0.01 0.00 0.00 <0.01 <0.01 <0.01 

10 <0.01 0.00 0.00 <0.01 <0.01 <0.01 
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Probability of palm presence 
City of ltaituba lnle·t lake, rural region 

Figure 2.6 Map of areas in the study region with no probability of palm 
presence, according to the predicted probabilities as defined in Table 2.5. In the 
inlet lake, rural region map, the white area indicates no data (i.e., cloud cover 

that was removed from the imagery for classification) 
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2.3.4 Model validation 

Each of the probabilities for palm presence that was predicted with the validation 

dataset (Table 2.6) falls with in the 95% confidence interval indicated by the model 

(Table 2.5). Some classes are more likely to have a stronger predictive value, such as 

classes 3, 7, and 8. On the other hand, there is a tendency to under predict the 

probability of palm presence in classes 2 and 6, while class 5 demonstrates a tendency 

to over-predict palm presence. 

Table 2.6 Validation of the presence-absence logistic model, with predicted 
probability of palm presence using the validation dataset. The error represents 

deviance of the validation dataset probabilities from the training dataset 
probabilities, which can be found in Table 2.5 

Class Predicted Error Observations on prediction probability 
1 <0.01 0.00 -
2 2.00 -10.50 Lower limit, under-estimate 
3 14.86 1.23 Near mean, good prediction 
4 <0.01 0.00 -
5 26.43 10.02 Upper limit, over-estimate 
6 38.08 -19.61 Lower limit, under-estimate 
7 3.35 -0.99 Near mean, good prediction 
8 5.68 -1.89 Near mean, good prediction 
9 <0.01 0.00 -
10 <0.01 0.00 -
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2.3.5 Land-use/Land-cover change 

The relationship between land-use/land-cover change and palm presence (Figure 2. 7) 

demonstrates that actively used areas ( e.g., for ranching or agriculture) in the past 

(represented by the active.I 975, active.1989, and active.2001 variables) are in closer 

proximity to the palm.absence variable. On the other hand, areas that have been in 

secondary forest in the past are closest to the palm.presence variable. Variables that 

are in closer proximity are more likely to have similar variance, and are therefore 

more closely related than data that is further away. 

The relationship between land-use/land-cover change and palm density (Figure 2.8) 

demonstrates a similar pattern, with areas historically being used actively for 

production (in 1975, 1989, and 2001) being in close proximity to the Density.none 

variable, while areas in secondary forest (e.g., 2001.secondary, 2009.secondary) and 

areas recently converted to grasslands or crops (2009.active) are closer to the low and 

high density variables. The medium density variable is in proximity to primary forest 

cover over time, as indicated by the proximity of all primary variables. 
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Figure 2. 7 Multiple correspondence analysis of palm presence ( calculated 
from the SPOT classification results) and land-use/land-cover change over four 

years (1975, 1989, 2001, and 2009). The x-axis represents the first canonical 
dimension, and the y-axis represents the second dimension. The land-use/land-

cover change categories were extracted from Rozon et al. (2015) and Oestreicher 
et al. (2014) and are as follows: "Humid" includes seasonally inundated areas 
and water bodies, "active", which includes initial secondary regrowth (up to 2 
years post-exploitation), grasslands/agriculture, exposed soils and urban areas, 

"secondary" includes areas of secondary succession more than 5 years post-
exploitation, and "primary" includes fragmented and selectively exploited areas 

of primary forest growth 
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Figure 2.8 Multiple correspondence analysis of palm density ( calculated 
from SPOT classification results) and land-use/land-cover change over four 
years (1975, 1989, 2001, and 2009). The x-axis represents the first canonical 

dimension, and the y-axis represents the second dimension. The three density 
categories correspond to 3000 - 7500 palms per km 2 (low), 7501 - 15000 palms 

per km 2 (medium), 15001 - 30000 palms per km 2 (high). For land-use/land-cover 
change categories refer to Figure 2.7 
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2.4 Discussion 

2. 4.1 Predictive power and opportunities for model improvement 

In this study, a bottom-up, radiometric approach for the detection of palm trees in the 

Tapaj6s River region using SPOT satellite imagery yields promising results, in that 

we are able to predict areas where palms are present and absent, as well as provide a 

qualitative indicator of density. In areas of water, flooded soils, and macrophyte cover 

(corresponding to classes 1 and 4; Tables 2 & 3) there is no probability of adult palm 

presence, nor in areas where vegetative cover is limited, such as areas with exposed 

soils or urban areas (corresponding to classes 8 and 9; Tables 2 & 3). Palm trees, 

however, are present in all other landscape types, echoing findings of other studies 

that use remotely sensed data in other areas of Brazil (Corbane, 2000; Oszwald et al., 

2010; Silva, 2008; Thales, 2001) or fine-scaled, ecological surveys (Gorn;alves, 2010; 

Gregoire, 2010; Henderson, 1995; Shimbo, 2013). 

Among the classes with a probability of palm presence, however, palms other than 

the three Atta/ea targeted in this study (Inaja, Babac;u, Urucuri) may be present. For 

example, deeper examination of ground truth observations and validation data 

demonstrates that about 43% of the palms observed in class 2 are likely to be Ac;ai 

(Euterpe oleracea, Mart) or Bacaba (Oenocarpus bacaba, Mart), two species that are 

found in swampy areas of mature forests or along the banks of rivers and streams. 

With high-resolution imagery, Ac;ai and Bacaba tend to be easily identifiable (Figure 

2.3), although other palm species are also present in flooded areas - which class 2 is 

largely made up of (Table 2.3). These palms include Jauari (Astrocaryum jauari, 

Mart) that are commonly observed on the seasonally flooded islands and riverbanks 

of the Tapaj6s, as well as Buriti (Mauritia vinifera, Mart) that are commonly found in 
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inland swamps where the water table is close to the surface. Notwithstanding, 

ground-truth data confirm that some Atta/ea species are also grouped into this class, 

although the proportion cannot be determined with the current data. 

Similarly, Tucuma (Astrocaryum tucuma, Mart. , Astrocaryum aculeatum, G.Mey) 

and Astrocaryum gynacanthum (G.Mey), are upland palm species present in the 

regions' primary and secondary forests, as well as open grasslands (corresponding to 

classes 4 - 8) (Dias et al. , 2014; Shimbo, 2013). A. gynacanthum tends to flourish in 

shady understories, so it is not likely observable from remotely sensed data. Tucuma 

palms, on the other hand, are found in grasslands, thus the spectral signatures and the 

photo-interpretation of this palm may not make it distinguishable from the three 

Atta/ea palm species. Field surveying indicated that Tucuma accounts for only about 

2% of palms observed in upland (terrafirme) areas. Likewise, A. gynacanthum was 

observed only two times out of more than 350 surveyed palms - although this palm 

may be abundant in closed mature forests in the northern regions of the Tapaj6s 

(Shimbo, 2013). Given that these palms are rare occurrences in the landscape relative 

to the three Atta/ea palm species targeted in this study (Gregoire, 2010; Quartier, 

2012), we conjecture that the classes with palm presence are primarily made up of 

Atta/ea species (class 2 excluded). 

The model as is, predicts probabilities of palm presence and palm density, with most 

classes having very low probabilities (Table 2.5). While this is useful in and of itself, 

increasing the discriminatory power of the classes - by generating classes with very 

high or very low probabilities of .presence and density - would render this a more 

powerful prediction tool. With this in mind, the model presented in this study could 

benefit from various improvements. For example, SPOTS has a low spectral 

resolution, containing only 4 bands, which limits its ability to detect variations in 

land-use/land-cover, particularly in areas with complex and structurally diverse 
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vegetation such as the Amazon (Lu et al. , 2008). Indeed, this may be an underlying 

cause of the mixing of vegetation types across classes (Table 2.3). Increasing the 

number of bands in analysis, by including the NDVI for example, can improve 

classification results (Affonso et al. , 2005). Additionally, merging SPOT imagery 

with other remotely sensed data, such as Landsat TM imagery, with higher number of 

spectral bands can also improve the accuracy of vegetation detection (Asner-et al. , 

2003 ; Porder et al. , 2005) - although this presents additional data management 

challenges and the spatial resolution of this data source (30m2 pixel size) is a limiting 

factor. 

The use of object-oriented classification methods (as opposed to traditional pixel-

based methods used in this study) and analysis of non-spectral features , including 

shape and texture, could prove useful in accurate identification of palm species and 

other vegetation. These classification methods are of interest, given that the Atta/ea 

palms targeted in this study (lnaja, Baba9u, Urucuri) have a distinct crown shape 

when mature, which is easily detectable in open grassland areas ( e.g. , Figure 2.3b ). 

Indeed, other studies have shown that such geoprocessing techniques can provide 

accurate classification of complex tropical vegetation, including the detection of palm 

species (Corbane, 2000; Lu et al. , 2007; Oszwald et al. , 2010; Silva, 2008; Thales, 

2001). Again, however, the spatial resolution of the data source is an important and 

limiting factor, given that the Atta/ea palms in grassland areas (pastures) can have 

diameters as low 2m, due to land-management practices ( e.g., manual trimming of 

leaves or burning events), rendering these specific palms difficult to detect with a 

spatial resolution of 10m. Notwithstanding, the present model does predict palm 

presence in grasslands quite accurately (Table 2.6, see classes 7 & 8), so an increased 

spatial resolution of the raw SPOT data, through a pan-sharpening of the 

multispectral image with a panchromatic image for example, may not bring about 

significant improvements. 
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The detection of the three Atta/ea palm species in closed, forested areas also presents 

some challenges. Model predictions for advanced secondary forests and 

fragmented/degraded mature upland forest (class 5, Table 2.6) and other mixed 

secondary growth ( class 6, Table 2.6) is less accurate compared to other classes. The 

vegetation in these parts of the landscape is more complex than in homogenous open 

pastures; consequently, the spectral signatures of the land-cover are mixed. The 

detection of palms under such conditions, using only radiometric data, is a challenge, 

which could be a source of the error. On the other hand, the model predicts palm 

presence in mature upland forests well (class 3, Table 2.6). There is, nonetheless, 

likely to be some error as many palms do not surpass the forest canopy, making them 

difficult to detect using remotely sensed data alone (Barot et al., 2005; Cintra et al. , 

2005). Field surveys in the same region indicate that most of the Atta/ea are in the 

shady understory as juveniles or seedlings that will grow only once luminescence 

increases following a forest gap or clearing event (Cintra et al. , 2005; Salm, 2005; 

Shimbo, 2013; Svenning, 1999). This is important in the context of Chagas disease, 

as adult palms are more likely to harbor the insect vector due to their specific 

architecture (Abad-Franch et al., 2005). 

Other studies have found that Atta/ea presence is associated to physical landscape 

variables, such as topographic variation (Kahn, 1987; Quartier, 2012; Silva, 2008) 

and edaphic characteristics (Gregoire, 2010; Kahn et al. , 1985; Peres, 1994; 

Svenning, 2001). As such, elevation and soil physiochemical data could further 

improve the predictive power of the model, potentially allowing for fmer-scaled 

forecasting at the species level. On the other hand, Atta/ea densities are more closely 

linked to human-activities (Anderson et al. , 1991; Hecht et al., 1988), including the 

time since the area was deforested. 
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Likewise, researchers and rural land-users alike have purported that land-

management practices are related Atta/ea presence in the landscape (Anderson et al. , 

1991; Barot et al. , 2005; Mitja et al. , 2001). This assertion is further substantiated by 

the correspondence analyses (Figures 2.7 & 2.8), which suggest that areas that have 

historically been in crop-fallow rotations tend to have palms present. Indeed, frequent 

and multiple disturbances (due to natural fires, short crop-fallow cycling, or selective 

suppression of secondary growth with fire) can promote the growth of Baba9u palms 

in high densities, as they are particularly fire resistant and seedlings are able to 

(re)sprout following fire damage (Anderson et al., 1991 ; Jackson, 1974; Mitja et al., 

2001 ). In ranching areas, germination may further be activated by the cattle trampling 

the seeds into the ground (Mitja et al. , 2001). Indeed, areas that are actively used for 

ranching in 2009 tend to have high densities of palms (Figure 2.8). On the other hand, 

the correspondence analysis suggests that areas historically used for ranching or 

agriculture over longer periods of time (1975, 1989, and 2001) tend to be absent of 

palms (Figure 2.7). It can be surmised that this is due to growth suppression practices 

undertaken by farmers , including the manual and mechanical cutting and/or 

extraction of palms that is commonly done in permanent pastures (Gregoire, 2010). 

While further research is needed to explore causality, our results further substantiate 

evidence that historical land-use trajectories could be included in future modeling 

endeavors to improve prediction accuracy 

2.4.2 Model applications and future perspectives 

The Atta/ea prediction model was developed with the intention of contributing to 

future endeavors for Chagas disease monitoring and prevention. With this in mind, 

refining the model to predict palm presence and abundance at the level of individual 

species would be an important advancement for assessing the ecological aspects of 

Chagas transmission risks (Romafla et al. , 2003). Indeed, vector presence and 
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abundance differ between the three Atta/ea (Dias et al. , 2014), as Babac;u and Urucuri 

have architectural features that favor the colonization of the insect vector in high 

densities (Dias et al. , 2010; Romana, 2007; Romana et al., 2003). Inaja, on the other 

hand, has been found to have lower insect densities, possibility due to its different 

architecture - although biogeographic factors may also be at play (Dias et al. , 2014). 

Furthermore, not all palms observed in the region are directly involved in the eco-

epidemiological cycle of Chagas disease. In fact, Ac;ai , Jauari, Tucuma, and A. 

gynacanthum are unlikely to harbor the vector (Dias et al., 2014), given that their 

architecture does not favor the necessary conditions for the insect to thrive. On the 

other hand, insects have been found in Buriti palms in other regions of Brazil, at 

infestation rates paralleling those of Babac;u palms (Dias et al. , 2008). As 

aforementioned, other spatial data (i.e., topography, floodplain boundaries) could be 

most useful in distinguishing these palms, given their distinct ecological niches (e.g. , 

Buriti thrives in swampy areas). 

Furthermore, the model could also be paired with data on other components of the 

(eco) epidemiological cycle of Chagas, for example, data on the insect vector 

distribution and the presence of T.cruzi, the pathogenic agent of Chagas disease. 

Townsend Peterson et al. (2002) have developed an ecological niche model that 

provides good predictions for dispersion of insects at the Triatoma species level. 

While an important advancement with highly innovative modeling algorithms, this 

work is largely based on biogeographic factors and does not take into consideration 

landscape c~anges at the deforestation frontier region, nor the shifts in micro-climate, 

biodiversity or vegetation that follow - all of which also influence insect dispersion 

(Abad-Franch et al. , 2010; Quartier, 2012). Recent work by Quartier et al. (in 

progress) seeks to account for the spatio-temporal dynamics of the changing 

Amazonian landscape to understand Atta/ea infestation by the vector as well as 

infection of insects with T.cruzi. In addition, the Atta/ea prediction model could be 
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used in conjunction with geographic data such as housing location or other social data 

to assess vulnerability of populations, as has been done in other regions of Brazil 

(Roux et al. , 201 la; Roux et al. , 201 lb). 

2.5 Conclusion 

This study presents a novel approach for mapping and predicting the presence of 

palms in the Tapaj6s River region of the Brazilian Amazon using satellite imagery 

analysis . While the model presented and tested provides a strong foundation for 

spatial analysis of risk and targeted interventions in environmental health, we also 

have shown that there are possibilities for model improvement, such as increasing the 

spectral and spatial resolution of the satellite imagery used in the analysis. 

Additionally, combining other spatial and temporal data sources could improve 

model prediction accuracy, including current and historical land management 

practices as well as topographical data - given that palm presence and density vary 

with these factors. This spatially explicit predictive model, combined with field data 

and validation, could be useful in Chagas disease risk mapping and transmission 

reduction efforts, as public health interventions can use this information to target 

areas where Atta/ea palm trees are most likely to be present in the rapidly changing 

Amazonian landscape. This could be a useful ingredient for the prediction of future 

outbreaks or increasing disease occurrence in the Amazon. A spatial approach is of 

interest in this context, given the extreme remoteness of the region, which renders 

timely and regular primary prevention and risk reduction strategies a great challenge. 

Moreover, an approach based on the landscape offers the possibility of combining the 

model with other elements of the eco-epidemiological system that vary with the 

landscape, such as the movement of vectors. 
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CHAPTER III 

LIVELIHOOD ACTIVITIES AND LAND-USE AT A RIPARIAN FRONTIER OF 
THE BRAZILIAN AMAZON: QUANTITATIVE CHARACTERIZATION AND 

QUALITATIVE INSIGHTS INTO THE INFLUENCE OF KNOWLEDGE, 
VALVES, AND BELIEFS 

Jordan Sky Oestreicher, Nicolina Farella, Serge Paquet, Robert Davidson, Marc 
Lucotte, Frederic Mertens, Johanne Saint-Charles 

Abstract: We examined if smallholders that immigrated to the Amazon over the last 
40 years (highway-era families) and households with historical ties to the region 
(rubber-era families) adopt different livelihood activities and land-use/land-cover 
(LULC) patterns, in four communities along the Tapaj6s River in the Brazilian 
Amazon. Using quantitative data, we characterized three portfolios of livelihood 
activities, each associated to different LULC types. Both rubber-era and highway-era 
families practice a wide range of activities from all portfolios; however, families that 
have been in the region for several generations tend to adopt traditional activities 
(e.g., fishing, non-timber forest product gathering and sales), while recently settled 
families tend to practice agrarian activities more intensively ( e.g., cattle ranching, sale 
of non-native crops) . We then draw on qualitative data to examine some of the 
underlying reasons for these differences. While recognizing that livelihoods are 
complex systems with many influential factors, we reflect on some of the overlooked 
drivers of livelihood and LULC choices such as knowledge, visions of development, 
and the immaterial value and symbolic meaning ofresources. We also reflect on how 
they shape intended land management choices and relate to household settlement 
histories. The implications for regional resource-use planning and future research are 
mentioned. 

Keywords: Brazilian Amazon, Tapaj6s River, livelihood activities, land-use/land-
cover, mixed-methods, colonists, traditional populations 
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3.1 Introduction 

The bulk of scholarship on land-use/land-cover (LULC) change and livelihood 

activities in the Brazilian Amazon has centered on major roadways, such as the 

Transamazon and the Santarem-Cuiaba highways (Figure 3.1). Roadways have been 

in the spotlight, if only for the alarmingly rapid deforestation in the decades that 

followed their construction (circa 1970) to open the 'empty' jungle to (inter)national 

markets (Brondizio et al. , 2009; Fearnside, 2006; Laurance et al. , 2001 b; Moran, 

1993). Among the principal actors engaged in tropical forest felling are the hundreds 

of thousands of smallholders who established at roadsides during the 'highway-era' , 

sometimes called colonist populations or colonos4 (Fearnside, 2008). Given this 

context, much effort has been devoted to identifying macro and micro level factors 

that drive land-use decision-making of roadside smallholders, which include credit 

availability, labor, income, demographics, land tenure, inter alia (e.g., Almeida et al. , 

1995; Browder et al. , 2004; Browder et al. , 2008; Cavigila-Harris, 2004; Caviglia-

Harris et al. , 2005; Fearnside, 1993; Harris et al. , 2008; Ludewigs et al., 2009b; Perz 

et al., 2003; Perz et al. , 2006; Perz et al. , 2002; Pichon, 1997a; Pichon, 1997b; 

Sydenstricker-Neto, 2012; Walker et al., 2000; Walker et al., 2002). 

Most such studies tend to focus on a specific socio-historic group (highway-era 

communities) in fixed geopolitical contexts (along roadways or in planned 

settlements); yet, the array of actors involved in land-use change is recognizably 

wider and the geopolitical landscape more heterogeneous (Becker, 2004; Brondizio et 

al., 2009; Oliveira, 2005). Waterways, such as the Tapajos River (Figure 3 .1 ), for 

example, have served as arteries of trade and migration long before the highway 

4 The term colono, used often in the literature to describe sm~l-scale farmers of the highway-era, is a 
term that many individuals in the communities do use to self-identity and is not embedded in the same 
socio-historical context as caboclo (see endnote ii). Highway-era was used for consistency and clarity. 
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construction and are also hubs for deforestation. Unlike roadside settlements, 

however, riverside communities existed prior to the highways and have long been 

home to farming and fishing families, often referred to as traditional populations or 

caboclos5 (Moran, 1981; Nugent, 1993, 2002). Some families were established in the 

region when rubber exploitation was booming (l 850s-1920s) and powerful rubber 

barons imported labourers to extract the raw material (Weinstein, 1983). Others came 

to tap rubber for American arms production in the 1940s (Bunker, 1984; Simonian, 

l 991). While a few noteworthy resource-use studies have been undertaken with such 

communities (c.f. , Brondizio et al., 1994; Brondizio et al. , 1997; Caviglia-Harris et 

al. , 2005; Coomes et al., 200 I a; Coomes et al., 200 I b ), these river-dwellers are often 

overlooked by intervention and research agendas alike (Nugent, 2002). 

When 'rubber-era' smallholders are considered, they are sometimes grouped together 

in analysis with 'highway-era' populations based on criteria such as financial or 

natural capital (e.g., income or land holding size) (Brondfzio et al. , 2009), which 

neglects socio-cultural and historical differences that .influence land-use and 

livelihoods (Bebbington, 1999; Daskon et al., 2012). In other cases, these populations 

are altogether contrasted, sometimes building on the notion that they have distinct 

ideologies, beliefs, and social norms (Brondizio, 2004; Caviglia-Harris et al., 2005). 

For example, highway-era families have been typecast as having expanding and 

intensifying production systems considered as incompatible with the tropical 

5 In the literature, rubber-era households have often been referred by the socionym caboclo, a term we 
chose avoid use because not all individuals participating in this study self-identify as such. Moreover, 
it can be a term laced with pejorative connotations (Lima, 1999; Pace, 2006). These groups may also 
be referred to as traditional peasants in the literature; we also avoid this term, as it can be concomitant 
to normative western values, with ' traditional ', as opposed to ' modem' evoking simple, static, and 
savage lifestyles (Berkes et al ., 2000b ). All families participating in the study have a shared economic 
identity in that they are smallholders and a shared geographic identity in that they are river dwellers; 
this thereby eliminates the use of these alternative terms such as riberihnos or rural, small-scale 
producers (Brondizio, 2004). We decided to identify families as per their settlement histories in the 
Amazon, rather than to delicate social markers. 
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ecosystem (Caviglia et al., 2001; Walker et al., 2000), while rubber-era families are 

often thought to have resource management practices that are more sustainable and 

less invasive (Redford et al. , 1992), the distinction between these groups and their 

livelihoods is not so straightforward, particularly in modem times (Brondizio, 2004). 

What's more, essentialising either group is recognizably problematic (Alvard, 2004; 

Milton, 1998; Rudel et al., 2002; Stearman, 1994). In any case, there is often little 

space left for nuance despite reality being more ambiguous. 

Few studies have actually compared these two populations to explore if or why there 

are links between a specific socio-historic group and their resource-use activities, 

albeit there are supposed differences between them. Among the studies that have 

worked with these two groups, a comparison between riverside and roadside 

communities is used (Brondizio, 2004; Caviglia-Harris et al. , 2005; Rudel et al., 

2002); but there are important analytical limitations due to site-specific variations 

(i.e. , market access and history, infrastructure, social support, natural resource bases, 

etc.) There are, however, communities where both rubber and highway-era 

populations reside, typically along riverbanks, that were established prior to the 

roadways but were opened to markets during the highway-era. These mixed-origin, 

riparian communities represent a unique research opportunity, as the effects of site-

specificities are reduced. Moreover, they are spaces of encounter for people with 

historical ties to the land and more recent settlers who arrived with little knowledge 

of the ecosystem, which is fertile ground for agro-ecological knowledge exchange 

and restructuration of beliefs, values and norms; this can, in tum, also shape 

livelihood choices. 

The objectives of this study are thus twofold. Firstly, we seek to characterize 

resource-use activities and land-use practices in four mixed-origin communities to 

paint a portrait of a riparian deforestation frontier and to examine if rubber-era and 
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highway-era families adopt different livelihood portfolios, as is sometimes presumed. 

The second objective involves exploring why homesteads are ( or are not) adopting 

certain practices using a qualitative data set generated from in-depth interviews. 

We first describe regional livelihood activities, socio-economic history, and LULC 

changes. We then use multiple methods to address our objectives, each of which 

affords distinct yet complementary types of information (Creswell et al. , 2003 ; 

Ivankova et al. , 2006). Quantitative data allows for a characterization of livelihood 

portfolios, while qualitative interview data provides a rich narrative and thereby 

serves as a powerful tool for interpretation (lvankova et al. , 2006). Such a 

methodological approach, while rarely applied in this research domain, can offer new 

understandings of land/resource-use decisions and open new horizons for future 

inquiry (White, 2002). Building on the results of these analyses, we then discuss how 

livelihood activities are sometimes influenced by gendered knowledge, visions of 

development, and the value attributed to resources and practices. 

We thus bring new insights to livelihood choices, not through a micro-economics or 

demographics perspective that is typical of research in the Amazon (e.g., Cavigila-

Harris, 2004; Coomes et al. , 2000; Perz, 2005 ; Takasaki et al. , 2001 ; VanWey et al. , 

2007; Walker et al. , 2000), but by untangling some of the often overlooked socio-

cultural aspects. Although central to livelihood choices (e.g., Bebbington, 1999; 

Daskon et al. , 2012) and recognized drivers of deforestation (Geist et al. , 2002; Lead 

et al. , 2005), socio-cultural factors are frequently relegated to a place of secondary 

importance or omitted altogether from studies .(Daskon et al. , 2012; Runk et al., 2007; 

White et al. , 2007). In part, this is owing to the economic framings often adopted by 

researchers that overemphasize the role of labour, markets and wealth in household 

decision-making while minimizing the relevance of such intangible and difficult to 

quantify factors (De Haan et al. , 2005; Runk et al. , 2007) - save for some notable 
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works in cultural studies and anthropology (e.g., Greider et al., 1994; Harris, 2009; 

Milton, 1998). 

3.2 Study site: The Tapajos River region 

3.2.1 Livelihood activities and histories of rubber-era and highway-era families 

Livelihoods have been defined in many ways (Chambers, 1995; Ellis, 1998); among 

these definitions, Carney (1998, p. 2) states that they "comprise the capabilities, 

assets [ ... ], and activities required for a means of living." The widely referenced 

Sustainable Livelihoods Approach proposes a typology of five assets (social, human, 

physical, natural, and financial) to analytical1y define livelihoods (Scoones, 1998). 

While useful, such definitions have been critiqued because of their oversight of non-

material aspects such as power and culture (Daskon et al., 2010; Daskon et al. , 2012; 

De Haan et al. , 2005). 

Livelihoods can thus also be thought of as the interface of material realities -

ecosystem goods and services (e.g., food, shelter, etc.), technologies, trade - and the 

ideologies, values, and norms that give meaning to life and frame our perceptions of 

reality (Crane, 2010). Livelihoods interconnect the biophysical/ecological to the 

social and the psychological. They are not only a basis for income generation and 

food security through asset mobilization, but also a foundation for well-being, the 

"affirmation of personal significance ... and group identity" (Appendini et al. , 2001, p. 

25; White et al. , 2007). 
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A diversity of livelihood activities are practiced in the rural Tapaj6s River region 

(Figure 3.1), many of which are linked to people's adaptations to changing socio-

ecological conditions brought on by the two major colonization periods (Schmink and 

Wood 1992). The first period is characterized by the boom-bust cycling of rubber 

markets. While it began in the 1850s, rubber extraction peaked with the founding 

(1929) of Henry Ford' s Fordldndia estate (Figure 3.1), which then promptly failed 

(1932) (Grandin, 2009; Russell, 1942). There was then a brief resurgence in rubber 

demand at the onset of WWII (Bunker, 1984; Simonian, 1991 ). After market 

collapses, immigrant workers were unpaid, unable to return to their home regions, 

and so occupied land along riverbanks. Adapting to harsh ecological conditions and 

technological limitations, rubber-era families learnt indigenous resource-use and 

production techniques (Bunker, 1984; Galvao, 1979), such as forest and orchard 

extraction, fishing, hunting, and swidden agriculture of the native cassava plant 

(Moran, 1981; Nugent, 1993). They also took advantage of markets in ltaituba and 

A veiro (Figure 3 .1) to sell pelts, rubber, and Brazil nuts (Bates, 1892; Brasil, 1910; 

Bunker, 1984). As synthetic replaced natural rubber and trophy animals were hunted 

out, riparian populations turned to other market-oriented activities such as gathering 

a<;ai berries, babassu palm nuts, or other forest products (Brondizio et al. , 1994; 

Coomes et al. , 1997; Coomes et al. , 2001a; Nugent, 1993). Families continued to 

migrate to the region in the 1950s and 1960s, adopting these same livelihood 

practices, which are thought to be diverse, complex (Allegretti, 1994; Hall, 1997) and 

yield low overall levels of deforestation. 

Another major colonization period began with the completion of the highways in the 

1970s (Figure 3 .1 ), marking the beginning of the government-orchestrated occupation 

of the region. Agrarian subsidies and development programs encouraged families 

from the resource-scarce northeast and the over-populated, industrialized south to 

relocate to roadside settlements and deforest (Binswanger, 1991 ). Households 
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adopted livelihood activities promoted by the state, including livestock raising and 

cultivation of non-traditional crops (i.e. com, rice, beans, pepper) (IDESP, 1977; 

SUDAM, 1976), that followed a European farming structure of intensification 

(Caviglia et al. , 2001; Pichon, 1997a). This specialized portfolio of activities was 

oriented towards sales on (inter)national markets and has been associated with the 

rapid conversion of forest to pasture or perennial cover (Pichon, 1997a); it is thus 

considered by some as incompatible with the tropical ecosystem (Caviglia et al., 

2001; Fujisaka et al. , 1996; Walker et al. , 2000). 
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Figure 3.1 Map of the Tapajos River, a major tributary of the Amazon 
River, and the surrounding region where the four communities involved in this 
study are located. Both the BR-230 (Transamazon Highway) and the BR-163 

(Santarem-Cuiaba highway) are indicated. 
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As the rural population grew, Itaituba remained a sparsely populated hamlet until the 

mid-1980s. Following soaring gold prices and the introduction of mechanized 

mining, this outpost was catapulted into boom-town prosperity (Mathis, 1995). 

Rubber and highway-era families alike migrated to participate in unrestricted gold 

mining, driven by the promise of wealth (Bezerra et al. , 1996; Cleary, 2001). A 

decade later, due to the crackdown on wild-cat mining operations and the fall of 

internal gold prices, workers were left destitute and in search of subsistence (Mathis, 

1995). As with the rubber-boom, families turned again to the land, taking up both 

indigenous and colonist practices (da Paixao, 1994). 

Historical trajectories demonstrate that rubber and highway-era families emerged 

from and adapted to different political and socio-economic contexts; yet, in 

contemporary times the distinction between these two groups and their livelihoods is 

blurring. For example, some rubber-era communities are transitioning to ranching and 

market-integrated agriculture in response to new economic opportunities (Harris, 

2009; Salisbury et al. , 2007; Vadjunec et al. , 2011) while others continue to rely on 

forest-based extractivism or ' invisible ' production systems, such as agroforestry 

(Brondizio, 2004; Mcsweeney, 2004b; Vosti et al. , 2002). On the same token, 

roadside families are expressing interest in diversification based on pisciculture and 

agroforestry (Ludewigs et al. , 2009a). Both rubber and highway-era households may 

also depend on off-farm work where and when opportunities exist (Pich6n, 1997a; 

Van Wey et al. , 2007). 

3.2.2 Historical LULC changes 

Four neighbouring communities along the east bank of the Tapaj6s River were 

chosen for this study. To better situate these communities in relation to other 
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geographic regions, such as roadsides and urban centres, we briefly characterize the 

regional and then community level LULC patterns. See Rozon (2011) and Rozon et 

al. (2015) for a more detailed analysis. 

In 1975, just years after the termination of the highways, regional level deforestation 

was negligible (Figure 3 .2a, Table 3 .1 ). Pioneering families were still in the initial 

stages of settlement and land claims throughout the 1970s, keeping LULC change to 

a minimum. Along the banks of the Tapaj6s, however, rubber-era families had long 

been using the land for small-scale shifting agriculture, as indicated by the diffuse 

landscape pattern (Mertens et al. , 1997). 

Between 1975 and 2009, pasture and agricultural cover increased dramatically across 

the region (Figure 3.2b), reducing primary forest by nearly half (Table 3.1). Mass 

immigration spiked the population as highway-era families made homes in planned 

settlements and others claimed land in unplanned areas, including along riverbanks. 

Driven by myriad factors (Geist et al. , 2001 ; Geist et al. , 2002; Lambin et al. , 2001), 

the landscape on the east riverbank developed a ' fi sh-bone ' pattern along roadsides, 

now emblematic of planned settlements (Mertens et al. , 1997). This 'fish-bone' 

pattern meets the diffuse landscape patterns of shifting agriculture where roads extend 

from the highways towards the river. With roads opening market opportunities to 

riparian and roadside landholders alike, farmers responded to these opportunities by 

expanding their production systems of livestock and crops (Bunker, 1984; Moran, 

1981). This was bolstered by government-backed fiscal incentives and the increasing 

availability of bank loans, agricultural extension programs, and agro-technological 

innovations. 
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Figure 3.2 2a) Land-use/land-cover change in the Tapaj6s River region 
adapted from Rozon (2011). The area shown corresponds to the study region 
identified in Figure 3.1. Blue indicates water bodies such as lakes, river and 
canals, dark green indicates primary fragmented forest (For), light green 

indicates secondary successional forest of 3 to 15 years of age (Cap), light pink 
indicates agriculture and pasture (Roca, Past), and dark pink indicates exposed 
soils and urban areas. 2b) land-use/land-cover change in detail at the riparian 

area. 
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Table 3.1 Primary and fragmented forest cover along riparian and roadside 
areas from 1975 to 2009 and land-use/land-cover change in the four study 

communities. Data were adapted from Rozon (2011) and Rozon et al. (2015). We 
aggregated some of the eight classes defined by Rozon (i.e., advanced and initial 
secondary forest cover) and others were eliminated (water). Communities were 
delimited using our approximate and spatial knowledge of community-defined 
limits. For the regional-level analysis, the riparian area was defined as a 2km 

buffer around all major waterways (lakes and river) and the roadside area was 
defined as a 2km buffer around all major roadways (BR-163, BR-230). All data 
is presented in percent total area. Inter-community differences were negligible 

and allowed for aggregation of data across communities 

Year/ Regional Regional Community Community- Community-
classification riparian roadside -level level level 

Primary and Primary and Primary and secondary agriculture 
fragmented fragmented fragmented forest cover land and 
forest cover forest cover forest cover (%) pasture cover 

(%) (%) (%) (%) 
1975 71 .26 88.32 87.68 7.81 3.43 
1986 63.26 68.07 68.03 21.16 9.33 
1997 55.54 54.95 59.27 20.69 19.93 
2001 52.07 51.60 49.68 36.10 13.39 
2009 44.23 42.32 35.92 34.37 28.29 

On the west bank, near the urban centre of Itaituba, the landscape pattern is distinct 

(Figures 3.1 & 3.2b). Large-scale clearings (geometric fragmentation) (Mertens et al. , 

1997), are indicative of the history of mining and logging and, more recently, land 

consolidation by often violent and unlawful means, leading to extensive cattle 

ranching and mechanized agriculture (Torres, 2005). Further north along the west 

bank, the dendritic fragmentation signals the recent history of spontaneous road 

construction from illegal logging, which opened the area up to smallholders for 

unplanned land occupation (Arima et al. , 2008). 
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As with the rest of the region, the four communities participating in this study 

underwent major changes over the last decades, with forest loss paralleling regional 

levels, although occurring somewhat more rapidly (Table 3 .1 ). In general, secondary 

forest cover is succeeded by similar increases in agriculture/pasture cover over time, 

suggesting that .families have been transitioning land from fallow to more permanent 

land covers (pasture, but also perennials). This is consistent with LULC change 

dynamics at other roadside frontier regions (Walker, 2003). There is no land 

consolidation occurring in these communities. Given the contexts and the LULC 

changes of the adjacent region, these communities are likely to be similar to other 

communities along the east bank of the Tapaj6s River. 

3.3 Methods 

3. 3.1 Quantitative data collection I: Livelihood activities 

To characterize livelihood activities in the four mixed-origin communities, we first 

collected data using semi-structured interviews with a total of 55 households in 2003. 

A household is defined as all the people sharing the same land for agriculture and 

extractivist activities; we use it synonymously with family and homestead. While we 

recognize the multiple faces of livelihoods, we choose to focus on activities (income 

generating and subsistence) but give consideration to key material assets ( e.g., land, 

cattle, etc.) in the quantitative analysis. We explore some social and cultural assets in 

the qualitative analysis. Following Scoones (1998), a livelihood portfolio refers to 

any combination of livelihood activities. 
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This research falls with in a longitudinal and interdisciplinary study examining 

agricultural practices, human health, and the biophysical characteristics of the 

Amazonian ecosystem in relation to mercury contamination (CARUSO, 2006; 

PLUPH, 2012); communities were chosen to meet the collective needs of our 

research team. In three of the communities, all households were interviewed. 

However, in one community only 41 % were interviewed due to logistical limitations. 

In this case, convenience sampling was used. Although the households interviewed in 

the fourth community are similar in livelihood activities and economic terms to the 

overall population, this non-probabilistic sampling design means that the population 

is not statistically representative. With our objective being to characterize livelihoods, 

rather than establish causality, influence of the missing households on our results 

should be minimal. 

The questionnaires contained both open and closed-ended questions that were 

designed to maximize the collection of data relevant to the communal needs of our 

research team. In general, both household heads (man and woman) participated in the 

interview process. In cases where only one household head was available, the 

interview was conducted as such. We acknowledge and expect noise in this data set in 

light of the interview process. Three researchers that are well acquainted with the 

communities carried out the interviews, either in pairs or as individuals, to collect 

household data. From the interview data, several variables encompassing the most 

common factors influencing LULC patterns and livelihoods were extracted, including 

those related to demography, farm characteristics, production, and income. 

Principal demographic indicators of LULC, such as household size and duration on 

farm were acquired (Perz et al., 2006; Walker et al. , 2002). This study does not 

attempt to apply or validate any frontier transition theories (Browder et al. , 2008). We 

do not delve any further into the lifecycle of these homesteads. 
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Land-use and livelihood options are mediated by farm characteristics, including 

biophysical landscape features such as soil properties and topography. Data on these 

variables was only available for some farms (Farella et al., 2007; Farella et al., 2006), 

thus we opt to use land zone (plateau or slope) as a proxy variable for soils types. 

This is a good proxy, given that plateau lands tend to have more fertile soils (Roulet 

et al., 1998b ). Land title status and property size were also collected as they influence 

livelihood options and LULC (Pichon, 1997a). 

Family consumption and production of the main crops (rice, beans, corn, cassava, 

banana) were documented and the number of livestock, including cattle, poultry and 

swine, of each household was noted. Extraction of fruits , nuts, oils, and other timber 

and non-timber products was documented. While the household consumption of these 

forest resources was not documented, such products do sometimes constitute an 

important dietary component of these populations (Passos et al. , 2003) or they are 

used in construction and/or cooking. Other traditional subsistence practices, such as 

hunting and fishing were identified. 

The diversity of household income sources plays a prominent role in smallholder 

decision-making (Perz, 2005). Income generated from agricultural production was 

calculated as the number of sacks of a given product sold annually and the average 

unit price received. Some families sell fruits, nuts, and processed derivatives thereof, 

such as oils. This was also documented. Families may also receive supplementary 

income from off-farm work (i.e. school teacher, local store owner) or government-

issued funds, such as the pension (rural retirement plan) or other rural social 

assistance. These were also documented as was participation in gold-mining 

activities. 
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Data on some influential factors were not available from interviews, but we consider 

their variance to be minimal with in the sample population. For example, agro-

technology, such as fertilizers, pesticides or chainsaws, will affect household land-use 

and production patterns (Ludewigs et al. , 2009b; Pacheco, 2009). However, access to 

and use of these technologies with in the communities is relatively ubiquitous, thus 

we consider their importance to be minimal. Likewise household head education level 

has been found to affect land-use and livelihoods (Ellis, 1998; Sydenstricker-Neto, 

2012; Walker et al. , 2002); however, levels of formal education are quite low in these 

communities, with many adults only having finished primary school. Indeed, there 

are a few exceptions and, notably, this is changing with availability of the balsa 

familia (Hall, 2008). This could therefore represent an important data gap. Finally, 

access to and types of markets can influence household economic decisions (Pichon, 

1997a); yet all communities have very comparable river and road access; this data 

were thus not collected. 

The origin of household heads was documented during interviews. Unlike other 

studies, we stratify according to gender because we assert that agro-ecological 

knowledge is shared by both men and women and recognize that with in a single 

household, members may be from different regions of Brazil. This variable could also 

be taken loosely as a proxy for differences in social and cultural systems, as has been 

done in other studies ( e.g. , Caviglia-Harris et al. , 2005 ; Pichon, 1997b ). 

Household members were asked to identify their birth state and those of their parents 

and grandparents. Most identified their origins as being from the state of Para or from 

northeastern Brazil. Only three of the interviewed families exhibited ties with 

southern states and one family documented their roots in the state of Amazonas. 

Households were thus grouped according to the following two membership 

possibilities: from the Amazon region (states of Para and Amazonas) or from 
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elsewhere (northeastern or southern states). While families from the south may 

initially appear distinct in terms of origin, we do not consider them as outliers on the 

basis that many highway-era families from the south are, in fact, originally from 

northeastern Brazil (Moran, 1981 ). Families from other Amazonian states are likely 

to have similarities with those from Para, considering the paralleling historical and 

ecological contexts. 

3.3.2 Quantitative data collection II: LULC on family farms 

Informants were asked to map their farm lot and delimit . the areas under pasture, 

secondary forest growth and fallow (capoeira), primary forest cover, and crop 

cultivation (ro9a) . While there is noise in this technique of LULC determination, it 

also has the benefit of differentiating agriculture from pasture cover, which many 

remote sensing techniques cannot detect (Harris et al., 2008). Informants used a 

variety of universal (km2
, ha) and local (tare/as, linhas) measurement units. It was 

not possible to apply a spatio-temporal analysis of LULC changes at the individual 

farm-level, as a geo-referenced community cadastre is not available. As such, our 

data represents only a snapshot. 

3.3.3 Quantitative data analysis: Correspondence analysis 

A total of twenty-six variables were extracted from the interview data for statistical 

analysis (Table 3.2). Data were aggregated in a manner that m~imized its 

representativeness of livelihood activities and land-use but did not compromise the 

statistical power of the data set. 
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A correspondence analysis was chosen as the method for data treatment as it is an 

exploratory analysis for use with continuous, ordinal and binomial data types. It does 

not establish causality, but rather allows patterns and trends with in a given data set to 

be deciphered. It is therefore an appropriate method of ordination given our 

objectives, our limited data set, and our data types (Borcard et al., 1992). The method 

returns a two-way contingency table of the distance between variables as defined by 

the Pearson's chi-square metric (which can be interpreted as an estimate of variance). 

The total variance, or inertia, which is calculated as the sum of squares of all values 

in the contingency table, is used to compute eigenvalues for the entire data set. The 

eigenvalues then determine a score for each object (household) and each variable. 

Data must be nonnegative, there is no need for pre-transformation and it should be 

dimensionally homogenous (Legendre et al., 2012). All data were adjusted to the 

same scale of measurement in order to reduce inflation of variables with large 

variance. Data cleaning reduced the dataset to 38 households. 
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Description of variables extracted from interview data used in the 
statistical analysis 

Description Unit 
total number of people residing in the household No. of people 

time the family has resided on/used the land Years 

Land type upon which land lot is located 0 =sloping, river boarder 
l= Plateau 

Legal title to land is owned by household l=Yes, 0=No 
Total land holdings of the family ha 

Average annual yield of rice, com, beans, and cassava ( does kg/yr not account for consumption) 
If the family has a home garden or orchard (quintal) with l=Yes, 0=No edible plants growing 

Amount of cattle owned by the household No. of heads 
total annual banana yield kg/yr 

At least one type of fruit gathered from primary, secondary l=Yes, 0=No 
(capoeira) and orchard forests on a regular basis 

At least one type of medicinal plant gathered from primary, l=Yes, 0=No secondary and capoeira forests on a regular basis 
Frequency at which household partakes in hunting activities Times/month 

median fishing yield in the dry and wet seasons kg/week 
total annual household income from non agricultural related R$/person/year activities 

total annual household income from agricultural related 
activities (includes all crops, livestock, and pork and poultry R$/person/year 

sales) 
total annual household income from the sale of forest and 

orchard products (including fruits, carbon, honey, medicinal R$/person/year 
plants and oils, and nuts) 

Participation in gold mining activities (anytime in the past) l=Yes, 0=No 

Lakeside community in which the family resides Community identification 
(I -4) 

Region oforigin of the household head (man) l= Amazonian, 0= Non-
Amazonian 

Region of origin of the household head (woman) 1 = Amazonian, 0= Non-
Amazonian 

Region of origin of household head ' s grandparents (man) 1= Amazonian, 0= Non-
Amazonian 

Region of origin of household head ' s grandparents (woman) 1 = Amazonian, 0= Non-
Amazonian 

Area in primary forest % of total farm size 
Secondary forest growth and fallow land % of total farm size 

Land area under crop cultivation % of total farm size 
Land area in pasture land for livestock grazing % of total farm size 
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• Data on agricultural production was provided in sacks/yr. Each sack is, on average, equal to 60 kg of 
product. b Yields were given in ' bunches', because of the different units of measurement, banana 
production was considered separate from other types of agriculture. It is also the perennial produced 
regularly by most families. 

Using the Vegan package (Oksanen et al. , 2007) in R, an open-source statistical 

software (R Core Team, 2012), a correspondence analysis was performed in order to 

characterize households in relation to one another. Both objects (households) and 

variables (livelihood activities and land-use) were jointly plotted on a biplot. Upon 

interpretation of the correspondence analysis results, it was deemed useful to 

disaggregate and examine certain variables in more detail. Data were stratified into 

groups and a comparison was undertaken with R software, using either the t-test or 

chi-square test, depending on the types of data being compared. For continuous data, 

normality was confirmed with the Shapiro-Wilks test; non-normal data were 

transformed. When variance between groups was not equal, Welch's t-test was 

chosen over the two-sample t-test. 

3.3.4 Qualitative data collection: Livelihood trajectories and life courses 

To assist in the interpretation of the ordination results, in-depth, unstructured 

interviews were conducted with members of two of the four study communities in 

2012. Using an individual timeline approach (Adriansen, 2012), interviews were 

directed towards individual life courses and livelihood trajectories, with a focus on 

the use and management of resources. This qualitative data collection method can, 

with in the context of an individual's life experience, help gain a better understanding 

of individual preferences, perceptions, attitudes and goals and assist in unpacking 

some of the values, beliefs and norms that underpin resource-use and livelihood 

choices (De Haan et al., 2005). 
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An extreme variation sampling design was adopted so as to interview individuals that 

are practicing very different (principal) livelihood activities. We gave priority to 

elders and middle-aged farmers ( 40 - 70 years of age), rather than youth, as they were 

able to offer deeper historical perspectives. Recognizing that the lived experiences of 

men and women are likely to be different, we attempted to maximize gender 

representation with in our sampling design. In total, seven men and five women were 

interviewed. Seven of the individuals were from households established during the 

rubber-era and five from households established during the highway-era. Interviews 

lasted between two and three hours and were conducted in pairs until saturation or 

until the informant wished to no longer continue. 

The temporal discrepancy between qualitative and quantitative data collection is due 

to logistical and practical constraints in the research process. Given that interviews 

focus on historical trajectories and on attitudes and values that are likely to remain 

fairly constant overtime, particularly with minimal outside intervention and 

population changes in the communities between 2003 and 20126, this discrepancy 

should have a minimal effect on the validity of the mixed-methods approach. It was, 

nonetheless, taken into consideration during qualitative data analysis and 

interpretation. 

3.3.5 Qualitative data analysis: Thematic coding 

To identify and organize common themes with in the individual life courses, the 

verbatim transcriptions were first imported into the TAMS analyzer, an open-source 

6 Population change in the fonn of out-migration of youth to urban centers is a phenomenon that has 
only recently begun in the study communities. The research project was the only institutional/agrarian 
intervention. 
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qualitative data analysis software (Weinstein, 2006). Textual data were coded using a 

directive approach (Hsieh et al. , 2005), based on key variables emerging from 

quantitative results and the literature (e.g. , extraction and sale of forest goods, cattle 

production, reference to resource-management practices, etc). Upon multiple 

iterations, common themes were extracted. Field notes and our understanding of the 

communities were used to enrich the coding. This analysis is meant to support the 

interpretation of the quantitative data, as has been done in other studies 

(Sydenstricker-Neto, 2012), and is not intended to be a detailed analysis itself. 

3.4 Results 

3.4.1 Community demographics and land holdings 

Households are generally characteristic of Amazonian frontier homesteads in that 

they are large in size, generally young, and have a skewed gender ratio, tending 

towards men (Table 3.3 , Sherbinina et al. , 2008). Family lineage shows that more 

men have immigrated to the region than women over time, indicating that men likely 

came to the region alone, while women likely immigrated in families . There is a 

notable temporal difference with family settlement time, indicating that there are 

families with prevailing ties to the land (maximum of 67 years since settlement) and 

families that were still arriving (1 year since settlement) at the time of the survey 

(Table 3.3). 

Prior to the highway construction, land claims in these communities were held 

through usufruct and farms were not delimited. With agrarian reform in the 1980s, 

rubber-era families were sometimes attributed less land than new settlers. This 

inequality is evident when looking at the discrepancies in land assets across 
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households. The average farm size is under l00ha, yet there is a family that holds 

only 20 ha of land (Table 3.3). 

Table 3.3 Descriptive statistics of households and family farms. 

Community demographics (µ± <J) min/max 
Total household size (people) 7.22 ± 4.30 1/22 
Number of men (15-60 yrs) 2.16 ± 1.33 1/6 
Number of women (15-60) 1.55 ± 0.94 0/4 
Number of children (0-14) 2.36 ± 2.13 0/7 

Number of seniors( 61 +) 0.13 ± 0.39 0/2 
Time since arrival (years) 12 ± 8 1/67 

Origin (proportion from north-eastern or southern states) 
Men 46% 

Women 36% 
Paternal grandparents 72% 
Maternal grandparents 62% 

Farm characteristics (ha) (µ ± cr) min/max 
71.25 ± 

Total land holdings 24.9 20/105 

3.4.2 Correspondence analysis: a typology of livelihood portfolios 

Overall, the first two axes of the correspondence analysis (Table 3.4) provide a good 

picture of the underlying trends in this data set. The first axis explains 26% of the 

total variation observed in the data set while the second explains another 17%; the 

cumulative variance of the first two axes being about 43%. Axis 1 and 2 were jointly 

plotted (Figure 3.3) (Greenacre, 2010; Legendre et al., 2012). The biplot paints a 

portrait of livelihood/land-use activities in the study population, with the more 

discriminating variables being further away from the centroid of the plot. Examining 

the distribution of variables and households in CA space indicates that there are three 

types of livelihood portfolios operating in this data set. The first we name the 
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'traditional' portfolio, which is represented in the lower left quadrant of the plot 

(Figure 3.3). It can be regarded as having a diversity of subsistence activities based 

on natural resource extraction, including higher fishing frequencies (Fish), more 

extraction of medicines (Med), having a garden/orchard (Quint), the sale of forest 

products (Income), and more fallow land (Cap). There is a strong interaction between 

gender/origin (W _ GP), IncomeF and Med variables, indicating that families with 

(women's) grandparents from the Amazon region tend to extract medicines from the 

forest and their annual revenue from the sale of forest fruits , nuts, oils and wood by-

products is more than highway-era families. 

The second portfolio we call the 'colonist-agrarian' portfolio, which is located in the 

lower right quadrant (Figure 3.3). It can be characterized by more cattle heads per 

household (Catt), more income from the sale of farm produce (IncomeAg), and 

higher levels of a production of bananas (Ban) and annual cultures (Prod). Land area 

in pasture cover (Past) is associated to this portfolio, indicating that families 

following this portfolio are involved in more extensive animal husbandry practices. 

Families with this livelihood portfolio are also more likely to have been involved in 

gold mining (Gold), suggesting that the assets gained from gold extraction were 

reinvested in cattle and crops. These variables, being grouped in opposition to the 

origin variables indicates that more highway-era families are practicing activities 

from this portfolio. 
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Table 3.4 Variable scores for the first three axes of the correspondence 
analysis. Values indicate the relative strength that a given v~riable has on the 

dispersion of households, similar to the variance across samples. Variables that 
cluster together explain similar trends in the dataset. The corresponding biplot 

(Figure 3.3) only considers the first two axes. 

Variable/Axis Variable description CAI CA2 CA3 
Peop Household population -0.2655 -0.1921 -0.0776 
Time Land Time -0.2857 -0.1445 -0.0915 
Land Land Zone -0.0697 -0.3073 0.0900 

Ti Title 0.1183 0.0251 -0.1254 
Size Farm Size -0.0763 0.1752 -0.0537 
Prod Agricultural Production 0.2977 -0.0797 0.0374 

Quint 
Family orchard/garden 

-0.3008 -0.4333 -0.2915 
(Quintal) 

Catt Cattle 0.6913 -0.1888 -0.3303 
Ban Banana Production 0.5462 -0.0798 0.2317 
Fru Fruit collection -0.2535 0.1077 -0.2043 
Med Medicinal plant collection -0.4458 -0.1884 0.2416 
Hunt Hunting Freq 0.1718 0.3106 -0.0439 
Fish Fishing Yield -0.3135 -0.0635 0.0973 

IncomeO Off-farm Revenue -0.1000 0.1688 0.2635 
IncomeAg Revenue from Agriculture 0.6190 -0.1088 0.1819 

IncomeF 
Revenue from forest 

-0.6497 -0.1384 -0.8797 
products 

Gold Gold mining 0.1626 -0.1976 -0.6398 
Lake Lakeside community -0.1314 0.1744 -0.0205 

M Man -0.1176 -0.1128 0.0635 
w Woman -0.2678 -0.1385 -0.1461 

M GP Man GP -0.3171 -0.0720 -0.2249 
W GP Woman GP -0.5244 -0.2231 0.1117 

For Primary Forest -0.0678 0.4405 -0.0427 
Cap Secondary forest (Capoeira) -0.4503 -0.4458 0.2738 

Roca Agriculture (Ro9a) -0.0201 -0.2713 -0.0875 
Past Pasture 0.3020 -0.3351 -0.3291 

Eigenvalue 0.1347 0.08757 0.0605 
Proportion Explained 0.2614 0.1698 0.1174 

Cumulative Proportion 0.2614 0.4312 0.5487 
Inertia 0.5155 
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Figure 3.3 Biplot of first two axes of the correspondence analysis. Scaling 
of the objects (households) in CA space is such that they are positioned at the 

centroid of the variable (livelihood activities and land-use) scores. The distance 
between households is therefore proportional to their chi-square distance, while 
the distance between livelihood activities and land-use is not. Households that 
are positioned in proximity to a livelihood activity or land-use are likely to be 

participating in that activity. Livelihood activities that are in proximity to each 
other are likely to occur together. The distance of livelihood activities and land-

uses from the centroid indicates their relative importance in explaining the 
variation observed across households. For further details on reading CA biplots, 

refer to Greenacre (2010) and Legendre and Legendre (2012). 
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The third, named the 'off-farm income' portfolio, is represented in the upper 

quadrants. It is characterized by higher income from activities not related to the 

family farm (IncomeO), more forest cover (For), more land area (Size), fruit 

collection (Fru), and higher hunting frequencies (Hunt). The opposition of these 

variables with the Past, Cap and Roca variables, specifically along the CA2 axis, 

indicates that when households rely more on off-farm income, their land is being used 

less productively. It is unsurprising that LULC variables linked to shifting agriculture 

(Cap/Roca) and livestock raising (Past) activities are clustered and in opposition to 

forest cover (For), as they are contingent on each other - that is forest cover must be 

lost in order to gain any of the other types. Also, larger land holdings (Size) are 

associated to this portfolio, indicating that the bigger farms maintain more forest 

cover. 

The graphical representation of samples in CA space demonstrates that there are no 

clear groupings of households across these types, but rather that they exist across a 

gradient spanning the three portfolios (Figure 3.3). The importance of the off-farm 

portfolio seems to be secondary relative to the other two portfolios, as indicated by 

the majority of households dispersing in an elliptical pattern according to the colonist 

and traditional portfolios. The off-farm portfolio is likely a supplement for families 

participating in other activities, as there are no families in the communities that rely 

singularly on off-farm income sources. 

3.4.3 Livelihoods and the influence of gender/origin 

An interesting aspect of the results is the combined gender/origin influence ('W _ GP' 

variable) along both axes (Table 3.3). In light of our objectives, we deem it useful to 

explore this aspect in further detail by disaggregating some of the key variables 
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identified by the correspondence analysis . We stratify panel data in an 

intergenerational manner according to matrilineal origin, yielding two groups. Firstly, 

families where the woman household head and her grandparents were born outside of 

the Amazon are considered to be recent settlers. These families came out of the 

highway-era, immigrating to the region either for gold mining or as part of 

government-endorsed colonization from the 1970s onwards. Families with over three 

generations in the Amazon are those with roots in the region that extend to the 

rubber-boom era. 

As with the correspondence analysis results, this data shows that there is a blending 

of activities across rubber and highway-era families. Although there are some notable 

differences between families that have recently immigrated to the Amazon and those 

that have historical ties to the region (Table 3 .5), it is rarely significant. In general, 

these salient patterns parallel the correspondence analysis in that rubber-era families 

will tend to conform more closely to the traditional portfolio of subsistence activities 

and highway-era families tend to conform more closely to the colonist portfolio, but 

this is not systematic. 

Forest products provide more income for rubber-era families than their highway-era 

neighbours and more rubber-era families participate in medicinal plant collection and 

have a higher average fishing yield. This points to rubber-era families being more 

intensive natural resource extractors, although these differences are not always 

significant (Table 3.5). 

On the other hand, highway-era families gain more average income from produce 

sales. The portion of total produce destined for market is significantly different across 

groups, with highway-era families selling the majority of their annual production. 
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Table 3.5 Average annual cash income, indicators of traditional and subsistence 
activities of households, and average LULC on family farms." Data are stratified by 

matrilineal household origin. The t-stat for continuous data (two-sample or Welch's t-
test) and the Pearsons x2 statistic for categorical data (chi-square test) are indicated. 

Rubber era Highway era 
;C2/t-stat (n = 19) (n = 15) 

Cash income by source8 

Poultry sales 19$R/year 19$R/year 0.2532 
p = 0.6169 

Swine sales 19$R/year 19$R/year 0.0175 
p = 0.9861 

Cattle and beef sales 333$R/yr 325$R/yr 0.0493 
p = 0.9609 

Agricultural produce 829$R/year 1590$R/year 4.6364 
p = 0.0985 

Portion of total production 25% 40% 3.1882 
destined for sale p = 0.04942* 

Forest products 83$R/year 26$R/year 1.8735 
p = 0.0732 

Other sources (off-farm) 2 l 60$R/year 1830$R/year 0.0692 
p = 0.9333 

Traditional subsistence activities 

Fishing yield (kg/week) 9.2kg 5.7kg 1.8184 
p = 0.07879 

Hunting (frequency) 2.05/month 1.2/month 1.1964 
p = 0.2391 

Forest fruit collection (families 26% 10% 2.3514 
participating) P = 0.3086 

Medicinal plant collection 53% 13% 6.9536 
(families participating) p = 0.0309* 

Farm characteristics (ha) 

Agriculture (Ro9a) 6 6 28.569 
p =0.9568 

Pasture 9 13 29.794 
p = 0.5137 

Primary fragmented forest 54 54 29.109 
p = 0.9799 

Secondary forest (Capoeira) 29 27 27.556 
p = 0.7493 

• all cash amounts are Brazilian Reais, in 2003. Total agricultural production, measured as kg produced 
annually by the household, is higher for highway-era families (F = 2.7735, p = 0.0713), but they are 
producing on similar sized plots as rubber-era homesteads (Ro9a; Table 3.5). There are different scales 
of production, with highway-era households producing more intensively; these patterns are also echoed 
the correspondence analysis. 
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Rubber-era families gain an average higher income from off-farm sources. The 

influence of the community variable ('Lake' variable) in this portfolio indicates that 

there may be differences across communities, such as education or employment 

access/opportunities that explain this variation. 

3.4.4 Themes extracted from life course and livelihood trajectories 

Three broad themes were extracted from the qualitative interview data: 1) gendered 

knowledge, 2) immaterial values and symbolic meanings of livelihoods and 

resources, and 3) visions of development. We briefly present the themes here, as they 

are examined in detail in the discussion section. 

The first theme, gendered knowledge, emerged as informants spoke of resource-use 

practices and mentioned the necessary tools, skills or information they or others 

possess to effectively achieve those practices, and how they or others had acquired 

that knowledge. Through the analytical process, it became clear that this theme could 

not be separated from gender, which is unsurprising as the division of labour is often 

highly gendered (Voeks, 2007). The use of forest products and home garden/orchard 

tending are often considered feminine activities (Murrieta et al. , 2003) - although this 

can change with demographics and socio-economic status (Cleaver, 2000) - while 

those related to heavy agriculture and ranching tend to be more masculine. In all 

cases, the gendered character of the textual extract was noted, as was the gender of 

the informant. 

Giving consideration to the language used by informants, the theme of immaterial 

values and symbolic meanings emerged from individuals expressing different 
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feelings, attitudes and beliefs towards resources and livelihoods. For example, fishing 

or forest collection may have been discussed in a positive manner by an informant 

using words such as "happy ", "good", "easy ", while another informant may use 

words or expressions that affectively project the opposite (e.g., "sad", "difficult "). 

These were used to interpret the non-monetary values and meanings attributed to 

resources and was noted in relation to the informant's own livelihood choices. 

Visions of development include how individuals envisioned the trajectory of their 

farm and livelihoods along their life course. For example, some informants expressed 

having an overall goal for their livelihoods based on growth, specialization and 

extensification, while other informants expressed a desire to maintain diversified and 

small-scale practices. 

3.5 Discussion 

Livelihood choices and LULC decisions are multi-faceted and complex, with 

economic, political, and demographic factors being powerful influences (Browder et 

al., 2008; Geist et al. , 2001; Pacheco, 2009; Pichon, 1997a; VanWey et al. , 2007; 

Walker et al. , 2002). Yet, other intangible and difficult-to-quantify factors, such as 

values and knowledge, also drive deforestation (Geist et al. , 2001) and resource-use 

patterns (Berkes et al. , 2000b) but are often overlooked. In our dataset, these factors 

may be partially reflected the mixed imprint of gender/origin that we observed across 

household livelihood portfolios (Table 3.4 and 3.5, Figure 3.3). Relying only on the 

quantitative results, however, this variable is difficult to unpack. In this discussion we 

therefore build upon the results of the qualitative analysis 7 to illustrate that livelihood 

7 ames are not used or are changed to maintain anonymity. 
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activities and intended LULC choices are also influenced by gendered knowledge, 

visions of development, and the immaterial value and symbolic importance attributed 

to resources and practices. We finish by examining the relationship between 

household origin and livelihood portfolios and highlight policy and research 

implications. 

3. 5.1 Gendered knowledge 

While some highway-era families do collect and sell forest/orchard products (Table 

3.5), our study suggests that this is more common in families with historical roots in 

the Amazon. These activities exhibit a strong relationship with gender, most saliently 

for medicinal plant collection, gardening, forest product sales (Figure 3.3). Often, it is 

women who hold the knowledge base and savoir-faire to collect fruits , nuts and 

medicines to feed their families and help cure minor ailments (Kainer et al. , 1992). 

Knowing where, when and how to gather, grow and prepare forest derivatives is 

commonly a product of non-commercial bonds with kin and other community 

members. For rubber-era households, a historical continuity in the region means that 

the systems of knowledge and practice related to forest-based livelihoods can be 

passed through generations, evolving and adapting to larger social and political 

contexts (Berkes et al. , 2000b). Indeed, having knowledge and skills linked to 

extractivist practices is a principal indicator of reliance on such activities 

(Mcsweeney, 2004b; Takasaki et al. , 2001 ), and is, for some, an obvious reason to 

keep the trees intact. As one. person explained: "/ don 't want to cut too much into the 

mata (woods) because having the forest close to home helps us a lot. If someone 

needs timber, a tree to make a house, some honey, a remedy, you'll have it close. If 
someone makes a ro9a ( agricultural field) , the mat a will be there, [far away J at the 

end of their lot. When they want to get something ... they 'd have to walk a lot. " 
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The occasional or punctual need to mobilize this gendered knowledge to curtail 

economic, environmental and health shocks or stresses may also explain the 

association between forest product sales and origin/gender (Figure 3.3). With 

apposite knowledge and skills, many families use forest derivates and aquatic 

resources as a form of 'natural insurance' - not uncommon in tropical forest 

communities (McSweeney, 2004b). As one woman explained: " When we didn 't have 

money, what was I going to do? I went to go get some Brazil nuts and sold them. It 's 

the only wey." Unquestionably, cattle and, to a lesser extent, cassava flour - a native 

Amazonian food-staple - are the chief buffers in times of stress for all families 

(Hecht, 1993). Yet, with gender relations dictating who has the control, access, and 

availability of certain resources (Oberhauser et al., 2004), these assets remain largely 

in the hands of men. A woman ' s knowledge of and agency over the production and 

sale of forest derivatives and gardens means that this may be her primary contribution 

to the household economy, including but not limited to cash income (Kainer et al. , 

1992; Simonian, 2001). Many women in these communities thus appear to uphold an 

imperative role in maintaining a diversity of certain livelihood activities that is 

necessary for food security and resilience to economic shocks. 

Many highway-era families, however, do not rely on natural resources in the same 

way or to the same extent as rubber-era households (Table 3 .4 ), which may be a 

reflection of the dynamics of agro-ecological knowledge exchange between the two 

social groups. Many highway-era informants mentioned the transfer of agricultural 

practices from their home states (Pichon, 1997b) as well as accruing local knowledge 

through social cooperation and learning from neighbours; most prominently this was 

related to cassava production. However, less is known about the skills women 

brought to the frontier and their capture of knowledge of the forests and orchards. 

This proved challenging to address in interviews, as highway-era individuals more 
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often referred to agricultural skills, rather than forest-based skills. When forest-based 

practices were mentioned by highway-era informants, it was often hunting, rather 

than other types of extractivism, and it was generally applied to secure food in times 

of stress: "[In the early days of settlement], if we lacked money, we would hunt and 

then get back to work [on the farm], pushing our way forward", one man told us. 

Colonization and agrarian institutions have tended to favour men (Deere, 2003), often 

leaving newly settled highway-era women demoted to 'housewife' duties and thereby 

limiting their participation in natural resource-use activities such as gathering, 

transforming, or selling products (Townsend et al., 1993). In turn, this affects a 

woman's decision-making power (Siqueira et al., 2003) and authority in the 

household (Wayland, 2001). With knowledge of wild and cultivated medicines and 

foods remaining primarily in women's social-networks - omitting game (Minzenberg 

et al. , 2011) - forest-based knowledge and skills would be less accessible or 

altogether unknown to newly arrived women who are isolated from these networks. 

This social backdrop would render the use of specialized resource-use practices 

linked to forests, orchards, and gardens almost exclusively by rubber-era women, as 

seen in our data set. 

3. 5.2 Immaterial value and symbolic meanings of livelihoods and natural resources 

Livelihood decision-making is a reflection of the way people read meaning into 

natural resources and assign value to them (Greider et al., 1994; Ingold, 2000). 

Divergent values and meanings were expressed by informants, which may be another 

underlying force behind the divergent portfolios observed in the data set (Figure 3.3, 

Table 3.4). Many expressed cognitive and emotional bonds with place and practice, 

which can be of great immaterial value to individuals (Chan et al., 2012b) -
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especially if natural resources and livelihood activities are recognized as a means to 

living a fulfilled and meaningful life and not simply for generating income (Mayer et 

al., 2004; White et al., 2007). 

With a contribution to well-being, these immaterial valuations appear to foster the 

continuity of certain activities, such as fishing or forest product gathering. One 

rubber-era man, for example, who continues to fish daily for subsistence despite 

partaking in ranching and off-farm work, expressed a rich sense of satisfaction and 

happiness with respect to aquatic resource extraction: "My whole life has been 

fishing. Even nowadays, I still fish. I just don't know how to stop. I only know that I 

am happy ... I live well, thank God." One rubber-era woman, who continues to extract 

medicines, palm oils and fruits, also describes the traditional activities of her youth as 

both practical and enjoyable: "On the shores of this river, everything is easier. You 

toss out your fishing net, you catch a fish. I would pick up my hunting rifle, go out 

with the dogs, and I would hunt. I never went hungry in my house, no way! It was 

fish, game meat, jabuti (tortise), all that. I collected a<;ai, abacaba, pataua (native 

Amazonian palm fruits) .. . Everything was better. " As demonstrated in these extracts, 

the distinction between these immaterial values, as signified through references to 

subjective well-being, are not easily distinguished from the material value, denoted 

by the use of the tangible resource (Kanowski et al., 2009). 

Livelihood activities carry different symbolic meanings for people (Greider et al., 

1994), which may also shape their choices. For example, while traditional foods and 

practices are recognized as central to the culture and identity of many riparian 

populations (Ximenes, 2001 ), they are also symbols of class with in the social 

hierarchy. Ranching and a diet of beef, associated to the colonist portfolio, are often 

equated to the elite and to affluence, while traditional livelihoods are often labelled as 

concomitant to a life of poverty: "[My neighbour 's] life is a sad one. There in that 
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shack, in the middle of the forest, in the water, cercado de pau (fenced in by wood) .. . 

He catches a [fish], kills it and cooks it on the fire ... to eat it with cassava flour. 

Paraense lives off of fish and cassava flour, right? ... With a bit of ar;ai and brazil nuts. 

That's his life, " recounted one small-scale rancher, who has extensive pasture lands 

and does not fish. 

These meanings are reified in the widespread stigmatization of traditional lifestyles, 

which some associate to idleness or sloth. Another small-scale rancher tells us: "I 

never liked to hunt. I never liked to walk with a rifle. Never liked to fish. I just like 

beef .. Those people over there, they only want to live in the water. Fishing! The 

people that were here [before me], how were they living? They didn 't want to work; 

they were dying of hunger. Because they didn 't want to work! But when we got here 

and I began to work [with ranching and agriculture], they started to see something 

and then they started to work too." These attitudes about the value of traditional 

livelihood activities may be a reflection of an ' embodied privilege' (Dijk, 2011) that 

was transferred to frontier families through strong propaganda campaigns and 

development projects, which promised prosperity based on ranching and entitled 

immigrants to pristine land holdings. 

These valuations and meanings shape what individuals and groups consider to be 

appropriate management and use of natural resources, including land-use (Greider et 

al., 1994). The rancher illustrates: "My neighbours over there, the forest is in their 

house! Inside their house! When I settled here, they were already here. I have this 

clearing here, where my farm is, the farm where I work. It 's cleared more than their 

land over there. Here, where I have my plantation; here, where I do everything. Here, 

I only have pasture. [Cattle ranching] is my work. They stay on their land and I stay 
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on mine. On my land, the only forest I have is the reserve8
." However, a highway-era 

woman, who ascribes meaning and value to the many native trees in her yard, sees it 

differently: "I love nature ... Sometimes people say 'well hey! Dona Claudia's house 

is, is just full of mato (bushes, shrubs)'. Leave my mato alone ... l'm going to live in 

the selva 0ungle) ... Because when the trees are around, they give shade and it 's 

marvellous. Leave my plants alone, I like them. That 's how it is. " Informants with in 

these communities clearly attribute divergent immaterial values to the forest and 

aquatic ecosystems and ascribe distinct symbolic meanings to resource-use practices; 

this may also influence LULC, although it is not clear if this is by individual 

principles, preferences, or virtues (Chan et al. , 2012b). 

3.5.3 Visions of development and worldviews 

Interviews suggest that visions of development also influence household decisions to 

limit deforestation or expand pasture. Indeed, the foundation for different 

worldviews, including the visions of how resources should be used and 

understandings of the human-nature relationship, give framing to our reality and 

indisputably shape livelihood systems (Hedlund-de Witt, 2012; Pretty et al., 2008). 

For example, some informants question the v1s1on of increasing growth and 

maximizing productivity promoted by the state. Cautioning against the conversion of 

forestlands to pasture, one woman who practices activities from the traditional 

portfolio explained: "[My neighbours], they have a lot of cattle. They have enough 

cattle. And I 've seen that they want to buy more. If there was a person who wants to 

8 Rural landowners are required to maintain a portion of their land in uncut forest cover as per 
the Brazilian environmental legislation. This is referred to colloquially as the legal (forest) 
reserve. 
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sell [cattle], he 's buying. But after that, what's he going to do? Plant pasture! And 

everything else? He 's pulling out the trees, finishing it all off. Destroying nature by 

knocking down the forest, toppling over the ar;ai. And then they plant pasture, more 

pasture. And then what? It'll be difficult. They lost what they had And that's why 

today, things are changing. All these things are happening and people don't even 

take a look at themselves, right? To see that we are really finishing everything off. 

It's always wanting more and more and more." 

While she reproaches the extensive pasture lands, she, like many other Amazonian 

smallholders, raises livestock for financial security (Hecht, 1993). Yet, because of the 

perceived environmental changes, she wishes to maintain grazing on a small-scale. 

She went on: "A few days ago, I was talking to my husband, I said: 'Look here my 

man. We're only going to [deforest] a little bit, like this. Just enough so that we can 

live'." Another fisherman similarly told us of how the perceived ecosystem impacts 

have stopped him from further deforesting and intensifying his cattle ranching 

activities: "Because what gives people a future is cattle, right? By finishing off that 

forest over there. I have some [cattle]. We already planted pasture here, but I didn't 

let it go further ... because if everyone cuts the forest, this land, this lake, everything 

would be difficult. And it is going to be difficult." 

Said 'difficulties ' begotten by deforestation refer to the loss of benefits provided by 

nature, including complex and indirect regulating and provisioning services. Many 

farmers, fishers and forest gathers of the rubber and highway-era expressed a deep 

appreciation of these benefits (Fatorelli, 2013 ). As one farmer told us: "deforestation 

[makes it] hot, right? Because when we are walking on a path without any plants, 

and then we go to where the forest is, it seems like ... it has air conditioning. The forest 

helps a /of' . A fisher flagged the impacts of cutting flooded forest areas and 

converting them to grazing lands: "[Fishing] has changed a lot ... because those trees 
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give fruit [for the fish] to eat, because the fish hide in the trees .. .[Now], there are 

pests in our rice crops; it's the same pest you find in the pasture [planted along the 

riverbank]. " 

The interdependence and interconnectedness with the ecosystem that these informants 

perceive is a reflection of their worldview and is not an irrelevant factor to consider in 

livelihood choices, as other studies have linked such understandings of the socio-

ecological system to ecologically-conscious decision-making (Davis et al. , 2009). 

The visions of the (relatively more) intensified ranchers or farmers was considerably 

harder to capture, insofar as deforestation and the social and environmental impacts 

are sensitive subjects to address because such discussions are seen as threatening to 

their livelihoods. 

3.5.4 LULC patterns 

The correspondence analysis indicates that different LULC types are associated to 

livelihood portfolios (Figure 3.3). While we cannot establish causality between 

livelihoods and land-use choices, our thematic analysis does illustrate that the themes 

discussed above do relate to, at least, intended LULC choices. This highlights an 

interesting point: faced with the same resources and incentives, a smallholder's land-

use decision can be similar to their neighbour's (i.e., conversion of forest to pasture 

for cattle investment); yet the decision-making process underlying each actor's choice 

may be very different when values, knowledge types, and worldviews are considered 

(Godoy et al. , 1995; Sierra, 1999). 
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Why this is important lays with in the fact that people are more likely to change their 

behaviour if a proposal already adheres to an individual's principles or virtues (Stem 

et al. , 1999). This should resonate with regional development plans seeking to change 

LULC trajectories by offering incentives to landholders to conserve forest stands. 

Further research into how people value, understand, and envision their livelihoods 

and relationships to the ecosystem could be useful in better tailoring such programs 

and incentives. Indeed, structural constraints and opportunities are argued to be the 

most important driver of deforestation (Geist et al. , 2002; Lam bin et al., 2001 ), 

sometimes regardless of what values and beliefs individuals hold (Lead et al., 2005). 

It is for this reason that scaling-up the study of values and beliefs through more 

rigorous quantitative analyses, with a larger sample and wider geographic reach could 

assist in making more generalized conclusions on how these factors operate in 

relation to influences such as shifting markets, credit and support availability, and 

public policy. Analytical frameworks to examine worldviews, for example, may be 

useful to these ends (Hedlund-de Witt, 2012). 

3.5.5 Household origin, livelihood choices, and LULC: is there a link? 

The quantitative data points to a loose association between origin, livelihood 

portfolios and LULC, albeit this is not always significant (Table 3.5). The link could 

be explained by some factor not considered in detail in this study that differentiates 

the two groups. For example, members of these groups may exhibit different 

responses to economic opportunities (Caviglia-Harris et al. , 2005). Other research, 

however, finds that these groups respond equally and rapidly to economic incentives 

(Brondizio, 2004). Our results and knowledge of the communities would similarly 

support that assertion. Physical access to markets may also explain differences in 

sales and production patterns; yet, all communities and members have similar 

transport services. 
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Additionally, there may be differences regarding the institutional arrangements that 

afford access and entitlement to natural resources and financial capital ( e.g., through 

kin-networks, formal institutions), which are also vital to livelihood options 

(Bebbington, 1999). At the household level, agricultural credit and loans do affect a 

household ' s ability to specialize or expand, including activities such as converting 

land to perennials or increasing herd size (Perz, 2005 ; Perz et al., 2002). Legal land 

ownership, a prerequisite for loans, is more closely associated to the colonist and off-

farm portfolios ('Ti' variable, Figure 3.3). As per our informants, highway-era 

families were afforded priority for land titling; this may, then, be a factor linking 

highway-era families to the colonist portfolio. On the other hand, strong kinship that 

marks many traditional communities is linked to use-rights of forest, water and labour 

resources (Coomes et al., 1997) and may underlie the relationship between rubber-era 

families and the traditional portfolio. On a community level, however, both rubber-

era and highway-era families share an ' invisibility' with respect to formal 

institutional structures, including limited social programs · and support (Brondizio, 

2004). 

The qualitative analysis similarly illustrates that the association between origin, 

livelihood practices and LULC cannot be systematically assigned or assumed. We 

observed, for example, two farmers of rubber-era origins that have some of the largest 

cattle herds and extensive pastures. These individuals were, however, not available 

for life course interviews, representing a caveat in our sampling design. On the same 

token, we observed several farmers from the highway-era who expressed repeated 

interest in agroforestry and pisciculture as a means to diversifying their production 

systems, although their motivations appear to be heavily mercantile. Some highway-

era women are very devoted to their orchards, gardens, and medicines. 
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Indeed, knowledge types, material values of nature, and symbolic meanings of 

livelihoods do radically differ with in these communities and are sometimes linked to 

household origin. In the case of forest-based knowledge, for example, there is an 

explicit link to origin, but this is more likely a product of gendered knowledge and 

social structures that favour certain power dynamics, rather than due to some 

' cultural' difference. With respect to worldviews and the values and meanings that 

define our relationship to nature, we observed that members of both groups share 

similar perspectives. Values and meanings can be renegotiated and reconstructed over 

time (Greider et al., 1994), especially in mixed-origin communities. With several 

decades of learning, negotiating, and exchange reflected in the life courses, it is 

unsurprising that we see a blend of values, meanings, worldviews and thus resource-

use practices across groups. We cannot, therefore, predicate that livelihood choices 

and LULC change are some cultural artefact linked to one social group (Browder, 

1995; Milton, 1998). Inquiry through a historical lens could provide further insight 

into the process of changing resource-use and land management practices in these 

communities (Nygren, 2000). 

3. 5. 6 Policy implications and research perspectives 

Regional development plans and research interventions are banking on families 

responding to incentives to reforest and preserve existing forests through a 

combination of payment for ecosystem services, agroforestry and/or forest product 

sales (FMS et al. , 2007; GTI, 2006; PLUPH, 2012; Rodrigues et al. , 2009). Our 

mixed-methods analysis opens new perspectives in this light. 

Firstly, the gendered nature of ecological knowledge has implications for how people 

use resources as well as population health, with medicines and diverse, nutritious 
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foods coming from the forest (Colfer, 2012; Wayland, 2001). Future research and 

intervention could consider more closely how knowledge is exchanged in gendered 

networks and how resource-use options and constraints are impacted by inequitable 

social structures and skewed power relations. Social network analysis, for example, 

could prove an interesting tool (c.f., Fatorelli, 2013; Mertens et al., 2005; Saint-

Charles et al., 2012). 

Secondly, finding meaning and value in nature, as some of our informants do, can be 

a powerful motivator for the adoption of alternative or sustainable resource 

management practices (Dwyer et al., 1991; Mayer et al., 2004). In some cases, bonds 

with the ecosystem may be of equal or greater significance than the extracted material 

goods (Chan et al., 2012a), indicating that the distinction between the 'real' and 

'imagined' value of ecosystems is not always clear for those who use them 

(Kanowski et al., 2009). This was evident in many interviews. It is of relevance to 

policy makers and researchers interested in payment for ecosystem services 

programs, as new approaches that move beyond conventional methods of assigning a 

dollar value to resources may be required (Chan et al., 2012a). 

Finally, households are practicing activities from multiple livelihood portfolios and 

no conclusions can be drawn regarding origin. Instead, a classification of households 

by their livelihood trajectory (intensifier, diversifier, etc) may be a more appropriate 

typology for resource management planning (e.g., Browder et al., 2008; Feamside, 

2008; Pacheco, 2012). Unlike static classifications that focus on natural capital (e.g., 

land holdings), financial capital ( e.g., income), or socio-historical groupings 

(Brondizio et al., 2009), such a classification recognizes the dynamic and evolving 

character of livelihoods in response to a plethora of political, ecological, and 

economic factors but also leaves space to include more nuanced factors that influence 

livelihood decisions, such as preferences, values, and beliefs. Depending on the 
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objectives of the study or intervention, different typologies may be more useful than 

others; yet it is of interest to reflect on how a given classification overlooks certain 

factors. 

3.6 Conclusion 

In four riparian, mixed-origin communities along the Tapaj6s River we characterized 

livelihood portfolios with a quantitative dataset (traditional, colonist, off-farm), each 

associated to different LULC types (secondary forest, pasture, and forest 

respectively). The analysis indicates that more rubber-era families are practicing 

activities from the traditional portfolio and more highway-era families are practicing 

activities from the colonist portfolio. Disaggregating and stratifying data according to 

matrilineal household origin, however, demonstrates that members from both the eras 

are participating in diverse activities. Multiple life courses were then qualitatively 

analysed to deepen our interpretation of these results and to explore why individuals 

choose to practice activities from a given portfolio. Recognizing that there is a 

plurality of forces that shape household decisions (e.g., institutional, economic, 

demographic factors), we cannot not make inferences on cause and effect. However, 

we do illustrate that gendered knowledge, visions of development, symbolic 

meanings and immaterial values attributed to livelihoods and nature shape an 

individual 's intended land and resource-use choices. We find that forest-based 

knowledge is more tightly linked to origin, but this appears to be symptomatic of 

access to gendered knowledge and social structures, rather than some cultural 

difference associated to a group. On the other hand, the varying ways of valuing and 

practicing livelihoods cannot be singularly determined by group attributes linked to 

historic lineage. 
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Policies and research intending to navigate socio-ecological sustainability or 

transition to forest-based economies could benefit from greater consideration of the 

intangible, immaterial forces that, as we have shown, can influence household 

resource-use choices. In particular, it would be of interest to better understand how 

these operate with in the context of larger institutional and economic forces. 

Smallholders are diverse in their activities, preferences and motivations, and this 

regional heterogeneity must be recognized. Working with this diversity in meaningful 

ways is challenging, but mixed-methods research can be helpful in recognizing and 

reconciling a broad range of values, beliefs, preferences, and worldviews and can 

assist in negotiating transitions towards sustainable livelihoods. 
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CHAPTERIV 

LIVELIHOODS IN THE TAPAJOS RIVER REGION IN THE BRAZILIAN 
AMAZON: AN ANALYSIS OF ACCESSIBILITY AND ACCESS THROUGH 

SOCIAL AND SPATIAL MODALITIES 

Jordan Sky Oestreicher, Marc Lucotte, Frederic Mertens, Leandra Fatorelli, Annie 
Beliveau, Stephane Tremblay, Johanne Saint-Charles, Robert Davidson, Christina 

Romana 

Abstract: Rural livelihoods are generated by complex social relationships and spatial 
patterns that influence a household's access to natural resources, information, and 
goods and services. In this article, we map livelihoods in four communities in the 
Brazilian Amazon to explore the social and spatial modalities of livelihood 
production and reflect on how they influence livelihood options and trajectories. 
Indicators were developed from survey data, geo-spatial analyses, and social network 
analyses. Three livelihood trajectories are identified using canonical analysis, each of 
which is intertwined with a specific set of social and spatial connections. 
Accumulators have agrarian, market-based livelihoods that tend towards 
capitalization and specialization. Local natural resources (forests and rivers) are not 
highly available to these households, although they do have higher access and 
connectivity with external economic networks and formal institutions. Diversifiers 
rely on varied types of natural resource extraction and small-scale agriculture for their 
livelihoods. Maintaining a trajectory of diversified practices is facilitated by highly 
available local natural resources and strong local social networks. Finally, the 
dependent livelihood practices subsistence agriculture and depends largely on 
external cash transfers from family remittances or government programs for financial 
capital. Based on these results and building on our knowledge of the communities, 
the discussion probes the mechanisms of access underlying these diverse spatial and 
social patterns of livelihoods, including social identity and relationships with formal 
institutions. 

Keywords: livelihoods; access; accessibility; social-networks; spatial analysis; 
Amazon; Brazil. Prepared for submission in: Geoforum 
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4.1 Introduction 

Over the last decades, agrarian and economic development in the Brazilian Amazon 

has brought about extensive deforestation and rapid urbanization (Davidson et al., 

2012; Fearnside, 1993 ; Fearnside, 2006; Kirby et al. , 2006; Nepstad et al. , 2009; 

Rodrigues et al. , 2009), shifting the way people in the region relate to each other and 

to their environment. As new challenges and opportunities arise for production and 

innovation, rural households must navigate these changing social relations and spatial 

configurations to make a living. Yet, who benefits from these changes and how they 

benefit will, in part, hinge on a household's access to information and resources so 

that they can respond to emerging opportunities (De Haan et al., 2005 ; Fafchamps et 

al., 2007; Salonen et al. , 2012). As households (re)construct their livelihoods over 

space and time (Dijk, 2011; Scoones, 1998), they follow path-dependent trajectories 

(Bagchi et al. , 1998) that are embedded in historical conditions (De Haan et al. , 2005, 

p. 43). But there are also numerous social and ecological influences (Dijk, 2011) 

including wealth, economic markets, pubic policy, the biophysical landscape, climate 

variability, cultural values and perceptions, among many others (Chambers et al., 

1992; De Haan et al. , 2005; Defries et al. , 2006; Fafchamps et al., 2007; Oestreicher 

et al. , 2014; Salonen et al., 2012; Zimmerer, 2007). 

Social network structures and power disparities influence decision-making and 

livelihood agency (Daskon et al. , 2010; Daskon et al. , 2012; De Haan et al. , 2005), as 

do the spatiality of social relationships and agricultural production (King, 2011; 

Salon en et al., 2012). Yet, such relational aspects are often overlooked in livelihoods 

research, which instead tends to focus on material and economic aspects of 

livelihoods, such as capitals and assets (c.f. , Bagchi et al., 1998; De Haan et al. , 2005; 

Dijk, 2011 ; King, 2011 ; Mcsweeney, 2004a; Oberhauser et al. , 2004; Pacheco, 

2009). Further attention is merited to unpack how social and spatial relations 
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influence livelihoods, and to better understand processes of social and environmental 

change. 

In this article, we map livelihoods in four communities in the rural Brazilian Amazon 

and explore the spatial and social modalities of access to information, natural 

resources and other goods and services of relevance to livelihood options. 

Quantitative data from individual and household surveys, geo-spatial analyses, and 

social network analyses were used to develop a set of spatially explicit, socio-

economic and ecosystem variables. Being exploratory in nature, this study uses a 

canonical analysis to elucidate relationships between variables. The discussion then 

considers the links between livelihoods and access. Following Ribot et al. (2003), we 

take access to be a "bundle of powers" that forms "the ability to benefit from things -

including material objects, persons, institutions and symbols". Access is broad and 

nuanced, encompassing institutions and political-economic structures. It is related to 

accessibility, which we take to be the degree of availability of a resource, good or 

service; said otherwise, it is the ease with which something can be reached by an 

individual or household. 

4.2 Study location 

The lower Tapaj6s River region (Figure 4.1) in the state of Para, Brazilian Amazon is 

an expanding agrarian frontier (Browder et al., 2008; Defries et al., 2004}- an area 

defined by land-cover change and national territorialisation through the geopolitical 

processes of colonization (Carvalho et al., 2002; Defries et al., 2004; Mustard et al., 

2004; Pacheco, 2012; Schmink et al., 1992). In the 1970s, the government 

implemented programs to develop the Amazon ¥Id integrate the region into the 
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national economy (Schmink et al. , 1992). Fiscal incentives were offered to small-

scale farmers from the northeast and the south of Brazil to migrate, occupy the land, 

and cultivate crops such as rice, beans and com (Carvalho et al. , 2002; Moran, 1981; 

Schmink et al. , 1992). The Transamazon and Santarem-Cuiaba highways were built 

to facilitate frontier expansion (Figure 4.1 ), and they have since been the main 

corridors for the mass movement of people, ideas, machinery, produce and raw 

natural resources (Kirby et al. , 2006). As such, the region has undergone major social 

and ecological shifts over the last 50 years, including important population increases, 

booms and busts of resource extraction, shifts between developmentalist and 

environmentalist political discourses, transitions from trade-based to capitalist-

integrated markets, and large-scale forest loss and ecosystem degradation (Baletti, 

2012; Cleary, 1993; Fearnside, 2006). 

Study Area 
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Small-scale farmers (who are the object of this study) are among the most active 

agents driving frontier expansion, as they represent a large portion of the rural 

population and account for a majority of land-use changes over the last decades 

(F earnside, 2008; Pacheco, 2012). Many small-scale farmers reside in roadside 

settlements that were built during the colonization regime for migrating families, but 

others live in riverside communities that existed prior to the construction of the 

regional highways. These communities have long been home to Amazonian families 

that traditionally practice shifting (slash-and-bum) agriculture, fishing and forest 

extraction (Oestreicher et al. , 2014). 

4.2.1 Participating Communities 

Four communities were asked to participate in the study (Table 4.1). They are located 

in areas that are still in the initial stages of frontier development and are occupied by 

small and medium-scale farmers. They were selected in order to capture the regional 

heterogeneity in the socio-ecological system based on: (a) location (riverside or 

roadside), (b) origin (Amazonian or colonist), (c) access to markets and participation 

in market economy ( distance from transportation infrastructure), ( d) time of 

settlement. 

The selection of these communities was also based on their involvement in pilot 

agroforestry projects - a requirement to meet the objectives of other, collaborating 

researchers. In three of these communities (Sao Tome, Nova Estrela, and Araipa) the 

intervention was carried out as part of the PLUPH (Poor Land Use, Poor Health) 

project (PLUPH, 2012). This interdisciplinary research and intervention project dealt 

with the effects of land-use change on human health. In the fourth community 

(Vicinal da Batata), the agroforestry intervention project was implemented by a local 
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NGO. Both pilot projects were similar in that they were undertaken with three to five 

families in each community within the last few years. Harvest and financial returns of 

these agroforestry systems can take several decades (Tremblay et al. , 2014), thus 

these interventions are not, as of yet, likely to have a significant material impact on 

local livelihoods. 

4.3 Materials and Methods 

4. 3.1 Household and individual interview data 

Livelihoods have been defined in many ways across a number of fields (Chambers, 

1995; De Haan et al. , 2005 ; Ellis, 1998). In a broad sense, they are the "everyday 

practicalities and diverse modes of making and defending a living" (Long, 2000, p. 

186). More specifically, Carney (1998, p. 2) defines them as comprising "the 

capabilities, assets [ ... ], and activities required for a means of living." The widely 

referenced Sustainable Livelihoods Approach builds on a similar definition, 

proposing a typology of five measurable capitals/assets: social, human, physical, 

natural, and financial (Scoones, 1998). 
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Table 4.1 Comparison of the four communities studied. 

Socio-ecological gradient 

Community Sao Tome Araipa Nova Estrela Vicinal da Batala 

Waterside: along the Tapaj6s Roadside: along the BR-230 Roadside: along the BR-163 
Waterside: along the Tapaj6s River. In (secondary road). Medium 

Location and 2006 a road was build to connect the River. In 2003 a road was build (secondary road) . Small seasonal sized, in-land river, small 
infrastructure (Figure community to the BR-230. Current to connect the community to the streams and small constructed seasonal streams, large BR-230. Cunent conditions pools/weirs are present for 4.1) conditions make road transportation make road transportation fishing, but are not viable for constructed pools/weirs are 

limited: present for fishing, but are not limited. transportation. viable for transportation. 

Population 123 people, 26 households 207 people, 37 households 156 people, 27 households 173 people, 44 households 

Participation in formal Low: mostly autarkic, some market Medium-low: semi-autarkic, Medium : market participation High: market participation 
market economy participation market participation 

Long: established over 80 years ago, Medium: established over 60 Short: established 30 years ago, Short: established 30 years ago, 
Settlement history indigenous populations living there years ago following the government-led following the government-led 

before colonization program colonization program 

Community origin Mostly rubber-era families Mixed rubber-era and highway- Mostly highway-era families Mostly highway-era families era families 

Small-scale farming and fishing . Some Small-scale farming, ranching . Medium-scale ranching and Mix of medium-scale farming 
Livelihood activities hunting and gathering. Minimal, small- Minimal fishing , hunting and small-scale farming . Wage labor. and ranching. Wage labor and 

scale ranching activities gathering activities. employment. 

Highly fragmented landscape of mostly Fragmented landscape of old Small to large patches of Large patches of pasture land 
Landscape description old growth forest and secondary forest; growth forest and secondary agriculture and pastureland. and some agriculture . Minimal 

(2009) small patches of agriculture and forest; small to large patches of Minimal old growth and old growth and secondary forest 
pastureland agriculture and pastureland secondary forest growth . growth. 

t Based on examination of land-use/land-cover maps for the region developed by Rozon et al (2014) 
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.To characterize livelihoods, questionnaires were developed by four researchers with 

unique fields of expertise and different, yet complementary research objectives. Both 

open and closed-ended questions were selected to meet the communal and individual 

needs the researchers while maximizing the quality of data collection, reducing 

uncertainty and error, and minimizing the time required for the interview. Household 

surveys were conducted in rotating pairs in 2011 and 2012, with gender parity of 

interviewers when possible. A total of ten different interviewers were involved, two 

Canadians and eight Brazilians (seven of which were from the study region). To 

ensure consistency in the interviewing process, a training session with all 

interviewers was undertaken to standardize the implementation of the questionnaire 

and to further refine the form and content. In-situ tests of the questionnaire were also 

undertaken with a small subset of informants in Communities Sao Tome and Araipa 

to evaluate the feasibility of the structure and content of the questionnaire prior to 

implementation on a larger scale. 

Informants were asked questions on five themes related to their livelihoods: 1) 

individual and household demographics 2) household land holdings, income, and 

other assets, 3) household agricultural production and sales 4) individual extraction 

from the forest and water, 5) individual social networks. To collect household-level 

data (addressing themes 1-3) both the man and woman household heads were 

interviewed whenever possible. The household is defined as a family-based group of 

individuals who share social and economic responsibilities so as to meet their primary 

needs; family is used synonymously. For individual-level data (themes 4-5), all 

community members over the age of 15 were interviewed. This design aims for a 

complete sample of the population, as opposed to random or stratified sample. This is 

necessary for network analysis, which is of importance to this study as well as to one 

of our collaborators (Fatorelli, 2013). 
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4.3.2 individual and household demographic data 

Each informant was asked their age, gender, education level, place of birth, and the 

amount of time they have been residing in the community. Involvement in formal and 

informal groups, associations and collectives ( e.g., church, unions, associations, 

women's groups) was also documented. 

To determine how individuals distribute their time among their various livelihood 

activities, informants were asked to distributed a total of 20 beans in accordance with 

the amount of time they typically spend doing any of the following eight activities: 

agriculture, pastoral activities, hunting, forest gathering, fishing, employment (wage 

or salary work), home and garden/orchard tending, and other (which informant's self 

identified, with responses ranging from church, crafts, sports, etc.). Each activity was 

depicted as a pictogram in a pie chart. 

4.3.3 Household assets 

Household heads were asked to document major material assets, including land 

holdings and livestock. All income sources were identified and the annual income 

from each source was noted for the current year. Recent lines of credit and loans were 

documented. These questions were asked to both household heads, as they are 

assumed to be shared by all members in a household. 
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4.3.4 Household production and sales 

Informants (household head, man) were asked to describe their previous year in 

agricultural production. Minor activities (e.g., sales of garden products) were noted, 

but the amounts produced were not documented, as it was often difficult for 

informants to recall minute amounts. Sales from all agriculture and livestock were 

also documented. 

4. 3. 5 Individual forest and water resource extraction 

The items that individuals extract from the forest, including medicines, fruits , nuts, 

oils, construction supplies, and game, were documented for both household heads. It 

was noted if they extracted from their family land or from another lot. Informants 

were also asked to document their reason for fishing and to identify their primary 

fishing spots. 

4. 3. 6 Individual social networks 

Data on six local social networks was collected: Exchanges of information on 1) 

production (agriculture and ranching), 2) fishing practices, and 3) environmental 

changes and exchanges of material goods including 4) fish, 5) plants, and 6) labour. 

All informants were asked with whom they exchange information that is important 

for their production (agriculture/ranching) and fishing practices. They were also 

asked with whom they discuss issues related to changing environmental conditions. 
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For fish exchange networks, the (woman) household head was asked to name the 

individuals from whom the family had bought, traded, or taken fish. For plant 

exchanges, all informants were asked with whom they exchanged plants, seeds, or 

seedlings. For work exchanges, the (man) household head was asked to name the 

individuals that work on the family farm as traded or hired labourers. The different 

sample populations were chosen to reduce interview time. Based on our knowledge of 

local gender norms, we assume that women will be more aware of fish exchanges 

because they tend to oversee household cooking. Men will be more aware of who has 

worked on the family farm, because they often organize agriculture and ranching 

activities. 

Using the social network analysis program, UCINET (Borgatti et al., 2002), the 

degree centrality for individual actors ( ego-network) was calculated for five of the six 

networks. This commonly used metric describes how an individual is connected to 

others and is based on the postulation that the more central an actor is in a network, 

the more active they will be and the more control they will have over interactions 

between other individuals (Freeman, 1979). Each community was considered to be its 

own closed network. Because communities vary in population size (Table 4.1), all 

centrality measures were normalized. Material exchange networks (plant and fish 

resources) are considered to be asymmetricai, yielding two centrality measures. Out 

Degree is based on the number of people an individual gives goods away to while In 

Degree is based on the number of people an individual receives goods from. 

Conversely, information exchange networks are considered to be symmetric, thus 

only one centrality measure is calculated (degree). We assume that once a 

relationship is made in an information network, there is equal possibility of exchange 

between actors, thus the d~ection of information flow is not considered important. 

For work exchange networks, we simply calculate the number of times an individual 

was cited. 
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4. 3. 7 Spatial Data I: Cadastral map 

To develop indicators on land holdings and spatial patterns of resource use, a 

cadastral map was developed (from compiled geospatial data and collected field 

data), as no comprehensive or publically available map exists. Firstly, cadastral data 

from the Cadastramento Rural Ambiental (CAR) program, a mapping initiative 

spearheaded by the Ministerio do Meio Ambiente (MMA) was obtained (MMA, 

2012). This data source provides spatial information for the majority of lots in Vicinal 

da Batala and Nova Estrela (about 70% of properties have been delimited by the 

programme); however, data is limited for Araipa ( about 25% of properties have been 

evaluated) and for Sao Tome (none of the lots have been evaluated). In these latter 

two communities, ground-truth data were collected: at least two points that mark the 

boundaries between neighbouring lots were identified using a hand-held Garmin GPS 

(Global Positioning System) device. To compliment geospatial data, interviewed 

households in all communities were asked to draw a detailed map of their farm to 

identify characteristics that could assist in geospatial delimitation and identification 

of lots: 1) layout and size of current land-covers (primary and secondary forest, 

agriculture, pastureland), 2) dimensions of lot; 3) neighbouring lots; 4) outstanding 

geographic characteristics (streams, roads, houses, etc.). When required, this data 

were triangulated with similar drawings produced in 2008 by the PLUPH team 

(PLUPH, 2012). 

A meticulous cadastral mapping procedure was then undertaken. Polygons 

representing household farms were drawn using the CAR map, ground-truth data, 

drawings, 2011 SPOT-5 satellite imagery (graciously provided by the SEAS-Guyane 

Project: www.seas-guyane.org), and road and stream networks from the IBGE 

(Jnstituto Brasileiro de Geografia e Estatistica) (MMA/IBGE, 2012). The 

boundaries, dimensions, and land-covers types and sizes identified by informants 
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were respected. In some cases, lots overlapped with others, which is likely an 

indication of contested land tenure that informants often referred to during interviews. 

Indeed, the official CAR data also exhibits many overlapping boundaries and this is 

common other areas of Para (Simmons et al. , 2007a). The mapping procedure was 

guided by and validated with our in-depth geographical knowledge of the 

communities and triangulated with data collected by other members of the PLUPH 

project (Gregoire, 2010; Quartier, 2012). 

4.3.8 Spatial Data II: Land-use/Land-cover 

The portion of forest cover and agriculture/pasture cover on each lot was calculated 

using land-use/land-cover (LULC) data from 2009 (Rozon et al., 2015). In the present 

study, forest cover is the sum of the following three LULC classes as defined by 

Rozon et al: (1) slightly altered old-growth forest - dense and humid tropical forest 

that has been subject to minor anthropogenic disturbance, (2) late successional forest 

- ligneous vegetation more than ten years old, with a closed canopy, (3) early 

successional forest - ligneous vegetation less than ten years old, with an open 

canopy, typical of agricultural lands left in fallow. Agriculture and pasture cover is 

the sum of the following two classes as defined by Rozon and colleagues: (1) crop 

land and pasture - herbaceous vegetation, typical of family farms and pastures, (2) 

bare soil - most zones without vegetation and/or showing areas of exposed soil. 

4.3.9 Spatial Data III: Distance measures 

To develop geographic accessibility indices (described in the following section), we 

calculated Euclidean distances between the following points of interest: house to 
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primary fishing spot, house to family lot, and house to community center. All houses 

were mapped using a GPS device and are defined as the primary place of residence. 

Fishing spots were mapped with the help of local fishers. The centroid of polygons 

representing family lots were used for distance to and from lots. The community 

center was defined as the equidistant point between the community school and 

church. 

All spatial data manipulations and calculations were performed using the GRASS 

(Geographic Resources Analysis Support Systems) platform (GRASS Development 

Team, 2012) and QGIS software (QGIS Development Team, 2012), both of which 

are open-source Geographic Information Systems (GIS). 

4.3.10 Data Analysis: Correspondence Analysis 

Using the available data, indicators were developed that describe different types of 

accessibility and livelihood activities (Table 4.2). These indicators can be thought of 

as broadly falling into different types of livelihood capitals, as per Scoones (1998). 

Natural capital includes indicators of land size (Prop) and different land-covers 

(AG_For, AG_Ag). Physical capital is often linked to infrastructure, which we 

consider further in a qualitative manner in the discussion. However, accessibility to 

markets and social services is expressed through the distance to the community 

variable (AG_ Com). Indicators of financial capital include use of loans and credit 

(Loans) and various income variables (PerCap, Dep variables, Div_income). Human 

capital includes demographic variables, such as individual education, age, origin, 

gender, etc. and household size (Hs) which is an main source of labour for farmers 

and will thus influence livelihood trajectories (Walker et al. , 2000). Indicators of 
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social capital include memberships and participation in groups, associations and 

unions (Al variables) and the various social network metrics (Alinfo and AEx 

variables, AS variables). Indicators of livelihood activities include the use of natural 

resources (Use_Fish, Use_For), agricultural activities (Use_Ag and Div_Prod), and 

animal husbandry (Catt and Anim variables). The annex provides further information 

on indicator development. 

To explore relationships among livelihood and accessibility variables and elucidate 

patterns in the dataset, we use correspondence analysis (CA). CA returns a two-way 

contingency table of the distance between dependent variables, as defined by the 

Pearson's chi-square metric. The total variance, or inertia, is calculated as the sum of 

squares of all values in the contingency table and is used to compute eigenvalues for 

the entire dataset. The eigenvalues then determine a score for each object 

(representing individuals in this case) and each variable (access and livelihood 

variables). This method may be used with data of continuous, ordinal and binomial 

data types. 
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Table 4.2 Livelihood and accessibility/access variables 

Variable catagory Variable Description 
code 

AG_x =Dx- 1
• (Sx· Tx) 

Dis the distance (km) to the resource. For aquatic resources, this is the distance from the house to an individual's 
Geographic primary fishing spot. For agricultural and forest resources, this is the distance from the house to the center of the family 

accessibility of natural AG For farm . Sis the stock, or availability, of the resource. For aquatic resources (AG_Fish), S is a qualitative indicator assigned 
resources, including AG Fish to fishing spots and varies according to the relative abundance and size of aquatic species found in each. Streams are 
forests, aquatic and AG_Ag assigned a value of I , rivers are assigned 2 and lakes are assigned 3. The scale is developed based on consultations with 

arable land local fishers. For forest (AG_For) and agricultural land resources (AG_Ag), S is the total area (km2
) of forest cover or 

agriculture/pasture cover, respectively, on the family farm (as per Rozon et al., 2014). Tis the portion of time spent 
participating in activity that involves agriculture, forest product extraction or fishing activities. See supplementary data 

for detai ls on the development of this indicator 

Geographic 
accessibility of other 

material resources AG Comm AG_Comm is the distance (km) from home to community, which is typically where other types of transportation can be 
( markets, banks, taken to get to major cities or other areas for services 

shops, social services, 
etc.) 



Information 
accessibility through 

participation in 
research and 

intervention projects 

Information 
accessibility through 

local and regional 
associations 

Information 
accessibility through 
community networks 

AI_Proj 

AI Chur 
AI Asso 

Aiinfo_Ag 
D 

Alinfo Fis 
hD 

Alinfo Env 
tD 
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n. 

Al _Proj = IP; 
i - 1 

Sum of project participation.Pis a binomial variable that takes a value of I ifan individual has participated in activities 
related to research and intervention projects; it takes O otherwise. Participation in projects includes any self identified 

involvement in formal technical assistance or capacity building activities related to the production of agriculture, 
primary and secondary forest product extraction, or aquatic extraction (i.e ., aquaculture, fishing practices). This includes 

involvement in the PLUPH and NGO agroforestry interventions. We consider participation to be involvement in any 
meetings or capacity building activities related to these projects 

n. 

Al _x = I .tx; 
i - 1 

xis the type of association. For Al_Church, this is any church. For AI_Asso this is any formal interest groups (farmers' 
associations, rural workers' unions).fis the frequency at which an individual attends activities related to a given 
association. For Al_Church, this is attendance of weekly sermons. For AI_Asso this is attendance ofassoc_iation 

meetings.ftakes a value of I if the individual attends rarely, 2 if often, and 3 if always. 

Alinfo is the degree centrality of an individual in a given information network, either related to agricultural practices 
(Alinfo_Ag), fishing activities (Alinfo_Fish), or changes in the biophysical environment (Alinfo_Envt) 
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Resource use: forest, 
aquatic and arable land 

resources 

Diversity of 
production and income 

sources 

Dependence on 
income sources 

Access through social 
networks to natural 

resources ( forest 
products and arable 

land) 

Access through social 
networks to labor 

oppmiunities 

Use For 
Use Fish 
Use_Ag 

Div Prod 
Div lncom 

e 

Dep_ Work 
Dep_Ext 

Dep_Mark 

AS_Agri 
AS For 

AS Work 

n 

Use_x = Iuxi 
i = I 

U takes different values, depending on the resource. For forest resources (Use_For), U is any item extracted by the 
individual from the forest for medicinal , nutritional , or construction purposes. Each item takes the count of 1. For 

aquatic resources (Use_Fish), U is the reason an individual cited for fishing. The variable was scored as follows: l if 
fishes for leisure, 2 if fishes for consumption, 3 if fishes for sale or trade. For agricultural land resources (Use_Ag), U is 
the total amount (kg) of crop (primary cash crops of cassava, corn, rice, beans, bananas) produced by the household in 

the last year. 

n 

Div _x = 2Dx; 
i - 1 

For production diversity, (Div _ Prod) Dis any item produced by the household (for sale or consumption) originating 
from orchards, crops, garden, or agro-forestry systems. Each item takes the count of 1. For income diversity 

(Div_Income) Dis a category for household income sources. The five categories are: sales of crops and livestock, 
permanent employment, wage labor, government sources (retirement pension plans, balsas), family remittances. Each 

category is attributed a value of I. 

The portion of total annual household income that comes from a given sector. For Dep_ Work, this includes income from 
any employment activity (permanent and wage labor). For Dep_Ext this includes cash transfers from external sources 
(remittances from urban family members, retirement pension plans, or balsas). For Dep_Mark this is income from the 

sales of crops and I ivestock. 

AS is a binomial variable that takes a value of I if the individual uses another family's private resources, or O if not. For 
agricultural land resources (AS_Agri), this represents the use another family 's farm for household agricultural or 

livestock production. For forest resources (AS_For), this represents the use of another family ' s forest for individual 
extractivist activities. 

Individuals from one household will often assist other households in the community with productive activities (e.g., 
planting, cassava transformation, etc.) in exchange for goods and services. AS_ Work is the total number families that an 

individual usually assists. 
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ASEx Prod 
m -

Access through social ASEx Prod AS _Ex is the degree centrality of an individual in the direct material exchange network. For household production networks to resources out 
(material exchange ASEx Fish (ASEx_Prod), this includes the exchange of seeds, seedling, or plants related to agriculture, orchards, gardens, or forests. 

networks) m For aquatic resources (ASEx_Fish), this includes the exchange offish. 
-

ASEx Fish 
out 

Education Educ Total number of years of formal education (individual) 

Gender Gend Gender identity of the individual, takes a value of0 for men and I for women 

Origin Orig The place of birth of the individual, takes a value of0 if born in the Amazon region and I if born elsewhere 

Age Age The age of the individual in years 

Household size Rs Hs is the total number of people supported by the household 

Total per capita household income from employment activity (permanent and wage labor with in the community and in 
Per capita income PerCap other communities), cash transfers (family remittances, retirement pension plans, or balsas) and the sales of crops and 

livestock. 

11 

Anim = L Lx· Sx 
i - 1 

Household domestic 
x is the type of domestic animal, which includes horses, goats, sheep, buffalo, donkeys, swine, poultry ( chickens, ducks, 

other birds), fish, wild (e.g., collard peccary) 
animal index Anim L is total number of animals for a given type of domestic animal 

(excluding cattle) Sis a score that is attributed to each domestic animal type, in order to equalize the count of animal heads according to 
their economic importance: horse = 8, goat = 4, sheep= 4, buffalo= 7, donkey = 7, pig =3, poultry (chickens, ducks, 

other) = 1, fish = 1, wild = 1 
n is the total number of domestic animal types 
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Catt= L· S 
Household cattle index Catt L is the total number of cattle heads 

Sis the score attributed to cattle (value of 10). Cattle are considered separately from other domestic animals because, in 
the Amazon, they are often used by smallholders as an " investment bank" to secure assets 

Property size Prop Total land area held by the household (km2
) 

A categorical variable representing the legal land tenure status of the family farm. For farms with no title, this takes a 

Land tenure status Title value of 0. For farms with documents that are only partially recognized (e.g., autorizar;ifo de ocupar;iio, titulo 
provis6rio/autodeclarar;iio de posse, licenr;a de ocupar;iio) a value of I was assigned . For legally recognized titles (e.g., 

titulo definitivo) a value of2 was assigned. 

Household bank loans Loans A binominal variable that takes a value of l if the family has any loans or credits and O if the family does not. This type 
of financial capital is often distributed through banks or rural extension groups. 

Resident community Comm Categorical community identifier variable. If the individual resides in Silo Tome, the value takes 1, 2 for Araipa, 3 for 
Nova Estrela, and 4 for Vicinal da Batata 

Tech=M+A 
Household use of Mis a binomial variable representing the use of motorized equipment for agricultural production, including tractors, 

technology for Tech chainsaws and electric mowers. It takes a value of l if the fami ly uses equipment, otherwise it takes a value ofO 

production A is a binomial variable representing the use of any agricultural input used to enhance production that is of chemical or 
natural origin (i.e ., pesticides, fertilizers, insecticides). It takes a value of l if the family uses equipment, otherwise it 

takes a value ofO 

Time in community Time Time (years) that an individual has been living in the community 
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CA was performed with access and livelihood variables (Table 4.3) using the Vegan 

package (Oksanen et al., 2007) in R, an open-source statistical software (R Core 

Team, 2012). Because the method is based on the non-parametric, chi-square 

distance metric, there are very few data assumptions; however, data must be 

nonnegative, dimensionally homogenous, and frequency-like (Borcard et al., 2011; 

Legendre et al. , 2012). All data were measured with different units and on different 

scales; as such, all entries were standardized using the frequency method (Oksanen 

1983), which renders each data entry of equal importance and thus removes the effect 

of rare or abundant data. CA is sensitive to outliers, so care was taken to sequentially 

remove them from the dataset upon examination of object scores. With this and the 

elimination of missing/incomplete data, CA was performed on 128 individuals. 

Livelihood and access variables were plotted on a biplot to visualize results. Objects 

were not plotted because we are interested in the relationships among variables rather 

than between individuals, and because cluttering visual made interpretation of the 

results difficult. It was, however, assured that objects were not distributed in an arch 

or horseshoe pattern that is sometimes observed in CA and may be indicative 

problems with the analysis (Borcard et al. , 2011 ). 

4.4 Results 

There are important inequalities among individuals (Table 4.3), in particular in per 

capita income and cattle herd size. In addition, less than a third of the population has 

received loans or uses technology to increase productivity on farms (Loans, Tech 

variables). Agricultural land is far more accessible than forests on most properties. 

Considering that the AG variables reflect both the amount of the resource as well as 

the distance to the resource, deforestation levels generally appear to be high and 

forests are generally further from homes than agricultural resources. On the other 
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hand, there is a good balance between men and women in the sample population as 

well as in the origin variable, with slightly more than half of the informants being 

non-Amazonian immigrants (colonists). The mean age is high (48), which is to be 

expected given that we considered only household heads in the analysis. 

Table 4.3 Descriptive statistics for variables considered in the analysis 

Variable Variable description ( units of measurement) Variable std.dev 
category code mean 

Forest resources (function of km from AG For 0.04 0.07 primary residence and resource availabilitv) 
Arable and farmed land (function ofkm from AG_Agri 0.60 0.50 

Geographic primary residence and resource availabilitv) 
accessibility Aquatic resources (function of km from AG Fish 0.07 ·0.08 primary residence and resource availability) 

Community center (km from primary AG Com 2.55 3.04 residence) 
NGO and PLUPH project participation (0 = 
does not participate / 1 = participates in one AI_Proj 1.00 0.54 

proiect/ 2 = participates in both) 
Associations (frequency of meeting AI Asso 2.11 2.26 attendance, 1 = rarely, 2 = often, 3 = always) 

Information Church (frequency of weekly sermon 
accessibility attendance, I = rarelv, 2 = often, 3 = alwavs) AI Chur 0.96 1.42 

through various Discussion of agricultural practices ( degree Alinfo_Ag activities 
centrality) D 2.85 3.62 

Discussion of fishing practices ( degree Alinfo Fish 1.40 2.29 central itv) D 
Discussion of environmental change ( degree IAiinfo Env1 2.29 2.31 centralitv) D 

Forest resources (number of products Use For 6.95 3.79 extracted) 
Aquatic resources (0 = does not fish/1 = 

Resource use fishes for leisure/ 2 = fishes for consumption, Use Fish 1.52 1.30 
3 = fishes for sale or trade) 

Arable and farmed land (kg/year) Use_Ag 3190.0 4588.69 9 
Agricultural production types (number of Div Prod 2.66 2.42 

Diversification crops produced annually) 
Income sources (total number) Div Income 2.32 0.76 

Dependence Market sales (proportion of annual household Dep Mark 0.22 0.27 
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income) 
Employment (proportion of annual household Dep_Work 0.58 0.35 income) 

External income sources (proportion of Dep_Ext 0.19 0.24 annual household income) 
Arable and farmed land (0 = does not use 
another' s land to farm/1 = uses another' s AS_Agri 0.25 0.53 

land) 
Wage labor opportunities (0 = does not AS Work 0.74 1.16 participate in wage labor /1 = participates) 
Forest resources (0 = does not access AS For 0.52 0.50 resources/1 = accesses resources) 

Access through Provides agricultural products in exchange ASEx Prod social networks and trade networks (degree centrality) D out 1.13 1.42 

Receives agricultural products in exchange ASEx Prod 1.25 1.94 and trade networks (degree centrality) Din 
Provides fish in exchange and trade networks ASEx Fish 0.57 1.87 ( degree centrality) D out 
Receives fish in exchange and trade networks ASEx Fish 0.76 3.69 (degree centrality) Din 

Annual per capita income PerCap 3363.2 2971 .38 7 
Cattle index (function of total number of Catt 296.92 391.59 heads owned by household) 
Domestic animal index (function of total Anim 60.68 67.67 number owned by household) 

Loans (0 = household has not received/ I = Loans 0.34 0.48 household has received loans) 
Technology for production (0 = household 

does not use/ 1 = household uses either Tech 1.12 1.00 motorized equipment or agricultural inputs, 2 
Assets and = household uses both) 

demographics Property size (km2
) Prop 83.75 41.20 

Land tenure status (0 = no legal title/1 = Title 1.95 1.49 indefinite title /2 = legal title) 
Community name ( dummy variable 1 thru 4 Comm 2.77 1.22 representing the 4 communities) 

Household size (total number of people) Hs 4.26 2.28 
Gender (0 = woman/1 = man) Gend 0.52 0.50 

Age (years) Age 48.45 14.98 
Origin (0 = born in Amazon region; 1 = born Origin 0.60 0.49 elsewhere) 

Time residing in community (years) Time 22.02 12.04 
Education (years) Edu 4.00 3.76 
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The first canonical axis (CAI, Table 4.4) describes much of the dispersion among 

livelihoods and accessibility, as indicated by the higher variable scores along this axis 

relative to other axes and the higher proportion of variance explained (14%) (Table 

4.4). This axis discriminates among practices that are subsistence and small-scale on 

the positive side and market-oriented and larger-scale on the negative side. On the 

positive side are indicators of extractive livelihood practices, such as fishing 

(Use_Fish) and forest use (AG_For), and indicators of accessibility of labour, land, 

and forests resources through social networks (AS_ Work, AS_Ag, and AS_For 

respectively). Almost all of the information accessibility (AI) and geographic 

accessibility (AG) variables are on the positive side of the first axis. In contrast, 

variables that are indicative of market-oriented, specialized and intensified livelihood 

strategies are on the negative side of the first axis. This includes more animal heads 

(Catt, Anim), higher agriculture production outputs (Use_Ag), increased dependence 

on markets (Dep_Mark), higher income (Percap), and loans (Loans). Both 

community variables (AG_Comm, Comm) are on the negative side of the axis. 

The second canonical axis (CA2) describes another 7% of the variance among 

individuals and discriminates the sample by agriculture-based livelihood activities 

and other types of activities. On the positive side, higher agricultural outputs 

(Use_ Ag), more diversified agricultural production (Div _Prod), higher dependence 

on markets (Dep_Mark) and on external income sources (Dep_Ext). On the negative 

side of the second axis are other types of livelihood strategies, including variables 

linked to extractive practices (e.g. , fishing) or to employment (Dep_ Work). The 

second axis also discriminates individuals who are giving fish and plant resources 

(AS_ExFishD_out, AS_ExProdD_out) and those that are taking them 

(AS_ExFishD_in, AS_ExProdD_in). 
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Table 4.4 Variable scores for the first four canonical axes (CA). 

CAI CA2 CA3 CA4 
AG For 0.61 0.00 0.73 0.16 
AG Agri 0.33 0.04 0.00 0.18 
AG Fish 0.45 -0.51 0.15 0.04 
AG Com -0.78 -0.08 -0.18 0.08 
AI Proi 0.16 0.00 -0.11 -0.07 
AI Asso -0.25 0.20 -0.16 0.05 
AI Chur 0.52 -0.49 0.20 -0.41 

Aiinfo AgD 0.32 0.64 0.16 0.29 
Aiinfo FishD 0.78 -0.32 0.28 0.12 
Alinfo EnvtD 0.19 0.19 0.21 0.13 

Use For -0.02 -0.06 -0.03 -0.10 
Use Fish 0.29 -0.36 0.10 · -0.04 
Use Ag -0.52 0.48 0.42 -0.35 

Div Prod -0.10 0.43 0.06 -0.23 
Div Income 0.01 -0.03 -0.14 -0.03 
Deo Mark -0.16 0.32 -0.39 0.48 
Dep Work -0.06 -0.40 0.21 -0.09 
Deo Ext 0.40 0.44 -0.53 -0.67 
AS Agri 0.40 -0.40 -1.01 -0.34 
As Work 0.69 0.58 -0.30 0.07 
AS For 0.36 -0.19 -0.22 -0.18 

ASEx ProdD out 0.42 -0.17 0.09 0.08 
ASEx ProdD in 0.15 0.40 0.25 0.66 
ASEx FishD out 1.09 -0.63 -1.39 1.17 
ASEx FishD in 0.90 0.11 -0.88 1.77 

Hs 0.07 0.01 -0.11 -0.13 
PerCap -0.45 -0.41 0.07 0.11 
Anim -0.39 -0.01 0.26 0.04 
Catt -0.90 -0.10 -0. 16 0.40 
Prop -0.15 0.00 -0.01 0.04 
Title -0.03 0.07 0.14 -0.30 
Educ 0.01 -0.45 -0.13 -0.06 · 
Gend 0.23 0.09 0.21 0.26 
Origin -0.09 0.06 -0.09 -0.11 
Age -0.06 0.01 -0.01 -0.04 

Loans -0.38 -0.07 0.04 -0.23 
Comm -0.18 0.00 0.03 -0.11 
Time -0.01 -0.11 -0.07 0.01 
Tech 0.02 0.24 0.05 0.03 

Proportion 0.1372 0.0793 0.0659 0.0653 Explained 
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Cumulative 0.1372 0.2165 0.2824 0.3478 Proportion 
Total Inertia 0.9483 

Plotted together, the first two axes indicate that there are five clusters of livelihood 

and accessibility variables (Figure 4.2). Firstly, variables related to natural resource 

extraction are clustered in the lower right quadrant (Figure 4.2), especially those 

linked to fishing practices. This includes accessible fishing information, accessible 

aquatic resources, and the extraction of aquatic resources (AI info _FishD, AG _Fish, 

Use_Fish respectively). These individuals also have higher geographic accessibility 

to forest resources (AG_For) and will also tend to provide fish and plant resources to 

more members of their community (ASEx_FishD_out, ASEx_PlantD_out). This 

group is also marked by more accessible forest and land resources through social 

networks (AS_For, AS_Agri respectively). These variables are in extreme contrast 

with the Use_Ag and Dep_Mark variables, indicating that individuals who rely on 

extractive practices also implement smaller-scale agricultural systems, usually for 

subsistence, relative to the rest of the sample population. Finally, these individuals 

frequent church more often (Al_ Chur). 
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Figure 4.2 Biplot of livelihood and accessibility/access variable scores from the first and second canonical axes, CAl 
and CA2. The variables are clustered according to different livelihoods: natural resource extractors (Cluster 1); 

livelihoods that are dependent on social support and cash transfers (Cluster 2); market-based agricultural production 
livelihoods (Cluster 3); ranching (Cluster 4); and formal employment (Cluster 5). 
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The second cluster (Figure 4.2) is marked by variables representing dependence on 

social support and subsistence agriculture. Social support includes, for example, cash 

transfers from urban family members or the state (Dep_Ext), wage labour 

opportunities through social networks (AS_ Work), and receiving fish and plant 

resources from members of their community (ASEx_FishD_in, ASEx_PlantD_in). 

While farms from this group have more land dedicated to agriculture and this land is 

more geographically accessible (AG_Ag), these households do not tend to sell their 

products on regional markets, as indicated by the distance from the Mark_ Dep 

variable. This indicates that this group depends primarily on subsistence agriculture. 

Low annual income relative to the sample population marks this livelihood, as 

indicated by the extreme contrast with the PerCap variable. These individuals are 

more central in agricultural information exchange networks (Aiinfo_AgD) and, to a 

lesser extent, in environment information exchange networks (Alinfo_EnvtD). 

In the upper left quadrant, variables related to market-based agricultural production 

are clustered (Figure 4.2), including higher agricultural output (Use_Ag), higher 

number of cash-crops being produced (Div _Prod), and a dependence on the market 

for income (Dep_Mark). Individuals here will also likely use motorized equipment 

and inputs to enhance production (Tech) and receive plant resources from more 

members of their community (ASEx_PlantD_in). The agricultural output (Use_Ag) 

and land resource availability (AG_Ag) are divided by the first axis, which indicates 

that households with market-based livelihood strategies tend to have more intensified 

production practices; that is, they produce higher yields on smaller lots of land. This 

is facilitated by the use of motorized equipment and fertilizers (Tech). People with 

market-based agricultural production strategies are also more involved in associations 

(AI_Asso). A majority of the associations cited by informants are linked to 

agriculture or ranching activities and are officially recognized by the state as a 

political entity ( e.g., union of rural agriculturalists). 
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In the lower left quadrant, individuals with high per-capita income (PerCap) are 

discriminated by two clusters of variables (Figure 4.2). The first cluster is related to 

ranching activities as indicated by the larger number of animal heads (Catt, Anim). 

Ranchers tend to be in closer proximity to their community (AG_Comm) and have 

taken out loans. The second cluster is related to dependence on employment activities 

for income (Dep_ Work), which is also linked to the level of education. People who 

depend on a singular income source ( employment or ranching) will tend to be less 

connected in information and material exchange networks (Alinfo and ASEx 

respectively) and have lower accessibility to natural resources (AG variables). 

When objects scores (individuals) are projected into canonical space along the first 

two axes and color coded according to community (not shown due to cluttered 

visualization), many members of Vicinal da Batata are concentrated in clusters 3 and 

4. Other communities, however, are well dispersed in canonical space. Similarly, 

when objects scores were color coded according to location of the house (roadside or 

riverside), it was found that many roadside households are dispersed among clusters 

2, 3, and 4, while riverside households are most concentrated in cluster 1. The 

numerical results of the analysis are shown in Table 4.4. 

Building on life history interviews conducted by Oestreicher et al. (2014) in two of 

the study communities and other research in the Amazon (e.g., Brondizio et al. , 1999; 

Pich6n, 1997), we categorize these clusters into three livelihood trajectories related to 

farm-production and natural resource use: dependent, diversifier, accumulator. 

Accumulators are households that are accruing material assets such as land, livestock 

and cash (Hecht, 1993; Pacheco, 2009). This group is made up of both market-based 
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agricultural production and ranching clusters, which we consider together because in 

frontier settings they often exist on a continuum, such that market-based agricultural 

production usually provides households with the capital ( often supplemented with 

income from wage labour or loans) for investment in cattle ranching (Perz et al., 

2006). As such, both are presumed then to be driven by the same underlying actor-

level rationale of capitalization and livelihood specialization (Oestreicher et al., 

2014). Dependent trajectories include those from the subsistence agriculture and 

dependence on social support cluster because they maintain a dependence on external 

cash transfers and are caught in a trap of subsistence agriculture - that is, they cannot 

accumulate sufficient capital on a short term basis to invest in more lucrative and 

productive activities such as market-based production or ranching (Barrett et al., 

2006; Coomes et al., 2011 ). Di versifiers are from the natural resource extraction 

cluster and are those that rely on a variety of livelihood activities across different 

sectors (forest extraction, fishing, agriculture) (Brondizio, 2004; Brondizio et al., 

1997). The employment livelihood, on the other hand, may signal a permanent shift in 

livelihood sector and trajectory. In this case, extraction or farm production may be 

abandoned all-together (VanWey et al. , 2013). Because the current analysis is 

concerned with natural resource use and rural modes of production, the following 

discussion focuses on the first three trajectories. 

4.5 Discussion 

4.5.1 Access: shaping livelihood options, opportunties and trajectories 

Three livelihood trajectories were identified in the study communities, each 

corresponding to distinct types of geographic accessibility and social networks. These 
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configurations allow households to access certain types of information and to extract 

and exchange certain material resources. These social and spatial modalities of 

livelihood production then influence a household's risk aversion strategies and the 

ways they respond to changing socio-ecological conditions. 

Building on these results and our knowledge of the local community context, we 

highlight herein the role that social networks and geographic location play in 

regulating the exclusion and inclusion of households from livelihood opportunities 

and, consequently, their role in guiding livelihood trajectories. Further, we elucidate 

the importance of social structures and social identity as underlying access 

mechanisms operating in these communities, which influence agency, benefit sharing, 

and social and ecological change. 

Accumulator households preferentially gain access to opportunities to expand 

production, specialize, and accumulate assets through affiliations with unions and 

associations, as well as through regional networks of buyers, sellers, and distributers. 

As intuitions with fmancial and political authority (Baletti, 2012; Ribot et al., 2003), 

associations and unions often have the means to provide support (such as loans), 

materials (such as new technologies), and information to households. Furthermore, 

they can provide the infrastructure for actors to build and maintain regional economic 

networks (Becker, 2005; Gomes et al. , 2012; Mattos, 2014). Yet; these institutions 

often espouse agrarian development models based on intensive, commercial 

production practices that contribute to local ecosystem degradation and deforestation 

(Mattos, 2014). For example, in Araipa, about a dozen farmers purposively sought 

out rural worker' s union memberships to collectively obtain credit and extension 

support that allowed them to increase pasture cover, expand livestock production, and 

experiment with new cash crops. Further these households negotiated with 
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intermediaries in their social networks to arrange the sale of these new crops and 

livestock breeds on the market. 

While connections with urban markets and institutions with authority allowed these 

households continue on the accumulator trajectory, many community members 

simply do not have these same options. Diversifiers and dependent households are 

not typically affiliated with associations and unions, possibility because institutional 

mechanisms exclude them. Membership eligibility is often dependent on having 

certain production levels, or requires sufficient collateral or legal property rights to 

access support, credit, and loans (Margulis, 2004; Pichon, 1997). In essence, then, 

these households cannot take advantage of opportunities linked to market-integrated 

production. The exclusion from such opportunities is further exacerbated for 

dependent households, whose farms and homes are often remotely located, making 

economic networks, transportation, and extension services difficult to access 

(Carvalho et al. , 2002; Chambers, 1995; Fearnside, 2006; Geist et al. , 2002). 

Dependent households also face material constraints that limit their livelihood options 

and reinforce their trajectory. With smaller plots of land, nutrient poor soils, lower 

labor capacity, and fewer assets, these households are unable to produce beyond 

subsistence levels, which traps them the subsistence agriculture trajectory (Barrett et 

al. , 2006; Coomes et al. , 2011 ). On the other hand, extractivism is not a viable option 

for these households, as natural resources are inaccessible or ecological knowledge is 

limited, which further bolsters their dependence on subsistence agriculture (Berkes et 

al. , 2000; Oestreicher et al. , 2014). To compound this situation, the small cash 

transfers from family or the government can also reinforce the subsistence trap, 

especially if they do not provide enough liquid capital to recover from shocks and 

stresses (Carter et al. , 2006). 
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While institutional access and material constraints are indeed limiting factors, 

diversifier households have other sets of resources at their disposal, allowing them to 

negotiate their livelihoods in distinct ways. Being closely tied to natural resources, 

diversifiers are more likely to be adversely affected by shifting ecosystem conditions 

(Fearnside, 2008; Harris, 2009). Yet, these households practice a variety of activities 

to mitigate such risks (Caviglia-Harris et al. , 2005; Ellis, 1998). Further, they access 

ecological knowledge through local social networks to adapt their practices in the 

face of climate extremes and variability (Berkes et al. , 2000). As shown in this study, 

these households also expand their natural resource base through local social and 

spatial connections (Baird et al. , 2014; Fafchamps, 2009; Fafchamps et al. , 2007; 

McSweeney, 2004b ), extracting from nearby commons ( e.g. fisheries) and 

neighbouring farms, or exchanging goods and services with community members. 

This "invisible" resource base is essential for their livelihoods, and points to the 

existence of a local-level social insurance among these households, allowing them to 

manage ecological uncertainty (Baird et al. , 2014; Fafchamps, 2009; Fafchamps et 

al. , 2007). 

Accumulator households, on the other hand, appear to be excluded from these 

networks; instead they rely on assets such as technology, loans, or livestock to buffer 

the effects of ecological or economic market variability (Faminow, 1998; Hecht, 

1993). Inclusion in local social networks is likely regulated by social group identity is 

(Ribot et al. , 2003), such as religious affiliation and origin (Amazonian/colonist) 

(Lecours, 2010; Mattos, 2014; Oestreicher et al. , 2014; Valadao, 2009). For example, 

the church is a place for regular encounters and community events, such that local 

social networks and support systems can be built and mobilized. In Nova Estrela, 

Catholic women coordinate baba9u palm nut extraction activities through the church 

and sell their products to external economic actors affiliate with the regional religious 

network (Lecours, 2010). Moreover, these practices originate from Brazil' s north-
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eastern states, so knowledge of baba9u palm nut extraction is most common among 

colonist households (Nasuti, 2010). 

Livelihood opportunities and spatial organization are also interconnected processes 

(King, 201 l ; Massey, 1994). For members of the community of Vicinal da Batata, 

the majority of whom are accumulators, being located in an area of geopolitical and 

economic interest (along the BR-163; Figure 4.1) affords abundant opportunities for 

accumulation and specialization relative to the other communities, particularly though 

formal institutional avenues. The region is a target for agrarian development 

programs and has relatively higher off-farm work prospects, paved roads for reliable 

all-season transportation, and nearby municipal headquarters with health and social 

services (Trairao; Figure 4.1) (Campbell, 2008; Simmons et al. , 2007b ). 

Comparatively, the other three communities are geopolitically isolated, so such an 

advantageous location explains, at least in part, some of the disparities in livelihoods 

observed across communities. 

The interdependence of spatial configuration and access mechanisms also operate at 

the intra-community level; that is, between households. This is well illustrated in Sao 

Tome, where most households having loose or no religious ties are located at a 

distance from the center of the community. As such, these households (many falling 

into the dependent trajectory) have expressed exclusion from certain opportunities, 

including participation in the community fishing festival and the use of (gas 

generated) electricity infrastructure. These projects were initiated by the community 

religious leader with support from the municipal authorities, and they provided 

manifold livelihood benefits including income generation, fishing networks 

formation, refrigerated storage possibilities, and mechanical postharvest handling of 

crops. Undoubtedly, both the location of homes and involvement in social networks 
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are interrelated, engendering livelihood obstacles for some households and 

opportunities for others. 

4.5.2 Livelihood trajectories and socio-ecological system feedbacks 

The social relationships and spatial configurations examined in this study are at once 

the manufacturer of livelihood opportunities and the outcome of livelihood decisions. 

As already expounded in the case of dependent households (who trapped in a cycle of 

subsistence agriculture), positive feedback loops between livelihoods and access will 

reinforce trajectories (Barrett et al. , 2006; Carter et al., 2006) such that that causal 

links are non-linear and complex (Dijk, 2011). This is also evident for accumulator 

trajectories, whereby increasing financial and social capital allows them to gain both 

power and status, which in turn, increases their ability to navigate economic 

challenges and livelihood stresses. As relationships to urban networks are 

strengthened and their livelihood practices are further legitimised by institutional 

structures, households can increasingly rely on capitalist risk aversion strategies such 

as loans or liquidation of assets. Indeed, external political and economic structures 

also unquestionably play a role in shaping these community-level dynamics. 

4.6 Conclusions 

We mapped livelihoods in four rural communities in the Tapaj6s River region of the 

Brazilian Amazon. When taken together, the results of this study indicate that 

households are navigating through different sets of social and ecological conditions, 

that allow families to access distinct opportunities. Resources and information are 

accessed through various social and spatial modalities that, while necessary to meet 
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livelihood objectives, also reinforce livelihood trajectories. Households with strong 

rural-urban connections are able to access opportunities that promote production 

strategies such as cattle ranching or cash cropping. Exchanges with regional market 

actors and recognition by political and financial institutions will tend to keep these 

households on an accumulator trajectory. Other households are excluded from such 

oppo~ities, as social and spatial configurations isolate them from urban networks 

and institutions with authority. Instead, strong local networks based on social identity 

provide support and information that encourage extractivist practices. 

For community-based action and interventions concerned with well-being and 

ecosystem service integrity, understanding how information and resources are 

accessed can be of use t~ ecosystem management planning. For example, fostering 

relationships with formal institutions may be useful when collaborating with 

accumulators. While building on local social networks may prove more useful when 

working with diversifiers. Further, attention to social network structures, knowledge 

sharing and spatial configurations can help practitioners be mindful of how or if they 

are reinforcing skewed power dynamics and social inequalities that are already 

existent. 
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LIVELIHOOD RESPONSES TO SOCIO-ECOLOGICAL PRESSURES IN FOUR 
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Abstract: In four rural and resource-dependent communities in the Brazilian 
Amazon, we survey the livelihood responses to low-intensity, socio-ecological 
pressures, including declining fishing resources, crop loss, unstable market demand, 
and unstable employment opportunities. Building on previous work conducted by the 
authors, household interviews, geospatial data, and social network data are analyzed 
to explore the relationship between response strategies, livelihood capitals and 
resource access/accessibility through social and spatial modalities. Two types of 
ordination techniques are applied: a co-inertia analysis (CoIA) and a step-wise, 
canonical correspondence analysis (CCA). The first elucidates the broader structural 
and relational attributes of the datasets, while the second selects variables that best 
explain livelihood response strategies. We find that responses generally correspond to 
livelihood options, although there are distinguishing features, including differences 
across genders and divergence between people who rely on local (inter-community) 
and external (extra-community) resources and networks. 
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5.1 Introduction 

Communities that depend on sensitive and remote ecosystems, such as the forests and 

rivers of the Amazon basin, often face unprecedented pressures from socio-economic, 

ecological and health-related uncertainties and shocks (Adger, 2003 ; Eakin et al. , 

2006; Jager, 2007; Sutherst, 2004). Sometimes, single events, such as extreme 

climate events, or abrupt policy change, represent high-intensity shocks that provoke 

radical changes in the socio-ecological system structure and function (Lambin et al., 

201 0; Young et al. , 2006). Yet, there are also multifarious factors, such as economic 

market oscillation, seasonal climate cycles, variable natural resource abundance, or 

chronic illness, that can exert continual, low-intensity pressures on the daily lives of 

resource-dependent communities, provoking gradual socio-ecological changes 

(Hughes et al., 2013; Lade et al., 2013; Larnbin et al. , 2010; Young et al., 2006). 

Rural households must continually respond, cope and adapt to such emerging and 

compounding pressures as they affect ecosystem service provision and available 

livelihood options (De Haan et al., 2005; De Haan, 2000; Marschke et al., 2006; Sallu 

et al., 2010). In the context of weak formal institutions where basic services and 

social safety-nets are limited, livelihood responses depend largely on the ability of 

households and individuals to mobilize and transform resources, including natural 

resource-bases, material assets, financial capital, skills and knowledge, etc. (Adger, 

2000; Chambers et al., 1992; De Haan et al., 2005; Ellis, 1998). As such, the access 

to and ownership over such resources, known as entitlements and endowments, are 

key to understanding response patterns (Adger et al. , 2004; Smit et al. , 2006). Beyond 

this level of individual agency, however, responding to socio-ecological changes is 

also shaped by social processes and structures that bolster or inhibit learning, 

cooperation, and social organization; including formal and informal institutions, as 
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well as sharing, exchange and cooperation in social networks (Ifejika Speranza et al., 

2014). 

In the present article, we examine the responses of households in four resource-

dependent communities in the Brazilian Amazon to continuous, low-level pressures, 

including declining fishing resources, crop loss, unstable market demand, and 

unstable employment opportunities. Our analysis considers critical dimensions of 

local livelihood activities and assets, as well as the availability of and access to 

resources through spatial modalities (i.e. , geographic proximity to private and 

common pool resources) and social modalities (i.e. , sharing and exchange through 

social networks). We build on the work of Oestreicher (2015), who mapped 

livelihoods and resource access in these same four communities using household 

surveys, spatial data, and social network data. We perform a statistical analysis at the 

individual level; yet, in recognizing that individual choices are embedded in larger 

socio-ecological systems, household livelihood strategies as well as in community-

level social and ecological structures, considered more closely in the discussion. 

5.2 Study·Iocation 

As an expanding agrarian frontier, the lower Tapaj6s River region (Figure 5 .1) in the 

state of Para, Brazilian Amazon, has undergone major socio-ecological changes over 

the last 50 years (Carvalho et al. , 2002; Defries et al. , 2004; Mustard et al. , 2004; 

Pacheco, 2012; Schmink et al. , 1992). This expansion has been driven by the 

geopolitical processes of colonization, engendering land-cover changes as well as 

socio-economic shifts in the region (Carvalho et al. , 2002; Defries et al. , 2004; 

Mustard et al. , 2004; Pacheco, 2012; Scbmink et al. , 1992). Beginning in the 
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1960170s, the Brazilian government implemented development programs to integrate 

the remote and "empty" Amazon jungle into the national economy (Schmink et al. , 

1992). Fiscal incentives were offered to farmers from the northeast and the south of 

Brazil to migrate, deforest, and cultivate marketable crops, such as rice, beans and 

com (Carvalho et al. , 2002; Moran, 1981 ; Schmink et al. , 1992). The Transamazon 

and Santarem-Cuiaba highways (Figure 5.1) were constructed as part of the plan for 

political territorialization, and they soon became the main channels for the mass 

movement of people, ideas, machinery, produce and raw natural resources (Kirby et 

al. , 2006). In turn, the region' s recent history is marked by population increases, 

booms and busts of resource extraction, transitions from trade-based to capitalist 

integrated markets, and large-scale forest loss (Baletti, 2012; Cleary, 1993; Fearnside, 

2006). 

Study Area 
~ewer Tapaj6s Riv~r Region rrr==!!'Xlia=~~ W."17C"\-'-::-'-A::l•~,r-,;-..., 

LO 15 30 

State of Para, Brazil 

Legend 

-- Road network 

LJ Study area 

- River system 

Produced by: Oestreicher, 2010 

Figure 5.1 The Tapajos Region 

In the Tapaj6s region, the frontier is heterogeneous, unravelling in different localities 

at different rates (Browder et al. , 1997; Browder et al., 2008; Cleary, 1993). This 

study focuses on areas that are still in the early frontier stages, where social and 
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economic structures are changing and the landscape is a dynamic mosaic of different 

vegetative covers. The area is primarily occupied by small and medium scale farmers, 

who represent a large majority of the rural population and account for a much of land-

cover transitions over the last decades (Fearnside, 2008; Pacheco, 2012). Typically, 

these actors progressively convert old-growth forest cover to subsistence or cash 

crops and, following any number of crop-fallow cycles, the area will ev~ntually 

transition to pasture for more lucrative and less labor-intensive ranching activities 

(Browder et al., 1997; Schneider, 1995). Many such landowners reside in 

communities along the roadways (Figure 5.1), immigrating and claiming land in 

state-organized settlements that were established as part of the colonization regime. 

They are referred to here as highway-era families. Other landowners, however, have 

ancestral claims to the land, as their families have resided in communities along the 

banks of the Tapaj6s prior to the construction of the highways, during the rubber-

extraction era (1880 - 1940). They are referred to here as rubber-era households 

(Oestreicher et al., 2014). 

5.3 Materials and Methods 

5. 3.1 Community selection 

Fo~r communities were asked to participate in the study (Table 5.1 ). They were 

selected in order to capture the regional socio-ecological heterogeneity based on the 

following criteria: (a) location (riverside or roadside), (b) origin (Amazonian or 

colonist), (c) access to markets and participation in market economy (distance from 

transportation infrastructure), ( d) time of settlement, and ( e) main livelihood strategy 

(slash and burn agriculture, extractivism, cattle ranching). 
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Table 5.1 Comparison of the four communities studied. 

Community Scio Tome Araipa Nova Estrela Vicinal da Batata 

Roadside: along the BR-230 Roadside: along the BR-163 
Waterside: along the Tapaj6s Waterside: along the Tapaj6s (secondary road) . Small seasonal (secondary road). Medium sized, 

River. In 2006 a road was build to River. In 2003 a road was build to in-land river, small seasonal Location and connect the community to the BR- connect the community to the BR- streams and small constructed streams, large constructed infrastructure (Figure 5.1) pools/weirs are present for fishing, 230. Current conditions make road 230. Current conditions make but are not viable for pools/weirs are present for 
transportation limited. road transportation limited. transportation. fishing, but are not viable for 

transportation. 

Population 123 people, 26 households 207 people, 37 households 156 people, 27 households 173 people, 44 households 

Participation in formal Low: mostly autarkic, some market Medium-low: semi-autarkic, Medium: market participation High: market participation market economy participation market participation 

Long: established over 80 years Medium: established over 60 Short: established 30 years ago, Short: established 30 years ago, 
Settlement history ago, indigenous populations living following the government-led following the government-led 

there before years ago colonization program colonization program 

Community origin Mostly rubber-era families Mixed rubber-era and highway- Mostly highway-era families Mostly highway-era families era families 

Small-scale farming and fishing . Small-scale farming, ranching. Mix of medium-scale farming 
Livelihood activities Some hunting and gathering. Minimal fishing, hunting and Medium-scale ranchjng and small- and ranching. Wage labor and Minimal, small-scale ranching gathering activities. scale farming. Wage labor. employment. activities 

Highly fragmented landscape of Fragmented landscape of old Small to large patches of Large patches of pasture land 
Landscape description mostly old growth forest and growth forest and secondary agriculture and pastureland. and some agriculture . Minimal 

(2009) secondary forest; small patches of forest ; small to large patches of Minimal old growth and old growth and secondary forest 
agriculture and pastureland agriculture and pastureland secondary forest growth. growth. 

t Based on examination of land-use/land-cover maps for the region developed by Rozon et al (2014 ). 
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The selection of these communities was also partially based on their involvement in 

pilot agroforestry projects - a requirement to meet the objectives of other, 

collaborating researchers. In three of these communities (Sao Tome, Nova Estrela, 

and Araipa, Table 5.1) the intervention was carried out as part of the PLUPH (Poor 

Land Use, Poor Health) project (PLUPH, 2012). This interdisciplinary research and 

intervention project dealt with links between land-use change and human health 

outcomes. In the fourth community, the agroforestry intervention project was 

implemented by a local NGO. Both the PLUPH and NGO interventions are similar in 

that they were pilot agroforestry projects undertaken with three to five families in 

each community. The financial returns of such agroforestry systems can take several 

decades (Tremblay et al. , 2014), thus these interventions are not, as of yet, likely to 

have a significant impact on local livelihood practices. 

5.3.2 Household and individual interview data 

Questionnaires were developed by four researchers with unique fields of expertise 

and different, yet complementary research objectives. Both open and closed-ended 

questions were selected to meet the communal and individual needs of each 

researcher while maximizing the quality of data collection, reducing uncertainty and 

error, and minimizing the time required to conduct the interview. Using open-ended 

and closed questions, a total of 149 informants were interviewed. We aimed to 

interview both household heads for a complete sampling design, which is essential 

for social network analysis (Fatorelli, 2013). All data collection methods are further 

described in Oestreicher (2015). 



260 

From the questionnaire data, a set of livelihood and access/accessibility indicators 

were developed, as listed in Table 5.2 and detailed in Oestreicher (2015). Livelihoods 

comprise "the capabilities, assets [ ... ], and activities required for a means of living" 

(Camey, 1998, p. 2) and the widely referenced Sustainable Livelihoods Approach 

proposes a typology of five measurable capitals/assets to define livelihoods: social, 

human, physical, natural, and financial (Scoones, 1998). Many of the variables used 

in this study reflect key livelihood capitals, for example annual income indicators 

(PerCap) for financial capital, household size (Hs) for human capital, or land size 

(prop) for natural capital (Oestreicher, 2015). Other variables reflect main resource-

use activities, for example forest extraction (Use_For) or agricultural production 

(Use_Ag). Finally, indicators of access and accessibility though spatial and social 

modalities, include geographic accessibility ofresources (e.g., AG variables) as well 

as accessibility of information and material goods through social networks ( e.g., 

Alinfo and AS variables). Following Ribot et al. (2003), access is a "bundle of 

powers" that forms "the ability to benefit from things - including material objects, 

persons, institutions and symbols". Access is related to accessibility, which we take 

to be the degree of availability of a resource, good or service; said otherwise, it is the 

ease with which something can be reached by an individual or household. Because 

these two concepts are related, we refer to this set of variables as access/accessibility 

variables. 

For responses to pressures, informants were asked to describe how they dealt with the 

following four livelihood pressures: declining fishing resources, crop loss, unstable 

market demand for produce, and lack of employment opportunities. These pressures 

were chosen because they were mentioned as occurring with increasing frequency in 

recent times during informal discussions and community meetings. Moreover, the 

livelihood groups defined Oestreicher (2015) in the same communities will be 

impacted differently by the pressures. For example, natural resource dependent 
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livelihoods are likely to be most affected by declining fishing stocks, market-based 

production livelihoods most affected by unstable market demand, and livelihoods that 

depend on wage labour are most affected by lack of employment opportunities. 

Agricultural production is ubiquitously practiced by households in these 

communities, albeit for different economic ends, at varied spatial extents, and varied 

production intensities (Oestreicher, 2015). As such, crop loss is likely to impact all 

livelihood groups. Using an open-ended format, informants were probed to 

understand how they overcame losses associated to these pressures, with a focus on 

finding and obtaining alternatives, replacements, or new practices. Responses were 

entered into a database and, after preliminary analysis, they were organized into 11 

categories (Table 5.3). We also asked the informant when the pressure occurred and 

what they perceived to be the cause. 

5.3.3 Analyses 

A two-tiered analytical approach, based on different yet related multivariate methods, 

was adopted to explore the relationships between individual responses to pressures 

(Table 5.3) and livelihood and access/accessibility variables (Table 5.2). As described 

herein, we first use a Co-Inertia Analysis (CoIA) to elucidate the common structure 

and similarities between the two datasets . Then, we apply Canonical Correspondence 

Analysis (CCA) to select livelihood and access/accessibility variables that best 

explain the responses to pressures. Statistical analysis was performed on 122 of the 

149 interviewed individuals (82%). Of the 27 individuals not included in the analysis, 

10 were eliminated due to outliers or incomplete data, while another 17 were 

excluded because they did not report experiencing any of the four pressures in the last 

five years. We aggregate the response data for analysis so as to increase the statistical 

power of our dataset. Not all informants reported experiencing each of the 4 
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pressures, which in turn yielded a low sample size for responses data for some 

pressure scenarios. Furthermore, we retained only the responses to pressures that 

occurred in the last five years because they are likely to be linked to current 

livelihood practices and, in light of an informant's ability to recall the past, the data is 

likely to be a more accurate reflection of responses. 
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Table 5.2 Livelihood and access/accessibility variables, adapted from Oestreicher et al. (2014b). 

Symbol Variable 

AG_For, AG_Fish, Geographic accessibility of natural resources: forest (For), aquatic (Fish) and agricultural land (Ag). This indicator is based on 
the Euclidean distance from the home to the forest, fishing spot, or agricultural land used by the individual as well as the AG_Agri abundance of the resource (i .e., forest or farm size (km)). 

AG Comm Geographic accessibility of other material resources (markets, banks, shops, social services, etc.), representing the Euclidean 
distance from and individual lot to the center of the community. 

AI_Proj Information accessibility through participation in research and intervention projects. Indicator is based on the number of 
projects an individual participates in. 

AI_Chur, AI_Asso Information accessibility through local and regional associations (Asso) and religious groups (Chur). These indicators are 
based on the frequency with which an individual attends association or church events. 

Alinfo_AgD, Alinfo_FishD, Information accessibility through social networks. Indicators are the degree centrality (Freeman, 1979) of an individual in the 
symmetrical community exchange network of information related to agricultural practices (Ag), fishing practices (Fish) and AI info EnvtD environmental changes (Envt). 

Use_For, Use_Fish, Use of forest (For), aquatic (F ish) and agricultural land (Ag) resources and well as home gardens (Gard). The For indicator 

Use_Ag, Use_Gard represents the diversity of products extracted from forests , Fish indicator represents the sum of reasons for practicing fishing, 
while the Ag indicator is the annual farm production. 

Div Prod Diversity of household agricultural production is calculated as the total number of species produced (for sale or for 
consumption) by the household originating from orchards, crops, garden, or agro-forestry systems. 

Div Income Diversity of annual household income is calculated as the total number of household income sources, including sales of crops 
and livestock, permanent employment, wage labor, government sources (retirement pension plans, balsas), family remittances. 

Dep _Work, Dep _ Ext, Dependence on income sources are a set of variables representing the relative proportion of the household ' s annual income that 
Dep_Mark originates from a given source, either employment (Work), government sources (Ext), or market sales (Mark) 

AS Agri, AS For Access to private natural resources through community networks 
AS Work Access to other material resources through labor networks 
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AS Ex _Prod_ in/out, Access to resources through material exchange networks. Indicators are the degree centrality (Freeman, 1979) of an individual 
ASEx Fish in/out in the asymmetrical community exchange network for exchanges of plants (Prod) and fish resources (Fish) 

Educ Education indicator, represented as the years of school completed 
Gend Binary indicator of gender. 
Orig Binary indicator of the place of birth of the individual. 
Age Age (years) 
Hs Household size indicator is the total number of people 

PerCap Annual per capita income for the household 
Anim Household domestic animal index (excluding cattle) 
Catt Household cattle index 
Prop Property size 
Title Land tenure status 

Loans Household bank loans 
Comm Resident community 
Tech Household use of technology for production 
Time Time in community 
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When deemed of interest, tests of (in)dependence between two variables were 

applied. Depending on the types of data being compared, one of the following three 

tests were used: a chi-square test, ANOVA, or Kendall rank correlation test. The 

Kendall rank correlation test (with a null hypothesis of independence) is a non-

parametric test that improves upon the classic Spearman's rank correlation in that it 

also measures the strength of dependence between two variables (tau coefficient). All 

analyses were undertaken with R, an open-source software program (R Core Team, 

2012). 

5.3.3.1 Co-inertia analysis (ColA) 

To explore the structure and relationships of responses to pressures and the livelihood 

and access/accessibility data, we use CoIA (Doledec et al., 1994). This is a 

multivariate ordination technique used to measure the concordance between two or 

more related data sets. This type of meta-analysis has been used across a number of 

fields under a variety of names, including inter-battery analysis, partial least squares 

regression, and singular value decomposition analysis (Amenta et al., 2013; Doledec 

et al., 1994). Each set of data may first be subject to an individual ordination, such as 

correspondence analysis; then the square covariance (inertia) between the two 

matrices is maximized (Dray et al., 2003). The data from the two tables is re-

projected into a common space, along the co-inertia axes, so as to emphasize their 

common structure and similarities. This analysis was chosen so that results could be 

compared with those of Oestreicher (2015), who undertook a simple correspondence 

analysis with livelihood and access variables. 
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CoIA was performed using the dudi. coa and the coinertia functions available in the 

ade4 package (Thioulouse et al., 1997) in the R software program (R Core Team, 

2012). The responses to pressures (Table 5.3) and the livelihood and 

access/accessibility data (Table 5.2) were first subject to separate correspondence 

analyses (CA), which generates a chi-square distance matrix for each dataset. The 

justification and details of the CA procedure are found in Oestreicher (2015) for the 

livelihood and access/accessibility data. The same procedure was undertaken for the 

responses to pressures data, however no pre-transformation or standardization was 

undertaken. CA is sensitive to outliers, so care was taken to sequentially remove them 

from the dataset upon examination of scores. 

A CoIA was then performed using the distance matrices from the correspondence · 

analyses. The RV coefficient, which measures the strength of the correlation between 

the two datasets along the new co-inertia axes, was calculated. It is conceptually 

similar to the Pearson correlation coefficient, but has been generalized for 

multivariate data (Borcard et al., 2011). A Monte-Carlo permutation test with 999 

permutations (using the randtest function in ade4 package) was performed to test the 

significance of the coefficient. The variables were then projected on the co-inertia 

axes in a biplot, permitting a graphical comparison of the two datasets in a common 

graphical space. 

5.3.3.2 Canonical Correspondence Analysis (CCA) 

Once the structural relationships among all variables were examined with the CoIA, a 

CCA was applied to select the livelihood and access/accessibility variables that best 

explain the responses to pressures. This multivariate technique analyzes two or more 
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related data sets of qualitative and quantitative variables. A simple correspondence 

analysis (CA) is first performed on the dependent dataset (responses to pressures); the 

object scores are then constrained in linear combinations of explanatory variables 

(livelihood and access/accessibility data) through weighted multiple regressions. 

Because this is both an ordination and a regression technique, a step-wise approach 

can be applied to select variables. 
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Table 5.3 Description of livelihood response categories. 

Livelihood response Description 

RI Liquidation of livestock Informant sell s livestock, including cattle, swine, and poultry, to give immediate cash 

R2 Liquidation of agricultural Informant sells agricultural product or by-product, including rice, beans, maize, or cassava flour, to give immediate 
products cash . 

R3 Incur loss Informant incurs loss by: a) purchasing a replacement item, such as rice or cassava flour or beef and chicken (b) selling 
their produce at a lower price that anticipated (reported for scenario 3: low financial return). 

R4 Informal social support (local) Informant obtains a loan of cash or of goods (i.e. , food items) from family or friends 

RS River extraction Informant extracts aquatic food sources either for consumption or sale. 

R6 Forest extraction Informant extracts forest resources for consumption or sale including fruits , nuts, and game. 

Informant engages in non-permanent, short-term wage work, usually on farms and ranches. Work may be acquired 
R7 Wage work with in the community or may be migratory work. For scenario 4 (no employment opportunities) this response includes 

migrating furth er than usual to seek wage labor. 

R8 Fixed income 
Informant depends on salary from employment in the public or private sector that is on a regular basis. This includes 

teachers, transportation services, store owner, saw mill worker, health professional , etc. 

R9 Informal social support (urban) This includes purchasing from stores in local cities and towns (ltaituba, Trairao) on a sort of credit or "hire purchase" 
plan , whereby items can be paid for at a later date, with interest. 

RIO Change practice 
Informant changes their practice as a long-term or permanent solution. Thi s includes abandoning one crop production 

for another, changing fishing or planting patterns, or adopting new techniques. 

RI I Formal institutional support Informant depends on monetary support from the government, usually through balsas, or small loans from banks. 
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A step-wise analysis was performed using the cca and ordistep functions in the 

Vegan package (Oksanen et al., 2007) in the R software program (R Core Team, 

2012). Responses to pressures (Table 5.3) were applied as the dependent matrix and 

access/accessibility and livelihood variables (Table 5.2) as the explanatory matrix. 

CCA is sensitive to highly correlated or redundant explanatory variables, so those 

with an inflation factor of 10 or more were eliminated (Borcard et al., 2011 ). CCA is 
I 

also sensitive to outliers, so care was taken to sequentially remove them from the 

dataset upon examination of object scores. All explanatory varia,ble vectors were fit 

into the ordination using a step-wise selection process (forward and backward) using 

999 permutations with the p-value set at 0.15 for variables to be included in the 

model and then at 0.25 for variables to be excluded from the model. An ANOV A-like 

permutation test was performed to test the joint effects of constraining variables and 

their significance (using the anova.cca function) and to test the significance of the 

entire model (permutest function) (Oksanen et al., 2007) .. The scores of responses to 

pressures were jointly plotted with the livelihood and access/accessibility vectors to 

visualize results. 

5.4 Results 

5. 4.1 Mapping the causes and responses to livelihood pressures 

Most commonly, livelihoods are subject to pressures that are reportedly caused by 

pests/blights and market instability (Figure 5.2, Table 5.4). The majority of these 

pressures were reported in 2011, followed closely by 2009 (Table 5.4). The timeline 

shows that some reported causes overlap; for example, heavy flooding in 2009 and 

again in 2011 correspond to pest/blight outbreak reports. 
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Table 5.4 The causes of pressures as perceived by informants, and the year 
the pressure was incurred by informa_nts. All values are expressed as the percent 

of total responses for comparability across categories. 

Total 
Cause/Year 2007 2008 2009 2010 2011 responses 

(n) 
Overfishing 8 0 8 6 20 42 

Market instability 8 0 19 16 55 97 
Pest or blight 19 17 45 15 48 144 

Drought 0 4 2 10 6 22 
Heavy rain/flood 5 0 15 0 IO 29 

Illness 2 2 0 3 8 14 
No buyers/employers 0 5 0 10 24 38 

Low soil fertility 0 0 0 2 11 13 
No transportation 0 0 5 0 2 7 

No payment/Loss of 
0 0 6 3 13 21 employment 

Total responses (n) 41 27 100 64 197 

Informants generally attributed pressures to one main cause. For example, declining 

aquatic resources was most commonly attributed to overfishing by commercial 

fishermen from other communities or cities (Figure 5.2), although informants also 

mentioned climate extremes and seasonality ( e.g., severe drought or flooding). While 

overfishing has been an on-going problem for some informants over the last five 

years, in 2011 far more individuals reported being affected (Table 5.4). Some fishers 

also reported that dolphins disrupt their fishing practices, so these were categorized as 

pests (Figure 5.2). A majority of crop loss was attributed to pests and blights, such as 

insects, wild and domestic animals, and to a lesser extent fungal/bacterial infections 

of crops. These problems were most commonly reported 2009 and 2011 (Table 5.4). 

Market instability (i.e., fluctuations in local demand) was the most common reason 

cited for inability to sell produce (Figure 5.2), which was an important problem for 

many informants in 2011 (Table 5.4). Lacking employment opportunities was cited as 

having a number of causes (Figure 5.2). In particular, informants raised concerns 
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around labour rights and job security linked to wage labour (i.e., unpaid work or 

employment foss due to temporary injury or other circumstances). 

90 

80 
Lack of employment 

Unstable market demand 

loss 

Declining fishing resources 

T 

Figure 5.2 The perceived causes of different pressure scenarios cited by 
informants. For comparability, the causes are expressed as the percent total of 
responses per pressure scenario. For example, about 65% of informants who 

experienced livelihood pressures because of declining of fishing resources 
attributed this pressure to overfishing. 

For each of the pressure scenarios, individuals reported responding in a number of 

ways (Table 5.5). The most cited responses, after incurring the loss, include either 

liquidating farm assets or participating in wage labour to overcome the pressures 

placed on livelihoods. For lack of local employment opportunities, many respondents 

reported engaging in migratory wage labour, such as work on industrial farms or 

ranches in other regions. Both production loss and inability to sell produce are 

pressures that are experienced by a majority of individuals in these communities, as 

they were the most cited among the four scenarios (Table 5.5). When faced with these 
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two pressures, individuals typically relied on a number of responses rather than a 

single response strategy (Table 5.5). Both declining fishing resources and lack of 

employment opportunities have affected few individuals (29% and 35% of the sample 

population respectively). 

Table 5.5 Livelihood responses for each of the four pressure scenarios. For 
comparability across scenarios, responses are expressed as the percent total. The 
total number of responses is higher than the total number of informants because 

people would sometimes cite several responses to a single pressure scenario. 

Declining 
Unstable 

Lack of 
fishing Crop loss 

market 
employment Total 

resources (%) 
demand(%) 

opportunities (%) 
(%) (%) 

Liquidation of 
0 22 15 23 18 

livestock 
Liquidation of 

agricultural 5 12 0 8 9 
products 

Incur loss 52 20 41 18 27 
Informal social 
support (local) 3 7 7 8 7 

River extraction 0 4 3 6 4 
Forest extraction 3 4 3 2 3 

Wage work 12 15 17 14 16 
Fixed income 3 2 2 5 3 

Informal social 
2 5 2 5 4 support (urban) 

Change practice 19 6 6 3 7 
Formal 

institutional 0 3 2 9 3 
support 

Total number of 
n = 40 n = 90 n = 74 n =49 

n= 
informants 122 

Total number of 
n = 58 n = 208 n = 128 n = 65 

n = 
responses 459 
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5.4.2 ColA results: structural and relational characteristics of variables 

Together, the first two axes of the CoIA account for a total of 55.23% of the projected 

inertia, or the variability between responses and livelihood and access variables 

(Figure 5.3). Although the correlation between the datasets is low (RV = 0.12), the 

Monte-Carlo pennutation test demonstrates that this correlation is not likely due to 

chance (p-value = 0.121 ). The first four axes of the two individual ordinations were 

retained for the CoIA. These axes account for 68.83% of the variation in the response 

data, and 34.21 % of the variation in the livelihoods and access variables. 

Response data and livelihood and access variables fall into clusters that generally 

follow the ordination results of Oestreicher (2015), albeit clusters are slightly 

distorted in space because of the re-projection with in the co-inertia ordination 

(Figure 5.3). Firstly, many variables reflecting natural resource dependent 

livelihoods are present in the upper left quadrant, including variables related to fish 

(ASEx_FishD, Use_Fish, AG_Fish, Alinfo_Fish), forest extraction (AS_For) and 

church attendance (AI_Chur) (Oestreicher, 2015). These variables are strongly 

correlated to individuals who responded to pressures by extracting fish (RS) and 

depend on family or friends for support (R4). Both forest product extraction in times 

of stress (R6) and change of practice (RIO) are also related to this group of variables, 

although they are close to the axis line due to their relationship to forest-related 

livelihood variables (AS_For, Use_For) and participation in projects (AI_Proj). 

In the upper right quadrant, close to the second axis line, are variables related to 

dependence on social support and subsistence agriculture. This group of variables 

reflect livelihoods that depend heavily on cash transfers from external sources ( e.g., 

balsas or family remittances) and on subsistence agriculture. This latter point is 

reflected by the relationship between agricultural production-related variables; that is, 



274 

these individuals tend to have a large amount of their land in crop cover (AG_ Agri) 

but are not producing intensely or selling their produce (indicated by the respective 

distance to Use_Ag and Dep_Mark variables) (Oestreicher, 2015). In the face of 

pressures, these informants relied on wage labour (R 7) or liquidated agricultural 

products (R2). They also tend to be men (Gend). 
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Figure 5.3 Biplot of first two axes of the co-inertia analysis for all scenarios combined. Black points represent scores 
for the livelihood and access variables. The corresponding label is to the left of each point. Red crosses represent scores 

for responses; labels for these points are to the left. 
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Extending along the first axis line, crossing the upper and lower right quadrants, are 

variables related to market-based agricultural production, including more intense 

production (Use_Ag) and diverse crop production (Div_Prod) which account for 

much of the variation (as indicated by their distance from the origin). Other variables 

of importance in this cluster are also present, but are close to the axis and do not 

account for much of the variation, including participation in association activities 

(AI_Asso), centrality in plant exchange networks (ASEx_ProdD), and dependence on 

market sales for income (Dep_Mark) (Oestreicher, 2015). These variables are loosely 

correlated to both the wage labour (R7) or formal institutional support (i.e., cash 

transfers from formal institutional mechanisms, such as balsas and bank loans, Rl 1). 

In the lower right quadrant are important variables representing livelihoods that 

depend on ranching activities, including large animal herds (Catt, Anim), access to 

the community center (AG_Comm) and use of credit and loans from banks (Loans). 

These individuals sold livestock to overcome stress (R l ), relied on informal support 

from actors in city centers (i.e. , purchasing items on loan from urban stores, R9), and 

to a lesser extent formal institutional support (i.e., cash transfers from formal 

institutional mechanisms, such as balsas and bank loans, R 11 ). 

Finally, in the lower left quadrant are variables linked to employment activities, such 

as a high annual per capita income (PerCap ), a having a large portion of that income 

coming from employment (Dep_ Work), and a higher education (Edu). Individuals 

with this livelihood profile tended to depend on their fixed salary to overcome 

pressures (R8) or were able to incur the loss (R3). Centrality in information exchange 

networks (Alinfo_EnvtD) is also strongly correlated to this group of responses. 
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5. 4.3 CCA results: selecting livelihood variables of importance 

The step-wise .CCA selected livelihood and access/accessibility variables that best 

explain the variation in the response data (Table 5.6, Figure 5.4). Among the ten 

variables selected, using more forest products (Uso_For), using another person ' s 

forest for extraction (AS_For) and centrality in information networks on 

environmental change (Alinfo_EnvtD) explain much of the variation along the first 

axis and are in strong opposition to higher farm production (Use_Ag) (Table 5.6). 

Along the second axis, having aquatic resources nearby (AG_Fish) explains a large 

part of the variation and is in strong opposition to having a large portion of annual 

income from employment (Dep_ Work) and large herd size (Catt) (Table 5.6). Most of 

the selected variables significantly explain variation in the response data, with forest 

product use (Uso_For) and nearby aquatic resources (AG_Fish) being the most 

significant (Table 5.6). Taken together, these ten variables explain 16% of the total 

variance in the response data (entire model data, Table 6). We report the first two 

CCA axes because together they explain a large part of this variance (cumulative 

proportion explained, Table 5.6). 

The relationships between responses and selected explanatory variables are shown in 

the plot of the first two canonical axes (Figure 5.4). Responses that involve natural 

resource extraction (RS , R6) are best explained by variables that are related to the 

everyday use of these resources. For example, relying on the forests in times of stress 

(R6) is best explained by extraction of diverse forest products (Uso_For) and using 

another person' s forest for extractive activities (AS_For). Similarly, individuals who 

relied on fishing (RS) are those that live in close proximity to this resource 

(AG _Fish). These three variables are also related to individuals who rely on a 

community-level social network support in times of stress (R4), as is participation in 

intervention projects (AI_Proj). 
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Figure 5.4 Biplot of first two axes of the canonical correspondence analysis (CCA). Red crosses represent response 
scores and black arrows represent vectors of selected livelihood and access/accessibility variables. 
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Individuals who incur the loss (R3) or rely on fixed salary income (R8) are best 

explained by three variables, including access to information on environmental 

changes (Alinfo_Envt), having a large portion of their annual income coming from 

salary work (Dep _ Work) and having diverse income sources (Div_ Income). 

Individuals who liquidated their livestock (Rl) or rely on formal and informal support 

(R9, Rl 1) are best explained by higher farm production (Use_Ag), although having a 

large cattle herd (Catt) is also important for individuals who obtained items on credit 

from urban stores (informal support, R9). 

Table 5.6 Selected livelihood and access/accessibility variable ·scores for the 
first and second CCA axes. The significance of each of the constraining variables 

is shown as well as for the entire model. 

Individual constraints Axisl Axis2 f p-value 
AG Fish -0.24 0.75 3.76 0.01 
Uso For -0.65 0.07 3.01 0.02 

Dep_Work -0.17 -0.37 2.05 0.10 
Use_Ag 0.43 -0.17 1.96 0.07 

Div Income -0.24 -0.16 1.75 0.16 
Catt 0.12 -0.37 1.68 0.16 

AS For -0.50 0.18 1.70 0.23 
Gend 0.26 0.25 1.54 0.21 

Alinfo EnvtD -0.46 -0.26 1.66 0.12 
AI_Proj -0.29 0.19 1.73 0.15 

Eigenvalue 0.18 0.17 
Proportion of variance 

0.25 0.23 
explained 

Cumulative proportion 
0.25 0.48 

explained 

Entire model 
Inertia 

Proportion f p-value 
Total 

Total variance (inertia) 4.54 1.00 2.08 0.05 
Proportion explained by 

0.75 0.16 
constraints 

Unconstrained inertia 3.79 0.84 
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Seeking temporary wage labour (R7), liquidating agricultural products (R2), and 

changing practices (RIO) are responses that do not vary much in the dataset, as 

indicated by their proximity to the origin (Figure 5.5). Although, the gender variable 

explains individuals who sought temporary wage labour (R7) and liquidated 

agricultural products (R2), indicating that more men reported these responses. 

5.5 Discussion 

For low-intensity socio-ecological pressures, individuals in the four study 

communities generally rely on the social and material resources already available in 

their livelihood portfolio. For example, natural resource users are more likely to 

extract aquatic and forest resources when faced with pressures. With the apposite 

knowledge and skills, individuals who use these resources on a regular basis also rely 

on them as a form of 'natural insurance ' that is mobilized when livelihoods are under 

stress (McSweeney, 2004). With such strong relationships to natural resources, these 

actors have a high stake in maintaining the quality and quantity of the forests and 

fisheries . While recognizing that livelihood and land-use decisions depend on 

multiple economic and political factors (Brondizio et al. , 2009; Lam bin et al., 2001; 

Pichon, 1997), it is notable that in these same communities, natural resource user 

households tend to maintain larger areas of forest on their land, compared to market 

and production-based livelihoods, and that they intend to keep future deforestation 

minimal so as to preserve forest stands (Oestreicher et al. , 2014). 

Natural resource users also receive loans and gifts from people with in their local 

social networks to help overcome pressures (R4). These inter-household transfer 

arrangements provide an ' informal social insurance' that builds on strong social 

relations, kinship ties, and social norms that are common in rural, resource-dependent 
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communities (Baird et al., 2014; De Weerdt et al., 2011; Fafchamps et al., 2007). 

Such risk-sharing relationships are often formed in the face of weak or absent formal 

institutions, such as the case in the study communities, and exchanges can persist 

over time, whether for single, abrupt shocks or long-term, persistent livelihood 

pressures (De Weerdt et al., 2011). Exchanges and gifts are clearly important in times 

of stress, yet variables representing the trade of plant material or fish resources 

(ASEx_Fish/ASEx_Plant) do not significantly explain responses (Figure 5.4). This is 

likely because regular barter and exchanges usually tend to maximize the economic 

benefits (i.e., trading with someone who has the seed that is needed, or with a 

neighbour because of their geographic proximity), while alleviation from livelihood 

stress is more closely associated to trust and kinship ties in social networks (Cox et 

al., 2007). 

Using the various network variables as proxies and our knowledge of communities, 

we can surmise that there is a higher level of trust and reciprocity between natural 

resource dependent individuals (Borgatti et al. , 2003). Use of commons resources, 

such as fishing and game hunting, can foster such local social ties (Minzenberg et al., 

2011), which in turn facilitate cooperation and collective responses to pressures 

(Adger, 2003; Pretty et al., 2001). For example, in response to pressures from 

overfishing, individuals in Sao Tome (Table 5.1) initiated community-based 

monitoring of predatory practices ( e.g., bottom trawling). These collective, self-

regulating management' efforts were, however, quickly abandoned following threats 

and conflict with external, more powerful actors (e.g., commercial fishers from urban 

areas). Calls for action and support from public institutions were made9
, but 

according to informants they were left unanswered. Members in this community 

expressed a general sense of disempowerment and lack of options to gain outsider 

support and address conflict, both of which can eclipse collective management 

9 Residents contacted the Brazilian Institute of Environment and Renewable Natural Resources 
(IBAMA) 
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(Fabricius et al. , 2007). Indeed, successful community-based management is not only 

contingent on community organizational characteristics, but also on governance 

structures and policies of external (formal) institutions (Adger, 2003 ; Plummer, 2009; 

Pretty, 2003). 

Like natural resource users, market-dependent livelihoods based on ranching and 

cash-crop production also rely on social networks for ' informal social insurance' , 

although this tends to be through external ties in urban centers. These individuals are 

more highly connected to regional economic networks of buyers and sellers owing to 

their higher production of cash crops and cattle (Oestreicher, 2015). Such external 

connectivity has been, in part, a catalyst to collective responses to livelihood 

pressures in the community of Vicinal da Batata - a community of mostly ranchers 

and medium-scale farmers. Individuals in this community collectively mobilized to 

improve local transportation to markets by capitalizing on their ties to the regional 

farmer' s association - an institution with relative political and financial clout 

(Oestreicher, 2015). Both this example and the failed collective fisheries management 

in Sao Tome highlight the scalar complexities of local responses that seek to change 

the functioning of the socio-ecological system, as well as the role of external 

institutions in the success of failure of these community endeavours (Cash et al. , 

2006; Dercon et al., 2008). 

Market-dependent livelihoods are most affected most by pests, blights, and low soil 

fertility (Figure 5.2), and they are more likely to sell livestock in times of stress - in 

part because this is an abundant and available asset in their livelihood portfolio 

(Oestreicher, 2015). Many informants indicated that, to confront these ecosystem 

changes, they use chemical inputs, such as pesticides, insecticides and synthetic 

fertilizers. In fact, at the individual farm-level , the onset of reported pest or blight 
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outbreaks 1s significantly correlated to the use of new chemical inputs10
• Such 

responses can in turn contribute to pollution and engender health problems for 

communities. 

Individuals who depend on cash transfers for their livelihoods (Dep_Ext) do not tend 

to use this cash in times of stress (R12, Figure 5.3). While slightly over half of 

households in the communities receive cash transfers 11
, those with livelihoods that 

depend on transfers as their primary income are more likely to allocate the cash to 

daily needs rather than saving it for unanticipated shocks. These individuals are also 

(relatively) more isolated from both local social networks as well as from regional 

economic networks (Oestreicher, 2015), such that the informal insurance and risk-

sharing arrangements that buffer market-oriented producers and natural resource 

users are simply not available for these individuals. Instead they sell stocked produce 

(R2), consequently reducing consumption of their subsistence crops, or they turn to 

wage labour (R7), usually migrating to engage in ranching, construction, logging or 

gold mining activities. Such responses can serve to further entrench these individuals 

in the subsistence trap in which they are already caught (Coomes et al., 2011; 

Oestreicher, 2015). For example, farm-level production may be reduced due to 

malnourishment or migration. Paraphrasing one informant: "migratory work means 

that I'll have to leave my family and so I won't be able to plant crops this year". 

10 Kendall test for the relationship between the start date of a reported pest/blight outbreak that affected 
production and the reported start date use of new chemical inputs, including synthetic fertilizers, 
insecticides, and pesticides: tau = 0.16, p-value = 0.10 

11 About 65% of all households receive some form of cash transfer; however, for people whose 
livelihoods are dependent on social support and subsistence agriculture, cash transfers represent 
anywhere from 85% to 100% of their annual income. 
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5. 5.1 Social networks and changing practices 

Beyond the material support and risk-insurance provided by social ties (whether 

urban or local), networks are also a means of knowledge exchange and diffusion of 

essential information for coping, adapting, and anticipating livelihood shocks (Osbahr 

et al., 201 O; Pelling et al., 2005). While information exchanges and livelihood 

responses are related, access to information (Table 5.2) and change of practices (Rl 1) 

are not strongly or positively correlated, as would be expected 12
• This could be due to 

the fact that individuals who already have high access to information may be better 

able to continually adapt their practices and thus did not report change as a response 

to the chosen four pressure scenarios. It would be of interest to probe further into 

changes of practice in the face of to low-intensity socio-ecological pressures by using 

interview methods that focus on the cause (e.g., drought, overfishing, etc.) rather than 

the pressure, as used in this study. Informants may associate these items more closely 

to changes in practice. 

Participation in research and intervention processes (Al_Proj) can provide 

information on complex socio-ecological problems and, as a compliment to local 

knowledges, can contribute to new and adaptive management solutions (Reed, 2008). 

Yet this variable is negatively correlated with change of practice (R 11 ), and is instead 

linked with the use of local-level resources and networks (R4, RS , R6). As with 

centrality in environmental change networks, this result is likely indicative of 

relationships embedded with in other variables. For example, individuals who are not 

participating in projects tend to have market-based livelihoods (Figure 5.3) and high 

12 Kendall test for exchange of agricultural information (Al info _AgD) and change of practice (R 11) 
for scenario 2 (production loss): Tau = - 0.06, p-value = 0.4789. Kendall test for exchange of fishing 
information (Aiinfo_FishD) and change of practice (R 11) for scenario 1 (lack of fishing resources): 
Tau= 0.02, p-value = 0.8947 
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connectivity and reliance on external social networks (R9, Figure 5.4)13
. Instead, 

involvement in projects is more closely related to individuals who practice forest 

extraction (Use_For, AS_For, Figures 5.3 & 5.4)14
• Given that both the PLUPH and 

NGO projects in question are related to agro-forestry systems, they align with the 

skills and knowledge of forest users, which can promote involvement. Furthermore, 

natural resource users have higher stakes in the management of local forest resources 

because their livelihoods depend upon them, which can similarly bolster 

participation. 

Similarly, social network measures used in this study are indicative of information 

exchanges; yet, only one measure ( centrality in environmental change discussion 

networks, Aiinfo_EnvtD) significantly explains variation in responses (Figure 5.4). 

Further, this variable is not related to changing practices (Rl 1) as would be expected, 

but rather to using fixed salary income to face livelihood pressures (RS). 

Environmental change information access is strongly correlated to education and age 

(Fatorelli, 2013), indicating that this variable is likely embedded in other social 

dynamics. Age and education, in turn, are predictors of wealth and employment 

(Fatorelli, 2013; Oestreicher, 2015; VanWey et al. , 2013), so individuals who gain 

most of their income from employment (Dep_ Work) are more likely to use their 

salary to overcome these pressures (Figure 5.3 & 4). 

13 Among the livelihood variables, Catt exhibits the strongest negative correlation with AI_Proj : tau = 
-0.1573, p-value = 0.04084 

14 Among the livelihood variables, Use_For exhibits the strongest correlation with AI_Proj : tau = 
0.1643, p-value = 0.02699 
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5.5.2 Gendered livelihood responses 

With livelihood activities being highly gendered in these communities, gender norms 

tend to dictate who controls and accesses resources (Oberhauser et al. , 2004; 

Oestreicher et al. , 2014) and thus they also shape response strategies. Among the 

socio-demographic variables considered (Table 5.2), it is only gender that explains 

variation in the response data. According to its position in the ordination, this 

indicates that men and women are using different strategies to cope with pressures 

(Figure 5.4). For example, farm and livestock production activities are generally in 

the hands of men, granting them the knowledge, skills, social connections and power 

over farm resources. In times of stress, cattle and, to a lesser extent, cassava flour - a 

native Amazonian food-staple - are the chief buffers for Amazonian farmers (Hecht, 

1993 ). As such, men are more likely to liquidate agricultural produce or livestock 

(R2, Rl , Figure 5.4) or engage in wage labour on farms (R7) than women. 

On the other hand, women are more likely to extract forest products (R6) or rely on 

fixed-salary income (R8) in times of stress. Women typically tend to the home and 

garden, and for those who are dependent on natural resources, they will also engage 

in a majority of the forest extraction activities (Colfer, 2012; Oestreicher et al., 2014). 

With specialized knowledge and skills, these women have agency over the extraction, 

production and sale of forest derivatives (Kainer et al., 1992; Simonian, 2001 ), 

making it a primary means of contributing to household coping strategies. 

Additionally, it is not uncommon in rural areas for girls to have a higher level of 

education than boys, as young men must often abandon school to work on farms. As 

such, women tend to have higher access to off-farm employment opportunities and 
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fixed salaries (VanWey et al. , 2013) - although this may be changing with the Balsa 

Familia program 15. 

5 .5 .3 Response strategies and socio-ecological feedbacks 

In general, the livelihood response strategies reported in this study reinforce existing 

organizational structures and functioning of the socio-ecological system through 

feedback loops. For example, in response to limited market access, members of 

Vicinal da Batala collectively changed the structure of the system (i.e. , transportation 

system), thereby alleviating the livelihood pressure. At the same time, however, this 

action served to reinforce pre-existing social inequalities. While the social ties 

between the community and regional farmers associations were strengthened, only 

households with market-based livelihoods have access to these benefits. 

On the other hand, the collective response to aquatic resource-use conflict in Sao 

Tome challenged the functioning of the socio-ecological system, but did not bring 

about the desired changes. The situation instead reinforced the distance between 

natural resource users and external social networks, including actors in public 

institutions. Indeed, failed actions can corrode local social ties and can foster a sense 

of disillusionment regarding state-based support systems (Baird et al. , 2014). The 

social and cognitive implications of failed interventions, whether bottom-up, 

community-lead endeavours (such as this case), or top-down actions (even if 

participatory), such as the PLUPH project, should be given more attention in research 

and practice. Indeed, they can shape the success of future collective and individual 

ecosystem management strategies (Plummer, 2009). 

15 Since about 2003, the government offers cash transfers to rural families, stipulating conditions such 
as student enrollment, among others. 
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While failed collective actions can weaken social relations, this study indicates that 

strong social ties (which are characteristic of households in Sao Tome') can be further 

strengthened through the use of local "social network insurance" in times of stress 

related to crop loss (De Weerdt et al. , 2011). This and the previous examples in Sao 

Tome highlight how responses can have very different feedbacks on the social 

system, depending on the pressure ( e.g., fishing resources or crop loss) as well as the 

level of action taken (individual or collective action) (Bodin, 2006; Plummer, 2009). 

Responses can also reinforce pre-existing gender roles and norms. Actions that help 

men maintain their agency over production (i.e., livestock or crop sales) enables them 

to continue holding most of the economic decision-making power. Notwithstanding, 

this may not always be the case for natural resource dependent livelihoods. Women 

who have forest-based knowledge may actually gain economic power in times of 

stress, as they can contribute to the household through sales of forest and orchard 

products, granting them more agency (Oestreicher et al. 2014). It is of interest to 

examine if the changes in household gender norms and power structures are 

permanent or are punctual results of the socio-ecological pressures, as there are 

implications for social equity and resource-use strategies. 

Beyond the social implications, there are also health-related and ecological 

feedbacks. With compounding and acute livelihood pressures, natural resource users 

may increase their extraction from forest and rivers, thereby impacting on the long-

term abundance and diversity of the ecosystems (Cinner et al. , 2011). 

Similarly, increasing the use of chemical-inputs in response to emerging pest and 

blight outbreaks can directly affect the health of farmers ; indeed, some informants in 

this study reported onset of nausea and fatigue following the use of certain pesticides. 

Such chemicals also pollute waterways, affecting aquatic fauna and, consequently, 
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the health natural resource extractors who regularly eat fish. Such individual, 

technological solutions are effective in the short-term, but do not address ,the systemic 

drivers of crop failure (Holling et al., 1996), which include local deforestation and 

regional climate shifts (Chapin III et al., 2008). In addition, such a response promotes 

resistance in pests, which in turn · demands increased and modified chemical inputs 

(Holling et al., 1996). 

Finally, responses such as migratory work to meet immediate needs in times of crisis 

can further entrench individuals in a subsistence trap that promotes ecosystem 

degradation (Oestreicher, 2015). Further, it is not uncommon for these migratory 

employment opportunities to involve worker exploitation or unpaid labour, which 

have implications for the health and well-being of these individuals. 

5.6 Conclusions 

Livelihood response strategies to low-intensity, socio-ecological pressures in the four 

rural communities generally correspond to available livelihood options; there were 

however, distinguishing features involving gender and scale. Important differences 

were noted in the responses of men and women, which is overall a reflection of local 

gender norms. Differences with respect to local and external resources were most 

notable, with some people relying almost exclusively on the focal socio-ecological 

system; while other people are highly connected to external actors. In general, the 

response strategies reported in this study have manifold socio-ecological feedbacks 

that affect social relationships, ecosystems, and health and well-being. Considering 

these system dynamics can help direct future resource management actions that 

consider scale, connectivity and socio-ecological dynamics. 
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CHAPTER VI 

PERSPECTIVES: FROM LIVELIHOODS AND LANDSCAPES TO THE SOCIO-
ECOLOGICAL DYNAMICS OF HUMAN HEAL TH 

Each of the chapters in this thesis provides a unique contribution to the advancement 

of knowledge in a given area of scholarship. By weaving the results from each 

chapter together, a new narrative around human health situations in the Tapaj6s River 

region emerges. A narrative that emphasizes the importance of interconnected, 

complex socio-ecological relationships and their links to mercury biogeochemistry 

and Chagas disease ecoepidemiology. 

To open avenues for future research, this chapter illustrates the possibilities for 

synthesis using the concepts of landscapes and livelihoods. Both are considered to be 

emergent properties of socio-ecological interactions at multiple scales, shaped by 

economic, political, cultural and social-relational elements (Chapter 3, 4, and 5) as 

well as vegetation, hydroclimate regimes, soils, topography etc. (Chapters 1, 2, and 

5). By extrapolation, landscapes and livelihoods are a reflection of one another: 

livelihood activities are drivers of land-use/land-cover change (Chapter 3 and 5), 

while land-use/land-cover will shape the livelihood options available and, 

consequently, household decision-making (Chapters 4 and 5). 
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While an in-depth integration and synthesis is beyond the immediate scope of this 

thesis, this section nonetheless exemplifies how a landscape and livelihoods 

perspective can provide new information and unique insights on ecological 

transformations and social processes that are of relevance for public health, not only 

in the Tapaj6s region but the greater Amazon basin and beyond. 

To do so, I draw on findings from the communities of S!io Tome and Nova Estrela 

(Table 0.1 , Context section), which are complemented by secondary data from fellow 

PLUPH researchers, including: B. Gregoire, J. Valentini, M.Quartier, D.Amaral, 

A.Beliveau, £.Belanger, and F.Dias. These two communities were chosen because 

landscape patterns and livelihoods strategies differ greatly16, allowing for a 

comparison across socio-ecological extremes. In Nova Estrela, the landscape was 

dominated by tropical rainforest at the advent of the highway-era colonization (Figure 

6. la), but was rapidly transformed to vast areas of pasture, organized in a fish-bone 

pattern along roadways (Mertens et al., 1997) (Figure 6.1 b ). As the frontier moved 

from the opening stage to the extensification/intensification stage (Context section, 

Figure 0.4), households began practicing market-integrated ranching activities that 

still persist today (Chapters 4 and 5). In contrast, S!io Tome remains in the 

subsistence/small-scale stage of frontier expansion - even though it is much older 

community (Context section, Table 0.1). In 2009, the landscape was marked by 

irregularly distributed and heterogeneous patches of crop, pasture and secondary 

forest cover (Figure 6.ld) that are typical of small-scale swidden (slash-and-bum) 

agricultural systems (Context section, Figure 0.5) (Mertens et al., 1997), such as 

16 The community of Vicinal da Batala is further advanced in the frontier process relative to Nova 
Estrela (Table 0.1 , Context section), however, it is not an ideal candidate for the illustration herein, as 
secondary health and environmental data is unavailable because other members of the PLUPH project 
did not conducted research in this community (Context section). 
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those that have been practiced by households in Sao Tome for generations (Chapters 

3 - 5). 

a) . 1975 
Nova Estrela b) 2009 

Sao Tome 
c) 1975 d) 2009 

Figure 6.1 Landscape patterns in the communities of Sao Tome and Nova 
Estrela in 1975 and 2009. Green represents forested areas, including primary 
fragments and secondary forests from 3 to 25 years old. Blue represents water 
and flooded zones, while the different shades of pink represent areas that are 
actively used by humans, such as pastures and crops (light pink) and urban 

areas and exposed soils (dark pink). White represents areas where no spectral 
data were found. Data were adopted from Rozon et al. (2015) and from Chapter 

3. 
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6.1 Landscape, livelihoods and mercury exposure and biogeochemistry 

Some of the highest levels of methylmercury exposure in the world have been 

documented in the Brazilian Amazon, at levels far exceeding the tolerance limit 

defined by the World Health Organization (Berzas Nevada et al., 201 O; Hacon et al. , 

2008; Mergler et al. , 2007). With manifold toxic effects, exposure to this heavy metal 

is a major public health concern. It can seriously hinder a person' s ability to work and 

learn, causing symptoms such as reduced fine motor skills and coordination, vision 

impairment, or weakened cognitive functions (Mergler et al. , 2007; Passos et al. , 

2008a). As such, mercury exposure may threaten local livelihoods and well-being, 

especially for people who rely exclusively on subsistence production practices and 

manual labor to make a living, like much of the rural population in the Tapaj6s 

region. 

Following the publication of the first toxicological reports in the 1990s, frequent 

consumption of mercury-loaded fish was identified as the primary exposure pathway 

in the Amazon (Barbieri et al., 2009; Hacon et al. , 2008; Lebel et al. , 1997). Debates 

then exploded around the source of the contaminant, with many researchers blaming 

the growing gold-mining operations in the Amazon (Malm, 1998; Telmer et al. , 2006; 

Telmer et al. , 2009). But in the Tapaj6s region, research has largely discounted 

mining as a point source; instead showing that mercury is a naturally-occurring 

element in soils. While the metal tends to remain locked in forested soils, ranching 

and agriculture promote the movement of mercury to waterbodies through erosion 

and lixiviation processes (Farella et al. , 2006). Following methylation by aquatic 

bacteria, the organic mercury compound can then bioaccumulate in biota and 

biomagnify in the food chain, with particularly high concentrations found in 

piscivorous fish at the highest trophic level (Hacon et al. , 2008; Sampaia da Silva et 

al., 2005). 
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Mercury levels in the study communities differ substantially, with significantly lower 

toxin concentrations in Nova Estrela compared to Siio Tome (Figure 6.2). Given the 

radically different livelihood practices, ecosystem types, and origins of these two 

communities (Chapters 3 - 5), such variations are unsurprising. In the riparian 

community of Siio Tome, fishing in nearby waterbodies is not only related to cultural 

identity (Chapter 3), but is also a source of revenue for families and a primary food 

source for "natural resource extractors"17(Chapters 3 - 4). In the inland community of 

Nova Estrela, _however, small streams afford limited opportunity for fishing (Chapter 

4). Households with "market-dependent agriculture and ranching" 18 (Chapters 4 - 5) 

may also have fundamentally different perceptions of fishing practices, preferring to 

raise cattle and eat beef as a sign of status and wealth (Chapter 3). 

While mercury exposure is considerably higher in Siio Tome, consuming native fruits 

and nuts can reduce the toxic effects (Passos et al., 2008b ). As with fishing, 

extractivism of edible forest products is a traditional Amazonian practice used by 

many rubber-era families in Siio Tome (Chapter 3). Furthermore, these resources are 

more readily available in the landscape in Siio Tome (Chapter 4) and the skills and 

knowledge needed to practice extractivism have been passed through 

intergenerational kinship groups (Chapter 3). 

17 Note that in Chapter 3, this livelihood type is referred to as the traditional livelihood portfolio, and in 
Chapter 4 and 5 this livelihood is classified as a diversifying trajectory. The different nomenclature is 
used in accordance with the specific article objectives. Also, a different set of data were used in 
Chapter 3 than in Chapters 4 and 5; as such, the typology afforded by the ordination is slightly 
different and thus demanded specific nomenclature . 

18 Note that in Chapter 3, this livelihood type is referred to as the agrarian-colonist livelihood portfolio, 
and in Chapter 4 and 5 market-dependent production and ranching are grouped into the accumulator 
livelihood trajectory. The different nomenclature is used in accordance with the specific article 
objectives. Also, a different set of data were used in Chapter 3 than in Chapters 4 and 5; as such, the 
typology afforded by the ordination is slightly different and thus demanded a more specific 
nomenclature. 
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Figure 6.2 Boxplot of blood mercury (B-Hg) levels in the two communities. 
Sampling was performed in 2008, during the dry season. A one-way analysis of 

variance demonstrates that the groups are significantly different (f-value = 
66.67, p-value < 0.0001). Data were adapted from Valentini (2010). 

In addition to the cultural aspects of resource-use and the proximity of resources, 

changes in landscape and livelihoods can provide further insight into mercury 

exposure patterns (Context, Figure 0.4 & 0.5). This hypothesized relationship can be 

illustrated with longitudinal data from a community that has undergone a recent 

frontier transition. Like Sao Tome, Brasilia Legal (located in the Tapaj6s region) was 

historically a community of rubber-era, "natural resource extractors" that practiced 

small-scale, subsistence agriculture. But recently, the community has rapidly 

advanced in the frontier process, as households adopt "market-dependent and 
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ranching" or "employment"19 livelihood models (Chapter 4) in response to new 

economic opportunities from large-scale ranching and logging activities. Indeed, the 

frequency of hunting, fishing, and gathering practices (key practices of "natural 

resource extractors") tends to diminish as the frontier progresses, being replaced by 

other activities (Brondizio et al., 1999; Pichon, 1997b ). 

Mercury levels in Brasilia Legal have been considerably decreasing over the last 

decade (Figure 6.3), which in part, may be explained by changing dietary habits. For 

example, livelihood transitions and rise in affluence would increase beef consumption 

while lowering reliance on subsistence fishing. Indeed, people in this community 

have significantly increased their consumption of meat products ( chicken and beet) 

between 1999 and 2009, while overall daily fish intake decreased (Amaral, 2012). 

Furthermore, landscape changes that threaten the composition and diversity of fish 

species may also play a role. Deforestation and ranching can shift ecosystem services, 

such as seasonal flood pulse timings and water quality, that subsequently modify 

fragile fish breeding habitats and trophic dynamics (Alho et al., 2015; Allan, 2004). 

Further compounded by overfishing, the overall availability of fish may simply be on 

the decline, while larger fish have been selectively removed from the ecosystem 

(Allan, 2004; Duffy, 2003). Indeed, fishers in the region note that certain species are 

increasingly rare and that maximum weight of their catches are decreasing (Fatorelli, 

2013). With fewer options, fish will be consumed less frequently (as observed in 

Brasilia Legal), and among what is consumed, the fish will tend to be smaller and 

have lower Hg content (Berzas Nevado et al., 2010). This could thereby explain the 

reduced human exposure levels over time. 

19 Note that the employment livelihood (from Chapters 4 and 5) is referred to as "off-farrn work" in 
Chapter 3 
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Figure 6.3 Mercury (Hg) levels in Brasilia Legal community in parts per 
million (ppm), compiled from hair samples from various sources. Adapted from 

Berzas Nevado et al. (2010). 

Continuing with this line of thinking, livelihoods and landscapes not only reveal 

information about human mercury exposure patterns, they also relate to mercury 

biogeochemical cycling in the ecosystem. On the one hand, conversion of forests to 

pasture for cattle ranching, such as practiced in Nova Estrela, encourages erosion and 

transportation of mercury bound to soil particles (Belanger, 2012). Similarly, frequent 

fire use, typical of the shifting agriculture practices of "natural resource extractors" in 

Sao Tom e (Chapter 4 and 5), also mobilizes mercury, primarily through leaching and 

runoff from exposed soils (Beliveau et al., 2009; Farella et al., 2006; Patry et al. , 

2013). In this case, the landscapes and livelihood practices in both Nova Estrela and 
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Sao Tome are contributing to increased mercury fluxes to sediments and water 

column in the region (Belanger, 2012) (Chapter 1). 

In addition, specific watershed hydrology and terrestrial-aquatic connectivity will 

also regulate how energy and matter, including mercury, flow in the ecosystem 

(Allan, 2004; Amoros et al. , 2002; Junk, 2002; Tockner et al. , 2010; Tockner et al. , 

2002). For example, in the riparian zone, where Sao Tome is situated (Table 0.1 , 

Context section), mercury will be transferred rapidly to lakes and rivers, while in the 

upper reaches of the watershed, where Nova Estrela is located, longer flow paths will 

hinder transport. Secondly, selective removal of seasonally flooded igap6 forests 

(which was widely reported in Sao Tome) will increase sedimentation and 

geochemical fluxes, as these sensitive ecotones protect shorelines and regulate the 

permeability of the water-land divide, buffering mercury transport (Dunne et al. , 

1998; Junk, 1997; Tockner et al. , 2010). Finally, compared to Nova Estrela, 

topographic variation in Sao Tome is extreme and soils are richer in mercury content, 

which will also contribute to higher mercury fluxes (Chapter 1). 

Landscape change not only alters mercury fluxes, but also local water quality and 

ecosystem parameters that are implicated in methylation processes and geochemical 

cycling (Silva-Forsberg et al. , 1999; Ullrich et al. , 2001). Effluent from farms and 

ranches tend to increase nutrient loadings and turbidity and change chemical 

conditions (e.g., temperature, pH, electric conductivity) of the aquatic environment 

(Grimaldi et al., 2014) For one, this can promote the growth of macrophytes (Junk, 

1997; Kallio la et al. , 1991 ; Salo et al. , 1986) the herbaceous floating reed beds that 

are known hotspots for methylation (Guimaraes et al. , 2000). Further, the activity of 

aquatic bacteria, such as those that methylate mercury, is enhanced by water nutrient 

content (Coelho-Souza et al. , 2006; Guimaraes et al. , 2000; Silva-Forsberg et al. , 

1999). Highly deforested and degraded areas are then prime conditions for 
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bioaccumulation in fish. In fact, in the Tapaj6s region, significantly higher mercury 

concentrations have been found in fish from deforested areas (Sampaio da Silva et al., 

2009). 

6.2 Livelihoods, landscapes, and Chagas disease ecoepidemiology 

Chagas disease is a major public health concern in Latin America, with up to 70 

million people at risk, yet it remains a neglected tropical disease (WHO, 2015). In the 

acute form, the disease presents serious long-term health effects such as 

cardiovascular compilations, digestive system failure, and eventually death if 

untreated (Prata, 2001). While it is considered endemic in much of Latin America, 

reported cases in the Amazon have historically been infrequent and few (Aguilar et 

al. , 2007; Coura et al. , 2002; Santos, 2013; Valente et al. , 1999). Nonetheless, 

documented disease prevalence in the region has been on the rise since 1980; 

although it wasn't until 2005 that major outbreaks began being reported20
, 

predominantly in the state of Para (Aguilar et al. , 2007; Coura et al. , 2014; Santos, 

2013). 

Dias et al. (2014 ), who conducted one of the first surveys in the Tapaj6s region, 

report that around 3% of the population2 1 in the study communities was infected with 

20 Notably, a majority of cases were due to acute oral transmission related to the consumption of a9ai 
and bacaba palm juice that was contaminated by infected triatomines (the insect vector). These palms 
are not a known niche for triatomines and are thus not directly involved in the ecoepidemiology of 
vector-based transmission (Valente et al. , 1999). 

21 In 2008-2009, a randomized sample of the adult population (n = 187) was undertaken in three of the 
four study communities (See Introduction). Given the history of seasonal mobility and recent 
migration in these communities, it cannot be confirmed if T.cruzi infection was acquired locally or if 
infection elsewhere or through other transmission mechanisms. 
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the protozoan parasite Tcruzi, the pathogenic agent of Chagas disease (Dias et al., 

2014). This parallels prevalence documented in other regions of Latin America and 

the Amazon (Aguilar et al., 2007), highlighting the urgent need for public health 

responses and the pertinence of research on Chagas disease in the region. 

While there are several known transmission pathways, including congenital, oral and 

blood transfusion-associated, it is vector-based transmission that is at the core of 

environmental-health concerns. People may become infected with Tcruzi when a 

triatomine (Hemiptera: Reduviidae), the blood-sucking insect vector, feeds on a 

human and contact is made with the insect' s feces, which harbours T cruzi. The 

protozoan parasite can then enter the human bloodstream through the open bite 

wound or it may penetrate the mucus membranes of the eye or mouth. 

T cruzi moves through the socio-ecological system through two epidemiological 

cycles, the sylvatic and the domiciliary cycles (Coura et al. , 2014). In the sylvatic 

cycle, which has been present in undisturbed ecosystems for millennia, the pathogen 

is present in both wild mammals as well as sylvatic triatomines, many of which 

(Rhodnius sp.) live and breed in palms of the Atta/ea genus (Aguilar et al. , 2007; 

Coura et al. , 2002). Synanthropic vectors can then fly from nearby forests or peri-

domiciliary palms to human homes, often attracted by electrical lighting (Minoli et 

al., 2006; Roux et al. , 2011 a). 

The spatial organization of the landscape, as well as land-use change dynamics, are 

then important considerations for Chagas ecoepidemiology. For example, studies 

have found that sylvatic triatomines are more likely to invade homes that are in close 

proximity to forest patches (Leite et al., 2011 ; Roux et al., 2011 b ). This is a concern 

for households in Sao Tome who maintain forests, palms and orchards near their 
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homes in order to extract medicines, fruits, and other materials (Chapter 3) as part of 

their "natural resource extraction" livelihoods (Chapters 3 - 5). 

Furthermore, periodic deforestation events, frequent fire use, and secondary regrowth 

that are part of these livelihood practices will favor the dispersal of the insect vector 

(Quartier, 2012). In fact, following results from Chapter 2, when landscapes are 

heterogeneous (various land-cover patches) and dynamic, such as in this community 

(Table 6.1), palms in surrounding areas are more likely to be infested with the insect 

vector (Abad-Franch et al. , 2005; Dias, 2011 ; Dias et al. , 2014; Quartier, 2012). 
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Table 6.1 Variables related to landscape, vectors and Atta/ea palms in the 
cbmmunities of Sao Tome and Nova Estrela. Landscape connectivity metrics 

include the number of patches (total number of land-use/land-cover clusters of 
the same class) and the median patch size per community. 

Sao Tome Nova Estrela 
Area with no to very low probability of Atta/ea 16.16 22.63 presence (%) a 

Area with medium to high probability of Atta/ea 83.84 77.37 presence (%) • 
Portion of palms infested with vector (infested 

palms/total palms sampled) b* 0.71 0.52 

Insect density b+ 67 53 insects/palm insects/palm 
Total number of patches/community c 494 337 

Median size of patches in pasture and agriculture 
(km2) c 8.58 14.27 

Median size of patches in primary (fragmented) 5.44 10.20 forest (km2) c 

a See Chapter 2 for details; b Data adapted from Dias et al. (2010), from samples collected in 2008; c 

Data generated with the 2009 land-use/land-cover map from Rozon et al. (2015) using GRASS 
software; * Average across all sampled palms, includes three palm tree species: A. maripa (lnaja), A. 
speciosa (Babac;;u), and A. phalerata (Urucuri);+ Includes all life cycle stages 

In contrast, primary and secondary forest fragments are quite far from houses in Nova 

Estrela and, at the time of the study, the landscape in this community was relatively 

unchanging. Typical of highway-era communities, the tropical forest was quickly 

converted to expansive pasture following community establishment (mid- l 980s) in 

order to sustain their "market-dependent and ranching" livelihoods (Chapter 4 and 5) . 

. While triatomines are unlikely to fly from forests to homes in this community, the 

Atta/ea palms in surrounding pastures and fields can harbour (are infested with) the 

insect vector (Quartier, 2012). In fact, these palms are a functional corridor for 

triatomine, allowing them to move through the open landscape, especially following 

landscape changes, fire disturbances, or to search for food sources when the supply is 
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limited (Abad-Franch et al. , 2005; Quartier, 2012). As such, contact with the insect 

vector is also a concern in this community. 

From a systems perspective, changes in ecosystem services, such a biodiversity or 

soil quality, can also provide diagnostic reports for Chagas ecoepidemiology 

(Gottdenker et al. , 2012; Xavier et al. , 2012). As forests are replaced by pasture or 

crops, the proliferation of Atta/ea palms (the principle ecotope of the insect vector) is 

favoured. Even with soil degradation and nutrients abatement, these palms can persist 

and flourish in the landscape (Gregoire, 2010), while other native vegetation growth 

is supressed. In fact, fires disturbances and short crop-fallow cycling that seriously 

alter soil quality, may encourage high density stands (Anderson et al. , 1991; Jackson, 

1974; Mitja et al., 2001). These palms are thus not only an indicator of Chagas 

disease risks (Romafla et al. , 2003), but also of ecosystem service integrity. 

Similarly, biodiversity is most relevant to Chagas ecoepidemiology (Gottdenker et 

al., 2012; Xavier et al., 2012). Sylvatic mammals are an important food-source for the 

insect vector, as well as competent reservoirs of T.cruzi, meaning that structural 

ecosystem changes in invertebrate diversity can have cascading effects on triatomine 

populations and pathogen cycling (Leite et al. , 2011; Pardini et al., 2010). 1n 

fragmented and degraded forests , T.cruzi will tend to be more prevalent, as 

transmission occurs more readily among mammals with faster life-cycles (r-selected 

reproductive strategies) who also are more resilient to landscapes change than other 

mammals (Gottdenker et al., 2012; Pardini et al., 2010). Indeed, in Sao Tome, where 

there is considerably more secondary forest, triatomines were found to be feeding on 

these types of mammals, but also have higher zoonotic infection prevalence (Dias et 

al. , 2014). 
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On the other hand, in highly degraded ·landscapes of predominantly pasturelands, 

such as Nova Estrela, the abundance of mammalian hosts maybe so scarce that 

malnourished triatomines will seek other, more reliable food-sources such domestic 

animals or humans (Leite et al. , 2011 ). This situation, combined with Attal ea palms 

in proximity to homes may encourage triatomines to adapt to the domiciliary setting, 

such as human homes and surrounding yards (Leite et al., 2011 ). 

The domiciliary cycle, the second ecoepidemiological cycle of relevance to this 

research, has been observed in arid biomes and highly anthropisized ecosystems, 

where certain species of triatomine have adapted to the peri-domiciliary and 

domiciliary environment. That is, they actively reproduce in human-made structures, 

such as homes or animal pens, taking blood-meals primarily from humans and 

domestic animal (Feliciangeli et al., 2003). 

Although it is uncertain if triatomines in the Amazon are adapting to the domiciliary 

setting (Abad-Franch et al., 2009), the rapid socio-ecological changes in the region 

are cause for concern, especially since landscape changes are altering vegetation, 

microclimates, and host biodiversity (Dias et al., 2002). Furthermore, community 

conditions are conducive to domiciliary vector infestation. In fact, according to 

anecdotal evidence in the study communities, insect vectors have been found in 

homes; in at least one case, an insect found in in Nova Estrela was positively 

identified as a an adult triatomine by an expert22
. 

Based on studies conducted elsewhere, the pnmary risk factors determining 

household infestation of domiciliated insects include housing materials that create 

22 Because no juvenile insects have been found in homes, domiciliation cannot be confirmed. Instead, 
these home invasions are likely due to sylvatic vector dispersal . 
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ideal environments for the triatomines to live and breed (e.g., adobe brick, dirt floors, 

thatched roofing) (Moncayo et al. , 2009; Monroy et al. , 2009) and an abundance of 

domestic animals in and around the home that are potential food-sources for the bug 

(Nascimento et al. , 1997; Teixeira et al. , 2001 ; Vazquez-Prokopec et al., 2005). 

A livelihood perspective can offer insight into the distribution of these risk factors in 

Nova Estrela and Sao Tome (Table 6.2). For example, while housing material is often 

attributed solely to economic wealth (Sanchez-Martin et al. , 2006; Walter et al., 

2005), it is also a reflection of cultural identity and livelihood practices (Chapter 3). 

Thatched roofing is more common in Sao Tome than in Nova Estrela (Table 6.2), 

where such building materials are typically used by households that extract and use 

forest products ("natural resource extractors", Chapter 4). On the other hand, the use 

of adobe bricks is more common in Nova Estrela (Table 6.2), where most households 

immigrated to the region during the highway-era colonization (Table 0.1 , Context 

section), importing this practice from other regions of Brazil. While Nova Estrela 

tends to have more cattle and other valuable livestock (Chapters 4 and 5), other 

domesticated animals are evenly distributed between the two communities (Table 

6.2). Similarly, there is little difference with respect to electricity in homes (Table 

6.2), which is related to vector dispersal (Roux et al., 2011 a). 
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Table 6.2 Proportion of key domiciliary variables related to home invasions 
of the insect vector and select extractivist practices in households in Nova Estrela 

and Sao Tome. Variables are shown and those that are significantly different 
across communities (chi-square test p-value > 0.05) are marked with an asterisk 

(*) 

Sao Tome ( n =24) Nova Estrela (n = 17) 
Adobe brick(% of homes) 5 10 
Dirt floor*(% of homes) 38 61 

Thatch roof*(% of homes) 24 6 

Domestic animals (total 
Poultry: 351 Poultry: 438 

number of animals) 
Pigs and goats*: 77 Pigs and goats*: 5 

Total: 428 Total: 443 
Electricity (% of homes) 72 71 

Bacaba/a9ai extraction (% of 42 12 
individuals)* 

Practices hunting (% of 
58 35 

individuals) 

Finally, livelihoods can also offer insight into other transmission risks. Both ar;ai and 

bacaba palm fruits and bush meat are culturally important resources, integral to 

Amazonian identities, and are closely associated to "natural resource extractor" 

livelihoods (Chapters 3 and 4). Households practicing this livelihood (Table 6.2) may 

be considered at higher risk of oral transmission. In fact, consumption of palm juice 

extract that is contaminated by infected triatomines has been identified as a primary 

source of recent Chagas disease outbreaks in Brazilian Amazon (Abad-Franch et al., 

2009; Santos, 2013). Furthermore, the preparation of wild game, such as frequently 

consumed armadillos that are competent T.cruzi reservoirs, also represents a 

transmission risk, as the parasite is present in the animal 's blood, urine or feces. 
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6.3 Conceptual representations of landscapes and livelihoods for human 
health 

Landscape patterns and livelihoods in the communities of Sao Tome and Nova 

Estrela (Table 0.1, Context section) highlight important socio-ecological dynamics 

that are related to the local health context. Landscape changes and livelihood 

decisions affect vital ecosystem services (Millennium Ecosystem Assessment, 2005) 

that are key drivers of mercury cycling as well as cycling of the pathogenic agent of 

Chagas disease (T cruzi). In the case of mercury biogeochemistry and exposure, these 

include regulating services such as soil retention and erosion or flow and timings of 

flood pulses, as well as provisioning services of fish , fruit and nuts for consumption. 

For Chagas disease, the regulation of insect-vector dispersal, Atta/ea palms 

populations, and mammalian host diversity are key. The analysis of spatio-temporal 

landscape patterns, and specifically landscape metrics such as connectivity or 

proximity indices, are useful indicators of ecosystem functioning and the services 

they provide (Grimaldi et al. , 2014). In addition, the analysis of livelihood activities 

and decision-making processes provide pivotal information on land-management 

practices and resource-use that also influence ecosystem services, including fire use, 

cattle density, cropping practices, or fishing and hunting frequency. 

Figure 6.4 synthesize the interactions between landscapes (land-use/land-cover), 

livelihoods (the portfolio of resource-use activities, resource-management practices 

and decision-making), as well as ecosystem services. Each of these subsystems 

functions with its own system dynamics, rules and purpose. Feedback loops exist 

within and between them, while external socio-ecological factors of influence (Figure 

6.4) will also shape how they operate. 



315 

This conceptual representation (Figure 6.4) leaves room for various system 

delimitations and scales of analysis, which should be defined by the objectives of the 

study (Waltner-Toews et al. , 2008). Numerous scales can be introduced, including 

temporal and spatial as well as social-relational or jurisdictional (Cash et al. , 2006). 

Further, there are multiple, nested subsystems within each. For example, livelihoods 

(Figure 6.4) can be analyzed at the individual (agent) level, but this is also influenced 

by the household (multiple agents) and community levels (multiple households). Here, 

scales should allow for social-networks, property and resource-use rights, formal 

institutional frameworks to be considered. On the other hand, ecosystem services and 

landscapes (Figure 6.4) can be considered at the patch-level (such as an agricultural 

field or forest fragment) as well as the regional level (such as the watershed that is 

bound by geographic limits and interconnected patches). 
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Figure 6.4 Relations of influence (arrows) among landscapes (land-use/land-cover), livelihood activities, livelihood 
decision-making, and ecosystem services. Each box represents a subsystem of multiple interacting elements, with unique 

processes and feedbacks within (not shown). Together these interacting subsystems are indicators of the local socio-
ecological system, that operates with in the context of external socio-ecological influences. 



Such a conceptual representation can be used to understand socio-ecological 

relationships and human health, as exemplified in Figures 6.5 and 6.6. Changes in the 

landscape and livelihoods promote the proliferation of Atta/ea palm trees (Chapter 2) 

in high densities, alter biodiversity of hosts for triatomines, and influence insect 

vector population dynamics (Figure 6.5). At the same time, landscape changes 

promote the release of mercury form soils and encourage transportation of the metal 

to the aquatic ecosystem and methylation (Figure 6.6) (Chapter 1). As such, 

livelihood decisions and landscape changes trigger a cascade of socio-ecological 

changes that have compound health consequences for local populations. These 

changes facilitate Chagas disease cycling in the ecosystem and thereby contribute to 

the risk of vector-based transmission (Figure 6.5). At the same time, they also 

promote mercury biogeochemical cycling, thereby increasing the risk of exposure to 

the toxin (Figure 6.6). 

This representation can be of practical use, as it sheds light on the complex and 

dynamic socio-ecological interactions that are often overlooked in the planning of 

public health strategies and prevention programs. Typically, mechanisms to manage 

health risks are built on linear, direct-control strategies that focus on the exposure 

pathway (Figures 6.5 and 6.6) and prioritize elimination of the source of the 

infectious or toxic agent. For example, in the case of Chagas disease, the insect vector 

may be eradicated from homes using insecticides or housing materials may be altered 

(Dias et al. , 2002). In the case of mercury exposure, campaigns that address food and 

diet are the primary strategy, such as limiting the consumption of carnivorous fish 

with high mercury content (Mertens et al., 2012). While these strategies can have 

short-term success (Guimaraes et al. , 2012), in the longer-term these efforts may not 

be sustainable. For example, triatomines often re-invade and re-infest homes, or the 
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newly introduced housing materials are not socially or culturally sensitive (Moncayo 

et al. , 2009). In the case of mercury exposure, some households may not have the 

luxury of selecting fish with low mercury content, especially as fish availability will 

increasingly be uncertain if aquatic ecology continues to change and hydro climatic 

conditions continue to shift. Finally, health, as an outcome itself, can also feedback 

into the system. For example, illness often obliges households to modify or 

completely transform livelihood strategies (Bonds et al. , 2009; De Weerdt et al. , 

2011) and thus landscape patterns (Pichon, 1997a). 

This research proposes a new conceptual understanding of underlying drivers and 

systemic causes of illness and disease. Focus on socio-ecological aspects can 

highlight new avenues for primary prevention that are complementary to public 

health strategies already in place, and can guide ecosystem management practices -

which has proven useful in other contexts (Berkes et al. , 2000; Olsson et al. , 2004). 

This includes implementing strategies to reduce landscape change as well as the 

promotion of livelihood practices that conserve key ecosystem services that are 

implicated in health. Further, livelihoods and variables associated to decision-making 

processes (Figure 6.4) can help practitioners identify system dynamics related to 

social and gender inequalities. This is not only limited to classic socio-economic 

variables, but also the more nuanced elements, such as power relations and social 

norms, perceptions, and worldviews. 
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Figure 6.5 Relations of influence between landscapes, livelihoods, and ecosystem services that are of influence for 
Chagas disease ecoepidemiology and vector-based transmission. This figure expands upon Figure 6.4, with further detail 
on the ecosystem services of interest to this specific health issue and the addition of the primary exposure pathway at the 

bottom of the figure. Arrows represent influence among elements. 
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Figure 6.6 Relations of influence between landscapes, livelihoods, and ecosystem services that are of i_nfluence for 
mercury biogeochemistry and methylmercury exposure. This figure expands upon Figure 6.4, with further detail on the 

ecosystem services of interest to this specific health issue and the addition of the primary exposure pathway at the bottom 
of the figure. Arrows represent influence among elements. 
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6.4 The future of health and socio-ecological system in the Tapaj6s River 
region 

To further advance the thought experiment undertaken in this chapter, the proposed 

system representations (Figures 6.4 - 6.6) can also be of use for projecting future 

socio-ecological changes and population health. As an emerging economic super-

power of the Global South, Brazil is confronting increasingly connected globalized ' 

systems of trade and commerce, political instability and corruption, and international 

pressure to enforce environmental protection policies while ensuring growth of the 

resource-export economy. And these are but a few external socio-ecological 

influences (Figure 6.4) that are shaping the future trajectory of the Tapaj6s region. 

Plans for regional development are, for the most part, adhering to the long-standing 

models of economic development that target outcomes such as GDP growth while 

overlooking most social and ecological aspects (Hall, 2006). While a few, small-scale 

initiatives are working to conserve resources and promote sustainable resource-use 

(PLUPH, 2013), projects to pave roads, expand mechanized soy, and intensify 

commercial cattle production near Itaituba and Santarem (Figure 0.3 , Context 

section) are already in the works (Fearnside, 2005; Torres et al. , 2005), and the 

construction of the Sao Luiz hydroelectric dam is imminent. 

Given this trajectory, the frontier process will continue advancing, in all likelihood 

triggering transitions in livelihoods and landscapes in response to changing social and 

economic conditions (Context section, Figure 0.4). With these shifts, further decline 

in the region's key ecosystem services is likely (Lead et al. , 2005) and a concern for 

human health and well-being. Dam construction permanently alters the river's 

floodplain hydrology and aquatic ecology (Fearnside, 2015; Millikan, 2014), and 

large-scale, agro-businesses will further promote biodiversity loss, . soil quality 

abatement, and erosion and sedimentation. Above all, these development projects are 
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likely to exacerbate social inequity (Hall, 2006), as improved infrastructure, increased 

market accessibility, and new labor opportunities will disproportionately benefit the 

already powerful and wealthy actors (Abelvik-Lawson, 2014; Fearnside, 2015 ; 

Torres, 2005). 

It is in the conclusion of this thesis that I broaden the scope of the discussion, turning 

towards possible pathways for solutions, planning and future research in light of what 

has been presented above. . 
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CHAPTER VII 

CONCLUSIONS 

Complex socio-ecological interactions that shape livelihoods and landscape changes 

are increasingly understood to affect human health (Charron, 2011; Confalonieri et 

al., 2014; Myers et al. , 2009; Patz et al. , 2004). In fact, researchers are finding that 

health problems are sometimes compounding and interrelated, in that they emerge 

from common, underlying socio-ecological disturbances (Confalonieri et al., 2014; 

Ebi et al. , 2005; Myers et al. , 2009; Sutherst, 2004). This thesis contributes to the 

literature by proposing a novel approach based on livelihoods and landscapes to 

understand social and ecological aspects of mercury biogeochemistry and Chagas 

disease (American trypanosomiasis) epidemiology in the Tapaj6s River region of the 

Brazilian Amazon. 

The concepts of landscapes and livelihoods are ~mployed in this thesis as unifying 

and common threads, weaving together two health problems that are traditionally 

treated separately in research and practice (PLUPH, 2013). Chagas disease is often 

examined though the lens of vector-based epidemiology, whereby the movement of 

triatomines (insect vector) i?fected with Tcruzi (pathogen) is the primary focus. 

Mercury, on the other hand, is commonly conceived as a toxicological issue, with 

research focused on chemical changes ( e.g. , methylation), movement of the toxin 
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through different components of the ecosystem ( e.g., soils, water column, biota), and 

human exposure and illness. 

A socio-ecological perspective, using livelihoods and landscapes as integrating 

concepts, provides the opportunity for considering these two health issues in tandem. 

Doing so can guide adaptive management solutions that account for socio-ecological 

feedbacks and cross-scale interactions (Simonsen et al. , 2014 ). 

7.1 Socio-ecological feedbacks 

Livelihoods and landscapes are not only outcomes of socio-ecological processes; they 

can also feed back into the system and engender a cascade of ecological and social 

changes (Chapter 6) that are non-linear and often unpredictable (Cinner et al. , 2011 ; 

Lambin et al. , 2010; Osbahr et al. , 2008). For example, fire-use (linked to livelihood 

strategies) and forest fragmentation (a landscape pattern) generate microclimatic 

changes that, in turn, make vegetation more susceptible to fire (Nepstad et al. , 2001). 

Due to this positive feedback loop, spontaneous (natural) fires are more likely to 

occur and farmer's control over fire-use is reduced; this further perpetuates forest 

loss, degradation, and fragmentation (Laurance et al. , 2001c). 

Similarly, the use of short crop-fallow cycling is necessary for land-poor households 

to meet the on-going need to produce subsistence crops (Coomes et al. , 2011), but 

doing so rapidly depletes soil fertility and increases erosion (Kleinman et al. , 1995). 

As ecosystem services are degraded by high intensity crop rotations, the farmer's 

yields and cash returns are in turn reduced; consequently, the crop-fallow cycle must 

be shortened to keep up subsistence production levels. This is evidence of a self-
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reinforcing poverty trap (Barrett et al. , 2006; Coomes et al. , 2011) that is operational 

in the study communities, as described in Chapters 4 and 5. 

In the context of Chagas disease epidemiology and mercury biogeochemistry, short 

crop-fallow cycles, increased fire occurrence, and landscape fragmentation feedback 

into the system by triggering the proliferation of Atta/ea palm trees in high densities 

(Chapter 2) (Figure 6.5, Chapter 6) and promoting the release of mercury from soils 

and transporting the metal to the aquatic ecosystem (Chapter 1) (Figure 6.6, Chapter 

6). 

Health, as an outcome itself, can also feedback into the system. For example, illness 

often obliges households to modify or completely transform livelihood strategies 

(Bonds et al., 2009; De Weerdt et al., 2011) and thus landscape patterns (Pichon, 

1997a). The symptoms of Chagas disease and methylmercury exposure, such as 

fatigue, compromised motor skills, digestive troubles, etc., are potential pressures on 

livelihood choices. As such, future research and conceptual models could include 

health not only as an explicit outcome of socio-ecological interactions, but also as a 

dynamic variable that feeds back into the system itself (Berbes-Blazquez et al. , 2014). 

7.2 Cross-scale considerations 

Another crucial element in understanding complex human and environment 

interactions is the analysis of processes that operate on various scales (i.e. , spatial, 

temporal, institutional, or social network scales) and across levels with in a given 

scale ( e.g., between community and external actors in social networks, or local and 

global geographic limits) (Cash et al., 2006). 
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Indeed, the importance of scalar considerations is evident in this thesis. For example, 

Chapter 1 shows that local landscape change is driving the transpiration of mercury 

into lake sediments, however regional and global hydroclimatic cycling must be also 

be considered in order to understand mercury deposition. Chapter 1 not only 

highlights the relationships between two processes that operate on different levels on 

the spatial (geographic) scale, but also brings attention to processes operating at 

different levels on the temporal scale. Specially, landscape changes operate on a 

yearly time-step, while the hydromorphological changes ( e.g., lake-river connectivity 

that is also important for mercury movement) operate on decades or centuries scales -

depending on the ecology of the aquatic vegetation and the river chemistry (Chapter 

1 ). 

Other examples of cross-scale and multi-level dynamics abound with in the thesis, 

including in Chapter 4, where social network connections beyond the community 

were found to be crucial in determining livelihood options in the long-term. Regional 

market fluctuations that change seasonally were shown to influence local household 

production choices, which change from year to year (Chapter 5). In addition to 

feedbacks, such cross-scale/cross-level considerations allow the complex socio-

ecological relationships to be better understood, which can guide management and 

intervention strategies. 

7.3 Socio-ecological management for health 

Linked social and ecological process, system feedbacks, and cross-scale interactions 

are essential to furthering our understanding of health outcomes (Berbes-Blazquez et 

al. , 2014; Bunch et al. , 2011; Kay et al. , 1999). Accordingly, monitoring of socio-
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ecological dynamics, through ecosystem services and livelihoods and landscape 

change, can provide early warnings of disease and illness and guide preventative 

strategies based on the management of complexity (Cook et al. , 2004; Rapport et al. , 

1998). Yet, much research and action in the health, social and natural sciences 

remains largely sectorial and neglects these interrelated, complex dynamics (Adger et 

al. , 2005; Gallopin, 2006; Turner et al. , 2003 ; Webb et al. , 2010; Young et al. , 2006; 

Zurlini et al. , 2006). 

Recognizing that humans and the environment are inextricably linked (Berkes et al. , 

2002; Folke, 2006) opens new horizons for ecosystem management for health 

outcomes (Bunch et al. , 2011 ; Parkes et al. , 2010; Waltner-Toews et al. , 2005). Yet, 

few environmental management initiatives and health interventions of the last 

decades have met their objectives, sometimes further exacerbating the situation 

(Holling et al. , 1996; Waltner-Toews, 2000). Indeed, conventional models for 

intervention and scholarship continue to be based on single, linear, and controllable 

cause-effect pathways (Holling et al. , 1996; Waltner-Toews, 2000). As such, the 

resultant solutions tend to neglect feedbacks and interactions or they manage for only 

one component of the system, be it health, environmental or social; in tum, other 

components of the system lose resilience (Davidson, 2010). 

In response to increasingly complex problems and failed management approaches, 

there is promising theoretical and applied work based on socio-ecological systems 

(Berbes-Blazquez et al. , 2014; Berkes et al., 2002; Bunch et al. , 2011 ; Folke, 2006; 

Folke et al. , 2010; Jager, 2007 ; Miller et al., 2008; Parkes et al. , 2010; Walker et al. , 

2004; Waltner-Toews et al. , 2008). With in such a paradigm, conventional scientific 

methods are being modified, truth and quality criteria re-evaluated, and new 

conceptual frameworks developed (Gallopin et al. , 2001 ; Waltner-Toews, 2000). 

Further, these approaches work to overcome the human-nature dualism through the 

cross-fertilization of epistemologies across cultures and across academic disciplines 
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(Bradshaw et al. , 200 l ; Ludwig, 200 l ; Montuori, in press). They represent a new way 

of tacking problems faced by society; problems that are difficult to define and 

measure, characterized by ' radical uncertainty ', framed by conflicting stakeholders 

narratives, and that demand adaptive solutions (Brown et al. , 201 0; Funtowicz et al. , 

1994; Waltner-Toews, 2000). 

Socio-ecological approaches are keystone in pathways towards human health 

improvement, ecosystem service restoration and protection, and the building of fair 

and equitable societies (Chapin III et al. , 2009; Charron, 2011; Kay et al. , 1999; 

Waltner-Toews et al. , 2008). But tools and concepts are still needed that allow 

stakeholders to engage in iterative dialogues to generate knowledge and 

understanding of the socio-ecological system and to promote monitoring and adaptive 

management (Armitage et al. , 2009; Castleden et al. , 2011 ; Reed et al. , 2006; Stringer 

et al. , 2006). A first step is having sound socio-ecological indicators that researchers, 

communities, and governance institutions can examine and discuss. Livelihoods and 

landscapes can meet these criteria, as they are the result of socio-ecological 

interactions. 

Livelihoods and landscapes can be interpreted through ' expert ' and "community" 

perspectives alike, making them advantageous for the management and monitoring of 

health using a socio-ecological approach. They are observable at different scales, can 

be monitored and assessed with different data, and provide complementary 

information on the socio-ecological system. 

From an expert-led perspective, there is an added advantage to using landscapes and 

livelihoods. Being comprehensive indicators of socio-ecological dynamics, they 

afford complementary, yet distinct information on the system functioning. In this 

thesis, landscapes are analyzed through satellite imagery and other spatial data 
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sources, while livelihoods are understood through fine-scaled household survey and 

interview data. Such local-level data gives a precise understanding of socio-

ecological relationships. Yet, because much of the Amazon is remote and difficult-to-

access, collecting such data over large geographic regions is often a great logistical 

challenge. Spatial and remotely sensed data, such as satellite imagery, can be 

compiled and analyzed rapidly and from a distance. Moreover, temporal dynamics 

can be examined using standardized markers of change. 

From a community-based perspective, livelihoods and landscapes are observable and 

relatable characteristics of the socio-ecological system. Communities are already 

experts on the ways they make a living and use their resources, so participatory 

approaches that map the complex interactions, feedbacks and scalar relationships of 

livelihood practices can be a useful tool (Alliance, 2010). Mapping the relationships 

between livelihoods and health with various stakeholders can also highlight the 

sometimes radically different interpretations of the socio-ecological system and 

health priorities, both with in and between communities, as well as between 

communities, public decision-makers, and academics (Ber9ot, 2009). Valuing 

multiple stakeholder perspectives, multiple knowledge types and diverse desired 

management outcomes is a fundamental ingredient for pathways to equitable and 

adaptive management (Waltner-Toews et al. , 2008). 

While landscapes are taken to be an object that is analysed by trained ' experts' in this 

thesis, they can also be monitored from actors in local-level settings. Once again, 

communities are authorities on the land-use/land-cover types and dynamics on 

individual properties and with in the community. Although the landscape 

interpretations of communities and academics are likely to have very different frames 

of reference, vocabularies, and measurement standards, there is much room for shared 

interpretations and participatory monitoring. In addition to the obvious tracking of 

fire use, crop-fallow cycling, or deforestation and reforestation extents, Atta/ea palms 
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also present a unique, ground-level landscape indictor for socio-ecological and health 

monitoring. Atta/ea tend to persist in the landscape even following deforestation and 

often occur on degraded areas (Chapter 2). As such, they are visual and stable 

markers not only of the presence of the Chagas disease epidemiological system 

(Romafia et al. , 2003), but may also mark the presence of mercury biogeochemical 

cycling. In fact, Belanger (2012) found that mercury in the Tapaj6s region not only 

originates from pastures, but most probably areas where palms are present. 

Accordingly, a landscape-based tool offers opportunities for local, stakeholder-led 

ecosystem monitoring (Chapin III et al., 2009; Reed, 2008; Reed et al., 2006). 

Beyond Chagas disease and methylmercury exposure, the socio-ecological 

perspective taken in this thesis has the potential to inform the management of 

multiple health outcomes that emerge from common drivers. Other diseases of 

zoonotic, vector-borne, and infectious origin are also related to landscape change 

(Confalonieri et al. , 2014; Patz et al. , 2004; Uuemaa et al. , 2009), livelihood practices 

(Bates et al. , 2004; Hawkes et al., 2006), and external socio-ecological factors (Myers 

et al., 2009). These include malaria (Mboera et al. , 2013; Vittor et al. , 2009), 

leishmaniosis (Confalonieri et al., 2014), HIV (Bates et al., 2004; Cook et al. , 2004), 

among others. 

Finally, understanding the links between human health and socio-ecological 

dynamics is not only useful for detecting and managing emergent public health 

problems, but the surveillance of disease outbreaks and epidemics can also be useful 

for detecting extreme ecosystem degradation (Berbes-Blazquez et al. , 2014; Cook et 

al., 2004; Millennium Ecosystem Assessment, 2005; Parkes et al., 2005; Rapport et 

al., 1998). 
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ANNEX A 

LEXICON: CLARIFICATIONS OF TERMS USED 

Language and terminology can be contentious and have different meanings across 

disciplines, between languages, and between researchers and practitioners. Because 

this work was conducted from a cross-disciplinary perspective, it was deemed 

important to clarify the terms used in this thesis. The terms contained with in this 

supplementary section do indeed have multiple meanings, fit into various conceptual 

frameworks, and have diverse implications for research and practice. This section 

does not address all such divergent views and definitions (it is far beyond the scope 

of the present). Instead I define the terms as they are used in the present work. Where 

appropriate, references to works that give comprehensive reviews of the concept or 

term is provided. 
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A.l Definitions of selected terms 

Basin: the area of land that drains all the streams, rainfall and snowmelt to a common 

outlet such as a river, lake, mouth of a bay, reservoir, estuary, wetland, ocean; or any 

point along a stream channel. The basin includes all surface water (streams, lakes, 

etc.) as well as the underlying ground water that drain into the common outlet. The 

drainage basin is separated from adjacent basins by a water divide (see watershed 

definition). Drainage occurs in a hierarchical pattern, with smaller sub-basins 

combining into larger drainage basins. As such, larger basins contain many smaller 

basins. The term is used synonymously with catchment and watershed. 

Catchment: used synonymously with basin and watershed. 

Community: Fabricius et al. (2007) briefly review the term, and in the context of 

socio-ecological research they opt to define community as "a fairly small group of 

people who share a common place of residence and a set of institutions ... " 1n this 

thesis I build on this definition and consider the community to be a group of 

households with in a shared spatial extent. The communities participating in this 

study were defined (and identified) as part of a clearly bound and organized political 

unit that is recognized by the state. While many homes are clustered in close 

proximity to the community center proper - identified by the location of the school 

and the church(s) - some community members reside on their property, which is 

sometimes quite distant from the community center. As such, households were also 

asked which community they identified themselves as being from. 

Development: The term, as used in this thesis, refers to the western, neo-liberal 

model of economic development that posits that policy measures and actions taken to 
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increase productivity will then increase human well-being. The concept is contested 

and has probable negative implications for ecosystems and society (Barbier, 1987). 

Discipline: a social and cognitive unit of knowledge that is limited by a common set 

of research questions, methods and theoretical knowledge and is produced with in a 

scholarly setting (universities or other knowledge producing institutions) (Becker, 

2003). 

Ecosystem: " .. . a dynamic complex of plant, animal, and microorganism 

communities and the nonliving environment interacting as a functional unit. Humans 

are an integral part of ecosystems" (Millennium Ecosystem Assessment, 2005). 

Ecosystem services: were first defined as "the conditions and processes through 

which natural ecosystems, and the species that make them up, sustain and fulfill 

human life" (Daily, 1997). The Millennium Ecosystem Assessment (2005) defines 

them as the benefits people obtain from ecosystems, subdividing them into 

provisioning, regulating, supporting, and cultural services. This latter definition is 

recognizably anthropocentric, in that the ecosystems only have value because they 

contribute to human well-being, and as such neglects any intrinsic significance of the 

ecosystem in and of itself. This definition has been widely adopted and it is useful in 

that Assessment provides an easily applicable framework through which to monitor 

and evaluate ecosystem services. In the present work, the Assessment' s definition is 

used as a basis, as the overall object of this thesis (human health) is also 

anthropocentric. 

Health: According to the (WHO, 1948), health is "a state of complete physical, 

mental and social well-being". From this perspective, health is much more than the 

absence of illness or disease. While this broad definition is important and recognized, 
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with in this thesis, the term human health is use specifically to refer to ills engendered 

by mercury intoxication and Chagas disease. In cases where I want to refer to health 

in a manner that conforms more closely to the WHO's definition, I will opt for well-

being. 

Household: the group of people residing in the same home(s) that share and depend 

upon mutual resources - which in the case of the present study includes shared land 

or shared income. 

Integration: The process of relating and reshaping fragmented information, thus 

facilitating coordinated action and ordering of differentiated knowledge (Becker, 

2003) 

Interdisciplinary research: an integrative approach to research, whereby the 

problem is analysed conjointly with tools and methodologies from various different 

disciplines and using a concerted framework to produce a common result (Tress et al., 

2005). 

Land-Use/Land-Cover: "Land cover refers to the physical and biological cover over 

the surface of land, including water, vegetation, bare soil, and/or artificial 

structures. Land use is a more complicated term. Natural scientists define land use in 

terms of syndromes of human activities such as agriculture, forestry, and building 

construction that alter land surface processes including biogeochemistry, hydrology 

and biodiversity. Social scientists and land managers define land use more broadly to 

include the social and economic purposes and contexts for and with in which lands 

are managed ( or left unmanaged), such as subsistence versus commercial agriculture, 

rented vs. owned, or private vs. public land. While land cover may be observed 

directly in the field or by remote sensing, observations of land use and its changes 
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generally require the integration of natural and social scientific methods ( expert 

knowledge, interviews with land managers) to determine which human activities are 

occurring in different parts of the landscape, even when land cover appears to be the 

same. For example, areas covered by woody vegetation may represent an undisturbed 

natural shrub land, a forest preserve recovering from a frre (use = conservation), 

regrowth following tree harvest (forestry), a plantation of immature rubber trees 

(plantation agriculture), swidden agriculture plots that are in between periods of 

clearing for annual crop production, or an irrigated tea plantation" (Encyclopedia of 

the Earth, 2015) 

Multidisciplinary research: uses an approach that is · additive in structure, whereby 

research results are produced from individual disciplinary perspectives an9 are then 

added to a 'mixing pot ' for interpretation (Tress et al. , 2005). 

Public Health : "the art and science of preventing disease, prolonging life, and 

promoting physical and mental health, sanitation, personal hygiene, control of 

infection, and organization of health services through organized community action. It 

requires understanding not only of epidemiology, nutrition, and antiseptic practices 

but also of social science" (Encyclopedia Britannica, 2010). 

Scale: The spatial, temporal, quantitative, or analytical dimensions used to measure 

and study any phenomenon. With in each scale there are different levels, that is, the 

units of analysis that are located at different positions on a scale (Gibson et al., 2000). 

Two scales are most commonly analyzed: spatial (geographical) scale, which 

considers different environmental, geophysical, and ecological occurrences, and 

temporal scale, which considers the rates, durations and frequencies of phenomena in 

a given time frame (Cash et al. , 2006). However, other scales are also of interest, 

including juristidicational ( e.g., organized political units such as communities, 
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municipalities, states, etc.), knowledge, social networks, institutional (Cash et al. , 

2006). Others suggest that scalar analyses should consider the "scalar dimensions of 

practices, rather than practices occurring at different scales" (Cidell, 2006) 

Socio-ecological: the social-ecological concept is founded on the assertion that there 

are no "natural" systems (ecosystems) without humans and that social systems cannot 

and do not exist without nature. It recognizes that the social and ecological systems 

are interdependent, interconnected and co-evolve, and at the same time emphasizes 

that humans are one with and exist with in the ecosystem. 

Socio-ecological (system): The systems part of the socio-ecological term stresses the 

ways in which the social and ecological are related. Building on complexity theory, 

the socio-ecological system exhibits non-linear dynamics, feedback loops, scalar 

interactions, self-organization, adaptation/learning, multiple possible configurations 

(system states), and critical thresholds (Folke, 2006; Folke et al. , 2010; Gallopin, 

2006; Turner, 2013). Other terms have been used to describe a similar concept, such 

as human-natural systems and human-environment systems (Liu et al. , 2007; Turner 

et al. , 2003). Attention has been drawn to the potential problems of this particular 

way of thinking about nature and about humans, in that it is a largely technocratic and 

top-down, promotes normative "western" values, and coerces social phenomena to a 

cybernetic systems framework that cannot account fully for power and agency (Cote 

et al., 2011 ; Davidson, 2010; Turner, 2013). Nonetheless, the concept itself may also 

represent a paradigm shift in ways of thinking about the world, moving away 

reductionist and mechanistic views on nature, which can in tum have implications for 

the way humans interact with and use the environment. 

Sustainability: A normative concept for the valuation of actions, processes, systems 

and structures with respect to long-term reproduction and evolution of society and 
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nature. The concept is oriented toward preservation of life-support systems, 

intergenerational and international justice, as well as on quality of life 

Transdisciplinarity: a) a way of thinking that focuses on connections among fields 

of research to develop new concepts, methods and tools that are integrative and 

synthetic (Becker, 2003); b) as a research approach, it refer to the collaboration 

between scientific and non-scientific researchers and social actors (Hinkel, 2008) to 

deal with complex problems that have extra-scientific roots (Becker, 2003; Bouchard 

et al. , 2014). 

Vulnerable: a) exposed to the possibility of being attacked or harmed, either 

physically or emotionally (Cambridge English Dictionary, 2010) b) able to be easily 

physically, emotionally, or mentally hurt, influenced or attacked (Oxford English 

Dictionary, 2010). 

Vulnerability: the state of being vulnerable. The term has a wide range of 

applications in the context of socio-ecological systems and risk analysis (health, 

disaster), each with a distinct and nuanced conceptualization of the term. See (Eakin 

et al., 2006) 

Watershed: The divide that separates one drainage basin from another (see defmition 

for basin), also known as the water divide. The divide is delineated topographically, 

with geographical barriers such as a ridge, hill or mountain separating adjacent 

basins. The term, however, is often used synonymously with basin or catchment. 
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Well-being: Following the Millennium Ecosystem Assessment (2005), human well-

being is constituted of "the basic material for a good life, freedom and choice, health, 

good social relations, and security". 
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ANNEXB 

PHOTO IMAGERY TO ACCOMPANY LANDSCAPE INTERPRET ATON 

This supplementary section provides descriptions and photographs of the vegetation and 

land-cover types observed in the study region. The catagories are based on the author's 

ground-truth observations undertaken with the assitance of local community memebers, a 

botonist with expertise in vegetation of the Tapaj6s River region, and with other members 

of th PLUPH project. Most photographs are compiled from the author' s personal collection, 

although some were provided by Annie Beliveau and Marion Quartier ( other PLUPH 

members) when their photographs provided a clearer and more explanatory image. 
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Figure B.1 Mature upland forest: includes presence of lianas (Figure B.la and B.lb), large tropical trees 
(Figure B.lc) and few Attalea palm trees (Figure B.ld). This vegetation is common in upland areas (Terra Firme) 

that have not been considerably exploited by human activities. 
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Figure B.2 Mature igap6 (seasonally flooded forest): includes presence of large tropical trees that are suited to 
seasonal indundation (Figures B.2a and B.2c), presence of various species of palm trees (Figures B.2a and B.2d). 

a 

This type of vegetation is common in the riparian zones of the river, lakes and canals that have not been 
considerably exploited by human activities (Figure B.2b). 

C 

b 
d 
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Figure B.3 Secondary flooded forest sucession: includes low-lying seasonally inundated trees and shrubs 
typically found in areas that have have been exploited by human activities (consisting of the slashing and burning of 

mature igapo forests to increase access to areas or to clear areas for cattle grazing in the dry season). Evidence of 
burnt igapo forests is present in Figure B.3a and Figure B.3d. 

a b 

d 

C 
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Figure B.4 Macrophytes: Diverse species of aquatic plants found in seasonally inundated areas of lakes, canals 
and the riverbanks. Some species, such as the ones found in Figures B.4c and B.4d are grass-like, while other species 

are larger and leafy, for example in Figures B.4d and B.4e. 

a C e -~ 
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Figure B.5 Initial secondary succession of terra firme vegetation: includes low-lying shrubby plants, mixed 
with grasses and small trees that area present anywhere from 2 to 7 years following exploitation for agriculture or 

cattle grazing. These areas include presence of mature and juvenile Attalea palm trees (Figures B.Sb and B.Sc, 
respectively). 

a d 

C 

b e 
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Figure B.6 Advanced secondary succession of terra firme vegetation: includes both large and small trees in 
area that are anywhere from 8 to 30 years post-exploitation for agriculture or cattle grazing. These areas include 

presence of mature and juvenile Attalea palm trees (Figures B.6d and B.6e, respectively). Some very advanced 
secondary vegetation (over 25 years) exhibits liana growth (Figure B.6b). 
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Figure B.7 Grasslands: This includes areas with exposed soils and limited herbacious vegetative cover used 
primarily for cattle grazing, such as observed in Figure B.7a, as well as areas with more extensive cover (Figure 
B.7b). Attalea palm trees are present in these areas in low to medium densities (observable in Figures B.7c and 

B.7d) 

a C 

b d 
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Figure B.8 Shrubby grasslands: Areas of herbaceous vegetation mixed with presence of shrubs and small 
trees. Attalea palm trees are present in these areas in low to medium densities (Figures B.8b and B.8c) 

a b C 



366 

Figure B.9 

a 

Dense palm clusters: These clusters of palms exist in various landscape areas, including low-lying 
herbaceous vegetation (Figure B.9a) or in secondary successional growth (Figure B.9b) 

b 
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Figure B.10 Exposed soils: existent in areas that are highly eroded due to exploitation (Figure B.lOa), in newly 
slashed-and-burned areas (Figure B.lOb) or near and around communities/houses (Figure B.lOc). 

a 

C 

b 





ANNEXC 

SUPPLEMENTA_RY INFORMATION: DEVELOPMENT OF THE GEOGRAPHIC 
ACCESSIBILITY (AG) AND ACCESS TO INFORMATION (AI) IND I CA TORS 

Herein, supplementary information is provided on the development of two of the 

indicators used in Chapters 4 and 5: geographic accessibility (AG) and access to 

information (Al). A detailed description of the indicators was beyond the scope of the 

chapters. The development of the AG indicators involved building an equation; as 

such, it is important to reveal the logic underlying the relationships among equation 

variables and to provide examples of variable behavior. The development of the AI 

indicators involved social network analysis; as such, interpretation of these indicators 

requires some knowledge of the equations and logic used by standard social network 

analysis software. 
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C.1 Development of the AG indicator 

The geographic accessibility (AG) of a natural resource (x), which includes fish 

resources, agricultural resources and forest resources, is calculated with the following 

equation (as indicated in Table 1, Chapter 4): 

AG _x = Dx-'· (Sx· Tx) 

AG is considered to be a function of the travel distance required to get to the source 

material (D), the stock or availability of the natural resource (S), as well the 

individual 's ability to extract and use the resource. The latter variable is based on the 

skill-set and knowledge that individual has for a given resource, x. We use the 

allocation of time to a given resource use activity (T) as a proxy. 

We postulate that distance (D) maintains a decaying exponential relationship with 

accessibility. This is based on the assumption that the longer an individual must travel 

to reach a resource, the lower the accessibility - but this this will never actually reach 

zero. We apply the power of -1 to describe the decay function. D is measured as the 

distance in kilometers to a given used resource. 

The stock (S) variable is applied as a multiplier, under the assumption that a highly 

abundant resource will always equate to a higher accessibility potential. However, if 

the stock is at zero ( e.g. , there are no fish in the river), then accessibility will also be 

zero. S varies according to the resource, x, in question. This variable is further 

explained in Table 4.1 , Chapter 4. 
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The time (T) variable is applied as a multiplier in a similar fashion. We assume that 

the more time an individual spends extracting a given resource, the more knowledge 

about the resource they have. As such, accessibility to the resource will be higher. 

However, if an individual does not spend any time using the resource, then the 

accessibility will be zero. T is measured as the portion of time spent in a given 

activity, ranging from Oto 1. 

Figures C. l and C.2 graphically demonstrate how AG varies as a function of Time, 

Stock and Distanpe variables (T, S, D), using the cases of forest resources 

(AG_Forest) and fish resources (AG_Fish). Variables for agriculture resources 

(AG_Agri) behave in a similar fashion to AG_Forest, because the stock variable is 

calculated in the same way (based on land-use/land-cover data). The stock variable 

for AG_Fish, however, is calculated based on the type of waterbody in question. That 

is, the river and lakes are assumed to have a higher fish stocks than streams and 

ponds. This is further described and justified in Table 4.1 , Chapter 4. 
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Figure C.1 
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Geographic accessibility of fish resources (AG_Fish) indicator plotted against the Distance (D), Times 
(T) and Stock (S) variables. 
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C.2 Development of Access to information (AI) Indications 

Indices for information accessibility (AI) are based on a potential to obtain local-level 

information, building on the premise that individuals who are engaged in activities 

that involve discussions of livelihoods and natural resource management are more 

likely to know about opportunities for change, new practices and alternative options. 

Such exchanges of information through social networks is considered an essential 

aspect of community-based resource management (Beilin et al., 2013 ; Bodin et al., 

2009) and has been conceptualized to be part of the broader "social capital" - a term 

that has be applied to describe a multifaceted and complex concept (Borgatti et al. , 

2003; Pelling et al. , 2005; Pretty et al., 2001; Putnam, 1993). In this study, we include 

indicators that are fairly standard in livelihood assets analyses (IISD et al. , 2007), 

including participation in projects and formal institutional activities (AI _Proj, 

AI_Chur, AI_Asso). 

We use social network analysis to generate additional and more robust indicators of 

information access in the communities. Social networks are complex systems; they 

are observable and measurable phenomen~ that can be analyzed using social network 

analysis (Scott, 2012). 

Using nomenclature from social network analysis, networks can be described as sets 

of nodes, which, in the present study, represent individual actors; although they can 

also represent other entities, such as a group or organization. Nodes are linked by ties, 

which indicate some type or form of interaction between nodes, such as exchanges of 

material goods or information. Two nodes that are connected to each other through 

the network are termed a dyad - the basic unit of analysis in social network analysis. 

Network data can be collected through any number of techniques, such as household 

questionnaires, focus groups, and key-informant interviews. 
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Using powerful software and graph theory, networks can be modeled, visually 

mapped, and their topology characterized through the measurement of structural and 

connective attributes. The data collection tools and the metrics are chosen based on 

the objective (Scott, 2012). 

In the present study, we are interested in the structure of the social network and the 

actor's role with in that network. Given this, a commonly used metric is centrality 

(C), which numerically describes how a node is connected to its neighbors 

(Wasserman et al., 1994). The use of this metric is based on the postulation that the 

more central an actor, the more active they will be in the network and the more 

_control they will have over interactions between other neighboring nodes in the 

network. Metrics, such as centrality can be calculated using UCINET (Borgatti et al., 

2002), a social network analysis program. Metrics may reflect the relationships of 

individual node ( ego network) or those of the entire set of relationships ( complete 

network). 

In the present study, individual, actor-based metrics are of interest, given that the 

objectives are to examine individual level adaptations, livelihoods, and types of 

access. While there are many centrality metrics for ego networks (Freeman, 1979), 

we choose to use the most commonly used metric, Degree centrality (Cd), chosen for 

ease of comparison with the literature. This is a measure of the number of ties of a 

given node (ni) relative to the total number of ties in the entire network: 

Cd.= y;(n;) 
' (N -1) 

Where yi(ni) denotes the total number of ties to ni and N-1 represents the total number 

of nodes (size) of the network, less the node of interest, ni 
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ANNEXD 

HOUSEHOLD AND INDIVIDUAL QUESTIONAIRES AND OPEN-ENDED 
INTERVIEW GUIDE 

Future research projects may find it of practical interest to refer to the original 

questionnaires and interview questions used to collect the data for this thesis, be it for 

comparative purposes, for longitudinal research endeavours, or to build on our survey 

structure and design. Individual and household questionnaires were developed in 

collaboration with Leandra Fatorelli, Annie Beliveau, and Stephane Tremblay and carried 

out with members of the four participating communities. Firstly, the long-form survey 

conducted in 2011 is presented. This questionnaire was carried out with all community 

members under the age of 15 (see Chapters 4 and 5, methodology for justification and 

further details). Following this, a much shorter questionnaire was applied in 2012, to 

compliment data collected in 2011 (Chapter 5). Finally, I include the guide used to orient 

the open-ended interviews on life-histories (Chapter 3). 
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D.1 Long form questionnaire 

INTEGRADO - SOLTEIRO 

Questionario PLUPH Social 2011 - Comunidade: 
IOI: I Se sem IOI, criar aqui: 

Nome Entrevistado: \Apelido: 

Entrevistador: I Data: 

Coordenadas Casa: 
UTM X 
UTM y 

1. DADOS SOCIO-DEMOGRAFICOS 

1.1. Familia, Composic;ao (Confirmar;ao dos membros; S significa sim e N significa Nao. Preencher antes de fazer a entrevista e confirmar com 
a dona/dona da casa) (Mulher) (A famflia significa todas as pessoas que moram na mesma casa) 

Nome+ IOI Sexo (M/F) Ano de Nase. Frequenta a escola? 
(S/N) 

1 



2 
2. MO DOS DE VIDA E EM PRE GO: 
ATIVIDADES GERAIS 
MET0DOL0GIA DAS SEMENTES (ou PEDRAS) (Seriio distribuidas 20 sementes de feijiio e uma gravura com as atividades abaixo descritas. 0 entrevistado devera 
distribuir os feijoes (somente os 20) nas atividades colocando mais feijoes nas atividades que tomam mais tempo na sua vida nonnal. 0 entrevistador devera 
colocar o numero de feijoes correspondentes em cada atividade na gravura). 
- Explicar que trabalho remunerado e aquele em que o trabalhador recebe um salario (em dinheiro) . 
- Trabalho locale aquele em que a pessoa pode voltar pra dormir todos os dias em sua casa na comunidade. 
- Trabalho migrat6rio e todo trabalho em que a pessoa niio tern condir;oes de voltar para donnir em sua pr6pria casa na comunidade. 

2.1. Quanto TEMPO voe£ passa fazendo essas atividades? (individual) (Se niio realiza a atividade, preencher com zero) 

Cuidar da casa 

Pecuaria 

Pesca 

Outro, qual: 

Cuidar do quintal 

Trabalho remunerado (migrat6rio) 

Ca~ 

Agricultura 

Trabalho remunerado {local) 

Coleta de produtos na mata 

379 
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EMPREGOS E REN DA NA COMUNIDADE (MULHER) 

2.2. A renda da familia e formada per empregos 

D Locais (na comunidade) Se local, va para a questao 2.3 . 

D Migrat6rio (fora da comunidade per um longo tempo/se precisa mudar) Se migrat6rio, va para a questao 2.7 

SE LOCAL 

2.3. No ultimo ano, a renda da familia foi formada per quais atividades? 
2.4 . Qual e a renda dessas atividades/quanto ganha por ano/mes? 
2.5. Desde quando a familia trabalha nessa atividade? 
2.6. Voci! vai sempre, de vez em quando, ou e um bico? 

2.3. Tipo de emprego 

o comercio 

0 professor 

0 servidor publico (agente de saude, 
barco, etc.): 

0 Outro: 

D Aposentado 

0 pescador 

Se pescador, recebe auxilio 
desemprego na epoca do defeso? 

Sim D Nao D 

2.4. Salario/Renda 
R$/ml!s 

2.5. Desde quando 
ano· 

2.6. Frequencia 

3 



SE MIGRAT6RIO (FORA DA COMUNIDADE) 

2.7. No ultimo ano, a renda da familia foi formada por quais atividades? 
2.8. Qua I ea renda dessas atividades/quanto ganha por mes (ou semana)? (especificar se o valor dec/arado e por mes ou por semana) 
2.9. Qua I a freqiiencia de trabalho para cada atividade? (A freqiiencia devera ser escrila juntamente com a unidade) 
2.10. O membro da Familia sempre trabalha nesse periodo, com essa freqiiencia? 
2. 11. Onde e o local de trabalho? 
2.12. Desde quando a famllia trabalha nessa atividade? 

2.7. Tipo de emprego 

Minera9ao 

Madeireiras 

Cidade (comercio, 
constru9ao) 

Outro: 

2.8. Salario/Renda 
(R$/mes) 2.9. Freqiiencia 

2.13. A familia recebe algum apoio de um parente na cidade? 

Se sim, no ultimo ano, quanto recebeu? 

2.10. t sempre assim? 

Sim Nao 
Se nao, que frequencia e 
normal: 

Sim Nao 
Se nao, que frequencia e 
normal: 

Sim Nao 
Se nao, que frequencia e 
normal: 

Sim Nao 
Se nao, que frequencia e 
normal: 

Sim Nao 

2.11 . Onde trabalha? 2.12. Desde 
quando (ano) 

4 
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3. AssOCIATIVISMO (individual) 

3.1. Voce participa de Alguma Associa~ao, Grupo, Conselho? Sim 0 Nao o 

3.2 Se Sim, Qual{is)? 

3.5. Voce frequenta alguma lgreja? SIM o 
3.6. Qual? 
(Caso seja evangelica, escrever o nome da igreja) 

Cat6lica O 

Qual? 

Adventista 0 
Outras 0 
Qual? 

3.3 Qual ea sua participa~o? 3.4 Como ea sua participa~o nas reuni6es? 
Membro/Associado (A) Todas (T); a maioria (M); algumas (A); 
Cargo Formal (F) Nenhuma (N) 

NAO O (individual) 

3.7. Com que frequencia voce vai a igreja? 

O menos de 1 vez por mes 

0 mais de 1 vez por mes 

0 1 vez por semana 

0 mais de 1 vez por semana 



6 

4 . PROPRIEDADE RURAL (HOMEM)) 

4.1. A fam illa tern um lote? Sim D Nao D 
(o tote significa a propriedade rural comp/eta, com a area de plantio, casa, mata, capoeira) . (A fam,1ia significa todas as pessoas que moram na mesma casa; 
e Lote principal signlfica o tote mais usado) (1 hectare = 4 tarefas) 

4.2 . Quantos lotes tern? 

DET ALHES DOS LOTES lote principal 

4.3. Quale o tamanho? (co/ocar a 
unidade) 

4.4. Ha quantos anos voci!s ocupam o 
lote? 

4.5. Em que ano voce comeeou a rocar o 
lote? 

4.6. Se as lotes sao terra pr6pria, como e Sem titulo 
o tftulo das propriedades? Definitive, em seu name 

Definitive em name de algum familiar 

Com titulo em name outro 0 

name: 
Tltulo recebido por meio de compra dado 
pelo anligo dono 
name antigo dona: 

Outro 

4 . 7. Se tern tftulo, em ano que foi 
emitido? 

4.8. Onde flea o lote (nome da 
comunidade/cidade)? 

4.9. A famllia usa a terra dos outros para cultivo ou pastagem? 

4.10. Se sim, a terra e de quern (colocar nome +/DI)? 

4. 11. Qual e a sua rela~ao com esta pessoa? 

outro 

Semlitulo 
Definitive, em seu name 0 

Definitive em name de algum familiar 

Com titulo em name outro 

name: • 
Tltulo recebido por meio de compra dado 
pelo antigo dona 

name antigo dona: 

Outro 

4 .12. E o que voce da em troca por poder usar a terra do outro/ou qual e o acordo de voces? 

outro 

Semtitulo 
Definitive, ern seu name 0 

Definitive em nome de algum familiar 
Com litulo em nome outro 
name: 
T ftulo recebido por meio de compra dado 
pelo antigo dono 
name antigo dona: 

Outro 
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5. DESCRICAO DO LOTE PRINCIPAL DA FAMILIA (HOMEM) 

Desenho do late principal da familla com distribui,;ao espacial dos diferentes modos de utiliza,;ao atual, os elementos 
seguintes devem ser abordados. (Pode dar uma pagina branca ao agricultor para que ele desenhe ou o entrevistador pode 
desenhar com os indicar;oes do agricultor) 

5.1. Tipos de uso (ror;a, capoeira, pastagem, mala) e idade de cada tipo. ldentificar a ro,;a atual da famflia . 
5.2. Tamanho dos tipos de utiliza,;ao (unidades: ha, /inhas, brar;os) 
5.3. Tipo de solos (escrever em gera/ o tipo de solo - arenoso, barro vennelholterra roxa, barro amare/o, terra preta 
associado com cada uso) 

5.4 Outras informaeoes gerais do Iota: casa, cria,;aode ~nimais, estrada, rio,Jago, igarape, casa d_E! farinha 

5.6. Em geral, quais sao as razoes pelas quais voci! decidiu de cultivar aqui (referente ao desenho feito) e niio em outro 
lugar em seu late? (nesta questiio as respostas niio deveriio ser citadas ao entrevistado). 

tipo de terra declive distancia da casa problema com vizinhos/animais 
idade da mata: capoeirinha capoeirao mata bruta outro: 

INSTRU<;OES DO DESENHO 

Os tipos de uso deverao ser escritos no desenho; 
As seguintes legendas deverao ser utilizadas no desenho: 

1) Ro,;a atual • 
2) Escrever os Tipos de Solos: 

Solo arenoso Barro vermelho/terra roxa 

Barro amarelo Terra preta 

3) lndicar o name dos vizinhos (esquerda, direita, frente e atraz) 

7 
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6. PRODU<:AO AGRICOLA FAMILIAR (HOMEM) 

Gostaria de saber mais sabre a prodU(;ao da familia. E s6 ro~ado ou a familia produze alga tambem no quintal? SIM NAO 
6.1. Qual a quantidade de cada produto a familia tern produzido desde o comeyo da ultima esta930 da chuva? Nao essa estayao de chuva de agora (que iniciou em ouVNov 2010), 
mas a anterior? (familia signifies todas as pessoas que moram na mesma casa). 
6.2. Sempre produz essa mesma quantidade? Se nao, como ea sua produc;ao normalmente? 
(Compfetar a tabela para cada tote, mesmo se a famifia usa o fate de outra pessoa para ~ar, referir as respostas das perguntas 4. 1. e 4. 10.) 
(A ··-·-· ·---- -- ._ .. ___ -- - , ·· - · - - - - - -- , 

6.1. Quantidade Droduzlda 
Nome da variedade Lote 1 Lote 2(ou lote Lote 3 (ou lote 6.2. E sempre assim/e comum? 

(Princioall de outro\ de outrol 

~i"oz Sim Nao 
Se nao, que quantidade produz em geral: 

2) 

Mandioca (maniva) s · N-1l m 
2) Se nao, que quantidade produz em geral: 

2) Se nilo. que quantidade produz em geral: 

~ ilho Sim Nao 

2) Se nilo, que quantidade produz em geral: 

Feijao 
1) 
2) 

Se nilo, que quantidade produz em geral: 
3) 

Banana (em cachos) 

11 
2) Se nao, que quantidade produz em geral: 

3) 

Outro Se nao, que quantidade produz em geral: 

Outro 

9 



6.3. Do total produzido, quanto foi vendido desde o come90 da ultima estac,ao da chuva? Nao essa esta91io de chuva de agora (que iniciou em ouUNov 2010), 
mas a anterior? 

6.4 Qual o valor total arrecadado para cada produto em todo ano? (E a soma das vendas feitas para a quantidade total vendida). 
6.5. A maior parte dos produtos, onde a familia vende? 
6.6. A maioria do tempo, e por que meio? (lnsistir em verificar sea venda e direta mesmo. As vezes o agricultor fa/a que e direto, mas vende por meio de 
etravessador mas niio menciona). 

6.3. Quantidade 6.4. Valor total arrecadado com a venda 6.5. A maior parte, onde vende 6.6. A maioria do tempo, por que 
vendida no ano (R$) meio 

Cidade Qual: Atravessador (barco) 

Arroz Na comunidade mesmo Atravessador (estrada) 
Outra comunidade 
Qual : 

Cidade Qual: Atravessador (barco) 

Mandioca Na comunidade mesmo Atravessador (estrada) 
Outra comunidade 
Qual: 

Cidade Qual: Atravessador (barco) 

Farinha Na comunidade mesmo Atravessador (estrada) 
Outra comunidade 
Qual : Direto 

Cidade Qual: Atravessador (barco) 

Milho Na comunidade mesmo Atravessador (estrada) 
Outra comunidade 
Qual: Direto 

Cidade Qual: Atravessador (barco) 

Feij1io Na comunidade mesmo Atravessador (estrada) 
Outra comunidade 
Qual : 

387 

10 



0 
C: a 

ooz () 
C: C: Q) a: 
~iii 8 Q) a. 

8 3 (I) 

C: D 3 ::, 
C: a: D ::, Q) C: a:a. 
Q) (I) 

g-
3 
0 
D 

CD 
Q) 
::, 
Q) 
::, 
Q) 

ooz 
C: C: Q) 

~@g 
0 3 
0 C: 3::, 
C: a: 
::, Q) a: a. 
Q) (I) 

g-
3 
0 
D 

() 
a: 
Q) 
a. 
(I) 

D 
D 
C: 

w 
00 
00 



6. Produ1,ao agricola familiar e rela1,ao com o consumo (Mulher) 
A familia faz agricultura? Sim D Nao E s6 roi,ado ou a familia produze algo tambem no quintal? Sim D Nao D 

Dos produtos produzidos pela familia (referir a tabela anterior): 
6.7. Que quantidade de cada produto voce acredita ter comprado para o consumo em familla desde o come~ da tlltima esta~o da chuva? Nao essa 
esta~o de chuva de agora (que iniciou em ouVNov 2010), mas a anterior? 
6.8. Qual o valor pago para a quanlidade comprada de cada produto? 
(SEMPRE ESCREVER A UN/DADE) 

Produto 6.7.Quantidade comprada para 6.8. Preco (R$)/unidade 
consumo familiar 

Arroz 

Farinha 

Milho 

Feijao 

Banana 

Outro 

Outro 

Outro 

389 
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6. Quantidade comprada para produzir HoMEN 

Dos produtos produzidos que voce ja mencionou (referir a tabela anterior): 
6.9. Que quantidade de cada produto voce acredita ter comprado para produzir em familia desde o come90 da umma esta9ao da chuva? Nao essa esta9ao 
de chuva de agora (que iniciou em out/Nov 2010), mas a anterior? 
6.10. Qua! o va lor de compra de cada um dos produtos? 

6.9.Quantidade comprada para 6.10. Pre90 da compra (R$/unid) produzir (para olantar) 
Arroz 

Macaxeira 

Farinha 

Milho 

Feijiio 

Banana 

Outro 

Outro 

13 



7. Trabalho na roc;a (Seo trabalho principal do entrevistado NAO FOR agricultura. ir para a guestao 10.): 
7.1. Para finalizar um trabalho completo na roca, quantos dias demora normalmente para 

7.2. Quantas pessoas ajudam voce para cada uma das atividades?(Homem) 

(Se nao realiza alguma das etapas abaixo, colocar zero nas 3 colunas) 

I Dias de trabalho I Dias (n°) para o dono 

Brocar e derrubar a capoeira ou mata e queima 

Adubar 

Plantar 

Capinar 

Colher 

Processar, transformar 

(colocar a unidade da 
area, coma linha p.e. 

? (nomear cada etapa na tabela) (Homem) 

Dias (n°) com 
ajudante 

Ajudantes (n°) 

14 

7.3. Lembra quern trabalhou (troca de trabalho e trabalho remunerado) na roca da familia no ultimo ano (au seja, desde a comeco da ultima estacao da chuva? Nao 
essa estacaa de chuva de agora (que iniciou em out/Nov 2010), mas a anterior? (Homem) 

Quern? (Nome au apelido + IOI) 
Vizinho (V), Parente (P), Empregado (E), Amigo (A) 

Esta pessoa sempre trabalhou com voce? Ou foi 
somente uma vez? 

Meio de pagamento 
Pagamento R$ (P) ou 

Troca de Diaria {D 

391 



392 

7.4. Lembra quern trabalhou (troca de trabalho e trabalho remunerado) com a famllia para fazer farinha no ultimo ano (ou seja, desde o infcio da ultima esta9ao de 
chuva)? (Homem) 

Quern? (Nome ou apelido + IOI) 
Vizinho (V), Parente (P), Empregado (E), Amigo (A) 

Esta pessoa sempre trabalhou com voce? Ou foi 
somente uma vez? 

Meio de pagamento 
Pagamento R$ (P) ou 

Troca de Diaria (D 

15 
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8. FERRAMENTAS, PRATICAS E Ml:TODOS DE TRABALHO (Homem) 

8.1. Quais equipamentos (mecanizados) S/N 8.2. Ha quantos 8.3. E sua 8.4. Ede quern (Nome ou apelido + IDI) (especificar tambem se + de 
vocis (na famllia) utilizam no roc,ado? anos usa? (S/N)? uma pessoa) 

Motosserra 

Roc,adeira (a gasolina) 

Outro: 

Outro: 

8.5. VocA utiliza fogo para fazer seu ro1,ado? Sim 

8.9. Que quantidade comprou desde o 8.6. 0 que vocis fazem para manter a forc,a S/N 8.7. Ha quantos 8.8 Que produto usa? infcio da ultima estacao da chuva? do solo? anos usa? (cofocar a unidade se Kg, sacos, fitros . .) 

Fertilizantes qufmicos 

Outra tecnica : 

8.10. O que vocis fazem para controlar as 
8.11. Ha quantos 8.13. Que quantidade comprou desde o pragas? (insistir para que o entrevistado fate S/N 8.12. Que produto usa? inicio da ultima estacao da chuva? de outra tecnica que efe possa usar para anos usa? (cofocar a unidade se Kg, sacos, litros .. ) diminuir ou acabar com pragas) 

lnseticidas, fungicidas, pesticidas qu fmicas 

Outra tecnica : 
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9. EXPERIMENTA<;:OES E MUDAN<;:AS AGRICOLAS (INDIVIDUAL) 

(Seo trabalho principal do entrevistado NAO FOR agricultura, ir para a guestao 10.): 

9.1. Voce ja fez algo diferente no seu ro,;ado ou sempre faz da mesma maneira? (o entrevistador devera falar de cada opc;ao de praticas ao entrevistado para 
as questoes 9.5 a 9.8): 

Praticas 9.1. Ja 9.2. Se 9.3. Descric;ao do que foi feito e resultados 9.4.continua 9.5. Se nao, Por que ? 
experimentou? nao, ainda hoje 

gostaria 
de fazer? 

Plantar mandioca, arroz, feijao ou 
milho em conjunto com arvores ou 
outros tipo de plantas (por exemplo, 
mandioca entre diferente tipo de Sesim, 
arvores)? Quando? 

Trocar plantas que voci! usa 
habitualmente para novas 
variedades (ex : feijao de leite, etc). 

Sesim , 
Quando? 

Organizar seu r0yado (Plantar em 
/inhas, com menor espa~amento 
entre plantas, com cuttivos 
altemados .. .) Sesim, 

Quando? 

Adubar o solo com plantas (p.e. 
plantar /eguminosas e deixar partes 
da planla no solo) 

Se sim, 
Quando? 



9.6. Voce fez alguma outra coisa nova, diferente na sua maneira de roi,ar ou produzir nos ultimos anos? Sim Nao 
(caso o comunitario far;a referencia ao projeto PLUPH, explicar que nao necessariamente as formas de cuftivar do projeto mas perguntar de quafquer 
mudani,a que e/es fizeram, qua/quer coisa diferente que e/es fizeram) . 

18 

(Nesta questao, nao aceitar o primeiro nao como resposta, expficar a pergunta e insistir com o entrevistado perguntando:-Mas voce nao mudou nada na sua 
ror;a? Nao fez nada de diferente, sempre faz tudo iguaf todos os anos?) 

Pratica 9.7. Descriyao do que foi 9.8. continua ainda hoje 9.9. Se nao continua, por 
feito e resultados que? 

9.10. E de onde veio estas ideias de fazer algo diferente na reva ou no quintal? (Se o comunitario citar o nome de afguem, colocar o IOI ou referencia da 
pessoa) 

9.11 . Se voe~ nao fez nada diferente, por que nao fez? 

395 
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10.TROCAS DE SEMENTES, MUDAS, E PLANTAS (GERAIS E TAMBEM MEDICINAIS) (INDIVIDUAL) 

10.1. De quern buscou e obteve mudas, sementes ou plantas de remedio (plantas medicinais) agui na comunldade? 
(A pergunta deve ter uma cadencia de conversa, come,ando com de quern buscou e listar as plantas e todas as demais questoes associadas, isto e, deve completar 
toda a Jin ha para aquela pessoa citada. E por que voce escolhe ele pra le fomecer essas plantas e nao oulra pessoa na comunidade? E como e o acordo enlre 
voces? Ela le da a planta ou Voce da a/go em troca?) 
10.2. Qua is plantas buscou? (especificar o tipo, p.e., mandioca - preta, feijao - de leile)? 
10.3. Sempre quando precisa, busca essa planta com essa pessoa? (essa questao e para identificar sea pessoa citada ea principal fonte de fornecimento de 
sementes/mudas/plantas para a pessoa entrevistada. ou se e somente pontual}. 
10.4. Por que buscou com essa pessoa? 
10.5. Por que meio obteve? Dado (D), Compra (C) 

10.1. De quern 10.2. Quais plantas (variedade)? 
10.3. Sempre quando vore precisa 10.4. Por que buscou com essa pessoa 

buscou? destas plantas, pega com essa mesma 10.5. Por 

(nome/apelido+ 1D1) pessoa? ou foi s6 uma vez? 
e niio com outra? que meio? 
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10.6 Voc/3 ja buscou mudas e/ou sementes fora dagui da comunidade? N>.o D 
10.7. Qua is plantas buscou? (quais plantas deve ser descrita a variedade. Nao somente feijiio, mas p.a. feijiio de leite; 
10.8. De quern voc/3 buscou essas plantas? De onde ea pessoa de quern buscou? (de quern buscou pode ser pessoa de outra comunidade ou um projeto, 
institui9iio, programa) · 
10.9. SEMPRE QUANDO voe£ PRECISA DESTAS PLANTAS, PEGA COM ESSA MESMA PESSOA? Ou FOi so UMA VEZ? {pessoa/projeto/institui9ao ... )? 
10.10. Deu algo em troca? Se sim, o que? Dado {D), Compra {C) 

10.9. Sempre quando voce 
10.7. Quais plantas 10.6. De quern buscou? {nome/apelido+ 10.8.Nome da comunidade ou precisa destas plantas, pega 

!DI) (variedad)? da lnstitui9ao/projeto/programa com essa mesma pessoa? Ou 
foi s6 uma vez? 

10.10. Deu algo em 
troca {SIN)? O 

que? 
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11 . CRIA<;AO DE ANIMAIS (HOMEM) 

11 .1. A familia tern gado (Se nao, vai para 11.5)? 11.2. Quantas cabei;as tern (a familia, seja o total dos gados de todos que moram na mesma casa)? 

11.3. Qual e o motivo mais importante pra familia criar gado? (pergunta aberta, nao dar as respostas. 0 ajudante devera marcar em funr;ao da resposta 
aberta). 

Consumo de came Poupan<;a Outro: 

11.4. Se vende, quanta (R$) ganhou no ultimo ano com a venda de gado? 

11.5. Cria outros tipos de animais? (sea famflia nao tem nenhum animal, ou para os animals que nao tem, preencher com zero) (HOMEM) 

11 .5. Quais? 11 .6. A famllia tern 
quantos? 

Ave 

Porco 

Outro: 

11.7. Vendeu 
no ultimo ano? 

(S/N) 
11 .5. Quais? 

Cavalo 

Cabra 

Outro: 

11 .6. A famflia tern 
quantos? 

11.7. Vendeu 
no ultimo ano? 

(S/N) 
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12. CREDITO PARA PRODU<;AO, SUPORTE TECNICO E CAPACITA<;AO (HOMEN) 

A familia ja pediu um apoio financeiro ou de outro tipo para realizar sua produi,ao agrlcola? 

12.1 . Pediu? (A) Sim, pedido do agricultor ou da comunidade/associai,ao (B) Sim, mas iniciativa da prefeitura, ater, ou outra instituii,ao 

l2_2_-~Se nao, descreve por que jamais pediu. 

12.3. Qual foi o tipo de apoio financeiro? (1) Credito Agricola (2) Emprestimo Pessoa! 

12.4. E voce recebeu (SIN)? 
12.5. Se nao, Por que nao recebeu? 
12.6. De que instituic;ao foi emitido o apoio financeiro? (FONTE, P.E., BANCO) 
12.7. Qual o nome do programa/projeto de onde pediu o apoio financeiro? 
12.8. Se recebeu, quando recebeu? E se pediu e nao recebeu, quando pediu? 
12.9. De quanta foi o apoio financeiro? (Pode ser em dinheiro ou material) 

(MESMO QUE A RESPOSTA SEJA NAO, A TABELA DEVERA SER COMPLETADA) 

12.1 
Pediu? 

12.2. 
Se ni!o, 

? 

12.3. 
npos 

12.4. 
Recebeu 

12.5. Se nao, por que? 12.6. De que instituii;ao foi 
emitido 

(3) lncentivos (projetos/programas) 

12.7. De qual 
programa/projeto 

12.8. Quando? 
(ano) 

(4) Outros 

12.9. Quanta (R$, ou 
material)? 

399 
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12. SUPORTE TECNICO E CAPACITAc;AO (HOMEN E MULHER) 

A familia ja pediu algum tipo de Suporte Tecnico para roc;:ado, produc;:ao ou qualquer outra atividade (voce , seus filhos, sua mulher)? (MESMO QUE A 
RESPOSTA SEJA NAO, A TABELA DEVERA SER COMPLETADA) 

12.10. Pediu? (A) Sim, pedido do agricultor ou da comunidade/associac;:ao (B) Sim, mas iniciativa da prefeitura, ater, ou outra instituic;:ao 

12.11 . Se niio, descreve por que jamais pediu. 

12.12. Qual foi o tipo de suporte tecnico? 
12.13. E voce recebeu? (S/N) 
12.14. Se nao recebeu, por que nao? 
12.15. Qual o assunto ou em que area foi o suporte tecnico? 
12.16. Quando foi e qual a durac;:iio? 
12.17. Quantas visitas, encontros ou aulas teve durante o curse? 
12.18. Que instituic;:iio deu o suporte tecnico? 
12J_9.__'{_oce sabe o nome do tecnico que deu o supo_rte tecnico? 

Assistencia Tecnica 

23 

12.10. I 12
-
11

- I 12.12. 
Pediu? 5 ':_ ~~o, Tipos I Recebeu? 

12.13. 12.14 Se nao, por 
que? 12.15. Nome/Assunta 12.16. Quando e 

durai;8o? 
12.17. 

Frequencia 
12. 18. Nome da 

institui.ao/projeto/programa 
12.19. Nome do 

Tecnico(s) 
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13. BOLSAS E ASSISTl:NCIAS SOCIAIS (MULHER) 
13.1. A familia recebe alguma bolsa do governo? Sim D Nao D 
13.2. Se sim, quais sao? 
13.3. e quanto ganha por mes? 
13.4. quando comec;;ou o primeiro pagamento? (colocar o ano do primeiro pagamento do primeiro filho) . 

13.2. Balsa I 13.3. Quanta e (R$/ml!s) 13.4. Quando ? 
Balsa familia . D 

Para guantas crianyas ? 
Balsa jovem. D 

Para quantos jovens ? 
Balsa auxilio natalidade D 

Outras: D 

14. BOLSAS FLORESTA (INDIVIDUAL) 
A balsa floresta e um programa publico para as comunidades rurais que tern como objetivo de preservar uma quantidade definida de mata ou de capoeirao 
nos lotes particulares ou comunitarios. O programa funciona da seguinte maneira: o comunitario se compromete a nao cortar uma parte do lote dele em troca 
de um pagamento mensal. (Falar ao entrevistado que a pergunta e uma suposii;iio, a bolsa niio existe no Para e niio ha previsiio de sua implementa(,iio) . 

14.1 Voce ja ouviu falar dos programas de bolsa floresta ou de pagamentos para a protei;ao do meio ambiente que existem no estado do Amazonas e do 
Acre? Sim D Nao D 

14.2. Se sim, onde ouviu? 

D Alguem da comunidade 

D Folhetos (instituii;ao: 

D No radio D Numa reuniao (instituic;ao : 

D Quiros lugares : 

14.2. Se voce recebesse R$ 50,00 por mes para preservar uma parte da sua mata, quanto voce aceitaria preservar? (em hectares, linhas) 

14.3. E voce acha que seria melhor que esse pagamento fosse pago totalmente a familia, ou fosse dividido metade pra famflia , metade pra comunidade? 

Totalmente a familia D dividido com a comunidade D Nada em dinheiro para a familia , ludo pago em forma de servic;os para a comunidade D 

401 
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15. RELA<;OES SOCIAIS E PRODU<;AO (INDIVIDUAL) 

(Nas questoes de redes e relai;oes sociais, nao se deve considerar o primeiro NAO coma resposta definitiva. Deve-se insistir com o entrevistado para falar 
a/guns name. Gera/mente o nao ea primeira resposta. Deve-se insistir em uma conversa coma p.e. : Mas nao tem ninguem na comunidade que voce pode 
conversar a respeito de questoes que sao importantes pra voce? .. .) 

TROCA DE INFORMA<;OES 

15.1 . Com quern voce conversa agui na comunidade sobre assuntos importantes? Qualquer assunto importante para voce. 
(se a pessoa nao responder, perguntar: mas o que e importante pra voce, na sua vida? Entao, sobre isso, com quern voce conversa aqui na comunidade?) 
15.2. Por que voce conversa com esta pessoa? 

[ 15.1. Nome/ apelido + IOI 15.2. Por que conversa com esta pessoa? 

2 



Seo trabalho principal do entrevistado NAO FOR aqricultura, ir para a questao 16: 
VoclJ troca informai;:oes com alguem que voce acha importante para fazer seu trabalho de agricultura? 

15.3. NA COMUNIDADE? 
15.4. Com quern conversa? 
15.5. Por que conversa com esta pessoa? 

[ 15.4 . Nome, IOI, Sexo (M/F) 
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15.5. Por que conversa com esta pessoa? 
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Vocr. troca informa~es com alguem que vocr. acha importante para fazer seu trabalho de agricultura? 

15.6. com alguem de OUTRAS COMUNIDADES? 

15.7. Com quern conversa? (Se for alguem dentre as comunidades do PLUPH, Sao Tome, Araipa ou Nova Estrela, anotaro IOI tambem ) 

15.8. De que comunidade e esta pessoa? Em que comunidade essa pessoa mora? 
15.9. Por que conversa com esta pessoa? 

15.7. Nome +IOI+ Sexo (M/F) 15.8. Nome 
comunidade/localizacao 15.9. Por que conversa com esta pessoa? 

2 



Voce troca informa1,6es com alguem que voce acha importante para fazer seu trabalho de agricultura? 

15.10. com ALGUEM DO GOVERNO (MUNICIPAL, ESTADUAL OU FEDERAL), ON Gs, ASSOCIA<,;OES, UNIVERSIDADE, EM PRESAS? 
15.11. Com quern conversa? 
15.12. Essa pessoa trabalha onde (instituiyao)? Qual e a ocupa1,ao desta pessoa (cargo da pessoa na instituiyao citada)? 
15. 13. Por que conversa com esta pessoa? 

[ 15.11 . Nome + Sexo (M/F) 15.12. lnstituiyao/cargo 15.13. Por que conversa com esta pessoa? 

405 
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Vore troca informac;:oes com alguem a respeito de novas praticas agricolas para seus cultivos e quintais? (aqui, as novas praticas seriam experimentar;oes ou 
novas maneiras de plantar I praticas que tentam diminuir o uso do fogo, de produtos qulmicos, que protegem a fertilidade do solo, que aumentam a diversidade de 
plantas ... .) 

15.16. NA COMUNIDADE? Nao o 
15.17. Com quern conversa? 
15.18. Por que conversa com esta pessoa? 
15.19. Voce conversa com essa pessoa sobre os plantios do projeto PLUPH ? 

15.17. Nome+ IOI 15.18. Por que conversa com esta pessoa? 15.19. Falari, sobre os 
lantios do PLUPH? (S/N 

2 
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15.20. com alguem de OUTRAS COMUNIDADES? Sim D 
15.21 . Com quern conversa? 
15.22. De que comunidade e esta pessoa? Em que comunidade essa pessoa mora? (Se das comunidades do PLUPH, escrevero ID() 
15.23. Par que conversa com esta pessoa? 

I 15.21 . Nome+ IOI+ Sexo (M/F) 15.22. Nome comunidade/localizacao 15.23. Par que conversa com esta pessoa? 
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15.24. com alguem do governo (municipal, estadual ou federal), ONGs, associa~oes, universidade, empresas? S1M 

15.25. Com quern conversa? 
15.26. Essa pessoa trabalha onde (institui.,ao)? Quale a ocupa.,ao desta pessoa (cargo da pessoa na institui.,ao citada)? 
15.27. Por que conversa com esta pessoa? 

[ 15.25. Nome + Sexo (M/F) 15.26. lnstituir,ao/cargo 15.27. Por que conversa com esta pessoa? 

3 



16. EXTRATIVISMO DA MATA EDA CAPOEIRA, E DO QUINTAL (INDIVIDUAL) 

16.1. Quais produtos a familia busca na mata e na capoeira? 

Madeira Sim Nao Animais (cac;;a) Sim Nao 

Produlos de palmeira (Palha, frutos, palmito, etc) Sim quais palmeiras: 

Frutas Sim Nao quais: 

Plantas medicinais Sim Nao quais: 

16.2. Onde a familia vai para procurar este produtos? I:: em sua pr6pria mata ou na mata de outro? Mata pr6pria 

Se a mata e de outra pessoa, de quern e? Se usa a mata de outras pessoas, ha algum acordo para o uso? 

16.3. Quais produtos a familia tern no guintal? 

Frutas Sim Nao quais: 

Plantas medicinais Sim Nao quais: 

Outro: 
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Mata de outro 
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16.4 Voce nota mudancas no ambiente natural, p.e. numero de peixes pescados, o tamanho dos peixes pescados, a condicao da floresta (queimada, 
desmatamento), a disponibilidade (quantidade) de madeira , frutos ou outros produtos D Sim D Nao (Individual) 

16.5. Quais sao essas mudancas? 16.6. Sabe o por que acontece isso? 0 por que dessas mudancas? 

Se voce notar mudancas no ambiente natural , voce falaria com alguem sabre isso? (p.e. numero de peixes pescados, o tamanho dos peixes pescados, a condh;ac 
da floresta (queimada, desmatamento), a disponibilidade (quantidade) de madeira, frutos ou outros produtos) 

16.7. Aqul na comunldade: 

[ Nome+ IOI Por que conversa com esta pessoa? 



16.8. com alguem de outras comunidades? 

Nome + IDI + Sexo (M/F) Nome comunidade / 
localizaciio Por que conversa com esta pessoa? 

16.9. com alguem do governo (municipal, estadual ou federal), ONGs, Associacoes, Universidade ou empresas: 

[ Nome + Sexo (M/F) lnstituii;:iio/cargo Por que conversa com esta pessoa? 
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17. EXTRATIVISMO DO MEID AQUATICO {INDIVIDUAL) 

17.1 . Voce pesca? Sim D Nao D (sea resposta fornao, irpara a pergunta 17.5.) 

17.2. Por que pesca? (as alternativas nao devem serditas ao entrevistado} 
venda na comunidade D venda na cidade D venda atravessador D consumo D lazer D troca D 

17.3. Que quantidade vocii pescou no ultimo mes? Kg/mes ou peixes/mes 

17 .4. Onde voce foi pescar no ultimo mes (as alternativas nao devem ser ditas ao entrevistado}. 
Tapaj6s D Lago Araipa D Na Boca D No Parana D Lago Grande Enseada D Cupu D lgarape Outro 

TROCA DE PEIXES (MULHER) 

17.5. Quando a familia quis ou precisou de peixes, de quern buscou? (Se das comunidades do PLUPH, escrevero /DI, se nao, escrever tambem o nome da 
comunidade). 
17 .6. Quais peixes buscou desse pessoa? 
17.7. Sempre quando precisa , busca peixes com essa pessoa? Ou so foi uma vez? 
17.8. Por que buscou com essa pessoa? 
17.9. Par que meio obteve? Dado (0) , Compra (C) 

17.7.Sempre quando precisa, 
17.5. Nome, IDI e Sexo (M/F) 17.6. Quais peixes? busca peixes com essa pessoa? 

Ou so foi uma vez? 
17.8. Por que buscou com 17.9. Por 

essa pessoa? que meio? 



N6s agora queremos conhecer um pouco mais sobre o seu trabalho como pescador. (se nao pesca, ir para a pergunta 18.) ~ndividual) 
17 .10. Voce troca informac;ao com alguem que seja util para voce fazer seu trabalho de pesca? Sim Nao (com quern voce pode conversar sobre o trabalho, 
os bons lugares pra pescar, as especies pescadas, o equipamento de pesca, melhor epoca do ano, melhor horario, etc). 
17.11 . Com quern conversa? (Se das comunidades do PLUPH, escrevero ID/, se nao, escrever tambem o nome da comunidade). 
17 .12. Por ue voce conversa com essa essoa 

17.11. Nome, IOI (ou comunidade) e Sexo (M/F) 17.12. Por que conversa? 
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17.13. Ha alguma(s) pessoa(s) de guem voce depende para fazer seu trabalho de pesca? Sim 
malhadeira (redes), alguem que voce procura pra pescar com voce, etc) 

Nao (p.e. alguem de quern voce empresta voadeira, 

17.14. Voce depende de quern? (Se das comunidades do PLUPH, escrever o ID/, se nao, escrever tambem o nome da comunidade). 
17.15. Par que voce depende dessa pessoa? 

17.13. Nome, IDI (ou comunidade) e Sexo (M/F) I 17.1 4. Porque depends desta pessoa? 

17.15. Ha alguma(s) pessoa(s) gue depende(ml de voce para fazer o trabalho de pesca dela(s)? 0 Sim D Nao 
(p.e. alguem para quern voce empresta voadeira, malhadeira (rede), alguem que solicita sua companhia, presen~ para pescar, etc) 

17.16. Quern depende de voce? (Se das comunidades do PLUPH, escrevero ID/, se nao, escrevertambem o nome da comunidade). 
17.17. Por que esta pessoa depende de voce? 

17.16. Nome, IDI e Sexo (M/F) I 17.17. Por que? 



18. SAUCE • QUALIDADE DE AGUA E DIARREIA (MULHER) 

18. SAUCE (INDIVIDAL) 

18.1. Onde a familia pega a agua? (nifo deve ser falada as alternativas ao entrevistados, somente anotado o que for descrito) . (MULHER) 

Orio igarape D poco pr6prio poco de outra pessoa, de quern : outro: 

18.'2. O que tipo de tratamento de agua a famflia faz? (nao deve ser fafada as a/ternativas ao entrevistados, somente anotado o que for descrito). 
cloro filtro ferver outros : 

18.3. Quais foram os ultimas problemas de saude da comunldade em geral? (insistir um pouco por que e/e pode falar de problemas da familia primeiro) (Ind) 

18.4. E para resolver os problemas de saude da comunidade (como este(s) que voce citou), o que voce fez para resolve-las? E para problemas de acesso e qualidade 
dos services publicos, medicos e medicamentos voce fez alga para resolve-las? (registrar os passes que o entrevistado tern que seguir ate resolver um problema de 
saude da comunidade. A resposta seria no sentido de verificar se o comunitario se interessa pelos problemas comunitarios de saude e se faz alga a respeito). (Ind) 

18.5. Quais foram seus ultimas problemas de saude? (Ind) 

18.6. Voce teve diarreia nos ultimas 6 meses ? Sim Nao (Ind) 

Epis6dios de diarreia na familia (A fami/ia signifies todas as pessoas que moram na mesma casa). MULHER 

18.9. buscaram service de saude (S/N) 18.10. Se nao buscaram 
18.7. Quern na familia teve diarreia nos ultimas 6 meses? 18.8. Ficou doente onde foram? service de saude, par que 

(Nome+ IOI) quantos dias? Brasilia Legal (B), ltaituba (I), Aveiro (A), nao buscaram? 
Santarem {si, outro luaar (Ol 
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18. 11. Que remedio a familia usou para tratar esses casos de diarreia? MULHER 

D Plantas medicinais D Medicamentos D Outro: 

19. INFORMA<;OES SOBRE A SAUOE (INDIVIOAL) 

Sabre as quest6es de saude da comunidade (sabre as doem;as ou problemas recorrentes na comunidade, acesso e qualidade dos servi<;os ptiblicos, medicos, 
medicamentos) voce conversa com alguem a respeito? 

19.1. NA COMUNIDADE Nao D 

[ 19.2. Nome+ IDI + Sexo (M/F) ! 19.3. Par que conversa com esta pessoa? 
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Sabre as questoes de saude da comunidade, vocli conversa com alguem a respeito? 

19.4. com ALGUEM DE OUTRA COMUNIDADE? Sim D Nao o 
19.5. Nome+ IDI j 19.6.comunidade/localizacao 19.7. Por que conversa com esta pessoa? 

19.8. Vocli CONVERSA COM ALGUEM DO GOVERNO (MUNICIPAL, ESTADUAL OU FEDERAL), ONGS, ASSOCIAl;0ES, UNIVERSIDADE, EMPRESAS, com 
quern e? Sim D Nao D 

[ 19.9. Nome ] 19.10. lnstituicao/cargo j 19.11 . Perque conversa com esta pessoa? 
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20. QUAUDADE DE VIDA (INDIVIDUAL) 

20.1 . Voce gostaria de continuar a viver aqui na comunidade? Sim Niio / Quanto tempo mais voce acha que vai viver aqui na comunidade? 
20.2. Gostaria que os seus filhos ficassem? Sim Nao 
20.3. Mas acredita que seus filhos viio continuar na comunidade e viver da terra? Sim Niio 
(Para questoes 20.4 a 20. 6, utilizar o cartao de satisfa,;ao e usar a metodologia dos Feijoes) 
20.4. Voce esta satisfeito com o tempo livre que tern? 

20.5. Voce esta satisfeito com a sua· saude? 

20.6. Voce esta satisfeito com a sua vida, em geral? 

20. 7. 0 que falta para melhorar? 

21 . PARTICIPAl,AO EM PROJETOS (INDIVIDUAL) 

vocrc PARTICIPA ou JA PARTICIPOU DEATIVIDADES DE (A) extrac;;iio/manejo de produtos da floresta (frutas, madeira, ... ), (B) de recurses aquaticos (peixes) ou (C) de 
agricultura? (Escrever na tabela se Tipo A, B, ou C) 
Qua! atividade? (por exemplo, extrativismo de babac;;u , extrativismo de castanha, manejo de Madeira, manejo de pirarucu, projeto de agroecologia, safs, etc) 
Quanto tempo durou a atividade? 
Como comec;;ou? 
Com quern colaborou nesta atividade? 
Por que colaborou com esta pessoa? 
Quais os beneficios em colaborar com esta pessoa nesta atividade? 
Quais os problemas de colaborar com esta pessoa nesta atividade? 

4 
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Voce participa ou ja parlicipou de atividades de: (A) extrac;;ao/manejo de produtos da floresta (frutas, madeira, ... ), (B) de recursos aquaticos (peixes) ou (C) de 
agricultura? 

21 .1. NA COMUNIDADE: Sim D Nao D (Seo comunitario responder somente o projeto PLUPH, seguir diretamente para as questoes 21 .31). 

Tabela Parle I 
21.2. Tipo de 
atividade 

Tabela Parle II 
Tipode 

atividade 

21 .3. Nome da atividade 21.4. Durac;;ao (anode inicio e fim) 21 .5. Como comec;;ou? 21 .6. Com quern colaborou/colabora? 
Nome+ IOI 

21 .7. Por que colaborou com esta pessoa? 21 .8. Quais os beneficios desta colaborac;;ao? 21 .9. Quais os problemas desta colaborac;;ao? 
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Voce participa ou ja participou de atividades em: (A) extra9ao/manejo de produtos da floresta (frutas, madeira, ... ), (B) de recursos aquaticos (peixes ... ) ou (C) 
de agricultura alternativa/ sustentavel? 

21 .10. juntamente COM OUTRAS COMUNIDADES: Sim 0 

Tabela Parte I 
21.11. 

Tipo de I 21.12. Nome da atividade 
atividade 

Tabela Parte II 
Tipo de 

atividade 
21.17. Qual foi a sua 

21 .13. Com quern 
colaborou/colabora? 

21.18. Por que colaborou com 
esta pessoa? 

21 .14. Dura9ao 
(ano de inicio e 
fim 

21.15. Como come90u? 
21 .16. Comunidade e 

localiza<,ao 

21 .19. Quais os beneficios? 21 .20. Quais os problemas? 
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Voce participa ou ja participou de atividades juntamente com pessoas do governo (municipal, estadual ou federal), ONGs, Associacoes, Universidade, 
empresas: (A) manejo de produtos da floresta (frutas, madeira, ... ), (B) de recurses aquaticos (peixes) ou (C) de agricultura? 

21 .21. juntamente COM PESSOAS DO GOVERNO (MUNICIPAL, ESTADUAL OU FEDERAL), ONGs, ASSOCIAC0ES, UNIVERSIDADE, EMPRESAS: Sim O Nao 0 

Tabela Parte I 

4 

Tipo de 
atividade 21 .22. Nome da atividade 21 .23. Com quern 

colaborou/colabora? 
21.24. Duracao (anode 

inicio e fim 21.25. Como comecou? J 21 .26 .lnstituicao e cargo 

Tabela Parte II 
Tipo de 
atividade 21 .27. Qual foi a sua funcao/participacao? 21.28. Por que colaborou 

com esta pessoa? 21.29. Quais os beneficios? 21.30.Quais os problemas? 
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21.31. Voce participa ou ja participou de alguma atividade do projeto PLUPH (reunifies, plantio, trabalho, coleta de dados, etc.) 

21 .32. Se sim, quais atividades: 

Reunifies 
Coleta de sangue 

Trabalho (diarista, ajudante) 

Despedidas/eventos 

21.33. Voce ja foi visitar os plantios do PLUPH? 

21.34. Se sim, voce foi 

somente durante atividades de visita organizadas pelo projeto PLUPH 

Por quais razfies foram visitar os plantios? 

Entrevistas 

Plantios (demarcaQiio/plantar mudas) 

visitar por iniciativa pr6pria D 

Trabalho Parentes/vizinho/amigo Curiosidade/interesse Outros 

Por quais razoes nao foram visitar os plantios? 
Nao tern tempo Distancia/acesso Nao tern curiosidade Outros 

21 .35. Pra voce, quais os principais beneflcios desses plantios, sobre a maneira de cultivar que o projeto PLUPH fez? 

Entrega de resultados 

Outros 

21 .36. Pra voce, quais os principais problemas desses plantios, da maneira de cultivar do projeto PLUPH? (Falar ao entrevistado que queremos aprender, 
queremos melhorar e pra isso precisamos conhecer os problemas que e/es v~em nos plantios, as criticas. Tudo isso para nao se repetir depois. Mesmo que 
nao seja uma critica sua, seja a/go que ouviu na comunidade, pode expressar aqw). 
- Deixar em aberto a pergunta. Caso @ entrevistad@ nao fale, citar as eta pas do plantio e insistir um pouco para ele falar dos problemas. 

- Etapas: Escolha dos donos das areas dos plantios, escolha dos lugaresnotes para os plantios, escolha das plantas/ composiQiio florestal , calendario e 
epoca dos plantios, inclusao de toda a comunidade nas atividades do plantio. 
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D.2 Short questionnaire 

1) Algoma vez houve alguma problema em sua ro~a que afetou a produ~io, causando uma baixa produ~io? 

Por que deu baixa produ~lio? 
0 uma praga 

uma seca forte 
term que esta cansada 

0 muita chuva 
0 outro: 

Se sim, quando foi : 
Se sim, quando foi: 
Sc sim, quando foi : 
Se sim, quando foi : 

D Sim 

Como voce se virou neste momento? 0 que voce fez para contornar este problema? 0 que voce fez para compensar? (Conforma com a tabela) 

2) Alguma vez voce niio conseguiu o retorno financ~iro espcrado para sua produ~iio? Sim 
Qual foi o motivo? 

ninguem queria comprar Se sun, quando foi: 
queda do preco Se sim, quando foi: 
niio podia levar o produto ao mercado (por ex., sem atravessador, doente ... ) Se sim, quando foi: 

0 outro: 
Como voce se virou neste momento? 0 que voce fez para contornar este problema? 0 que voce fez para compensar? (Conforma com a tabela) 
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3) Alguma vez a sua pesca foi prejudica e niio conseguiu pegar peixe suficiente? Sim 
Por que motivo? 

bati~iio/arrastiio fei to por pessoas de fora Se sim, quando foi : 
uma seca fo rte Se sim, quando fo i: 
muito cheio Se sim, quando foi : 
outro : 

Como voce se virou neste momento? 0 que voce fez para contornar este problema? 0 que voce fez para compensar? (Conforma com a tabela) 

4) Alguma vez faltou servi~o ou emprego para voce? 
Qual motivo? 
D doen,a (incapaz de fazer o servi~o) 
D ninguem oferec ia servi,o quando precisava de dinheiro 
D Trabalho diminuiu · 

Outro: 

Sim 

Se sim, quando fo i: 
Se sim, quando fo i: 

Como voce se virou neste momento? 0 que voce fez para contornar este problema? 0 que voce fez para compensar? (Conforma com a tabela) 
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Mudar a roya o aoo Extrayio de outros Pedir ajuda (material/ Veodcr ativos/ recursos Rciviodicayoes/ 
pr6ximo recursos suporte) de outra pessoa, do Colaborayoes com outros para 

eoveroo, duma empresa, mudar a situacao 
D Novas variedades D tentar de casar mais Emprestar dinheiro D Vender um boi SE tentar de mudar a situayao, 

animais - De um amigo EXPLICAR COMO (exemplo: 
Novas plantas - De um parente D Vender produtos da falando com a prefeitura/pedindo 

tentar de pegar mais peixe - Do banco flares ta ( castanha, frutos , apoio de algum 6rgao do govemo 
Plantar menos ou animais aquaticos etc). (JBAMA, INCRA), : 

Pedir sementes para o ano 
Plantar mais D tentar de procurar mais pr6ximo D Vender madeira 
- aumentar mao de frutos e castanhas da floresta 

obra na roca ou da capoeira Pedir trabalho/ D Veader peixes 
- multi roes serviyo para ganhar dinheiro 
- outro Nao aumenta a Vender outro: 

extrativ ismo Pedir alimentos ou outros 
Plantar em outro lugar bens Nao vende nada 
- Floresta Par que: - De um amigo 
- Capoeira - De um parente Por que: 
- juquira 
- Outro late Nao pede nada de ninguem 

Regar a ro9a (mais) Par que: 

Usar fcrtilizantes/ 
pesticidios (quimicos ou 
naturais) 

Nao muda nada 

Par que: 



D.3 Open ended interview guidelines 

Open-ended interview guidelines: oral histories and life trajectories 

ldentifica~iio dos entrevistados 

Genero/meio "Diversificador" "Acumulador" "Dependente "Dependente 
da vida externo" interno" 

1 da 
1 da comunidade 1 da comunidade 1 da comunidade comunidade 

Homem ribeirinha ribeirinha ribeirinha ribeirinha 
1 da comunidade 1 da comunidade 1 da comunidade 1 da 

na vicinal na vicinal na vicinal comunidade na 
vicinal 

1 da 
1 da comunidade 1 da comunidade 1 da comunidade comunidade 

Muther ribeirinha ribeirinha ribeirinha ribeirinha 
1 da comunidade 1 da comunidade 1 da comunidade 1 da 

na vicinal na vicinal na vicinal comunidade na 
vicinal 

Total 4 4 4 4 

Explica~iio da atividade: 

• Objetivo: Contar sua historia, como foi no passado aqui na comunidade. 
• Por que: para melhor entender como mudou a vida aqui ( qualidade de 

vida, meio ambiente, saude) 
• Etica: garantir que e anonimo, pode gravar? 

Tipos de perguntas para iniciar a conversa: 

• (Se nasceu na comunidade): Quando era moleque/moi;:a, como era aqui (a 
vida, a comunidade)? 
(Se nasceu fora da comunidade): Quando voce chegou aqui pela primeira 
vez, como era aqui? Por que voce veio morar aqui na comunidade? 

• Quais sao as dificuldades que voces confrontavam nestes momentos? 
Como ultrapassavam? 
Que tinha de born? Que gostava? 

• Ainda tern as mesmas dificuldades hoje em dia? 
Que melhorou? 

• Como voce ve seu futuro/o futuro da comunidade? 
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Guia dos sujeitos que podem ser abordados 

Dificuldades e Estado das Uso dos Relas;oes com 
Epoca/Temas coisas boas aguas, a recursos Relas:oes sociais na governo, 6rgaos floresta, a comunidade da vida roca naturais publicos, ONGs 

Antes da colonizas:ao: Chegada 
na comunidade, estabelecimento 

da comunidade 

Inicio da colonizas:ao: Epoca da 
construs;ao do BR, exploras;ao 

madeireira/mineira, aumenta da 
populas:ao, desmatamento. 

Transis:oes e outras mudans:as 
socioeconomicas: Bolsa famflia, 

FNO (credito), posto de saude, 
escola, transporte, cidades, 

Transis:oes e mudans:as 
demograficas: Safda dos jovens, 

aposentadoria dos antigos 





ANNEXE 

PLUPH PROJECT RESULTS DISSEMINATION AND KNOWLEDGE SHARING 
ACTIVITES: COMMUNITY TRANSECT WALKS, CARTILHAS AND 

COMMUNITY-THEATER EXPERIENCES 

Above and beyond my academic objectives, a personal and professional goal mine 

was to mobilize the knowledge and tools that were developed in this thesis and 

translate them into actions. As community-based researchers and practitioners, it is 

our ethical responsibility to ensure that the research process is transparent and 

sustained, and that benefits are being generated not only for the project but also for 

participating communities. These are key ingredients, necessary to help us confront 

public health challenges, find ecosystems management solutions, and build fairer and 

just societies for the future. 

I worked closely with other members of the PLUPH project to develop various 

activities (two of which I present here) to share and discuss the project, the research 

process and outcomes with participating communities. I chose to study landscapes 

and livelihoods not only to meet the needs of my personal scholarly pursuits, but also 

because these concepts could prove useful for knowledge transfer and exchange. 

Landscapes and livelihoods englobe every aspect of daily life, including our 
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relationships with other people and our relationships with nature. Being transversal, 

they can help researchers, practitioners, local communities and other stakeholder 

groups unpack some of the complex interconnections among human health, 

ecosystems, and society. 

Herein I describe two PLUPH-related activities and highlight some critical reflections 

on the process. Finally I mention some considerations for future research projects. 

Much of this builds off a discussions with Emilie Belanger, Christine Rozon, Annie 

Beliveau, and Leandra Fatorelli. 

E.1 Desctiption of activities 

To share and discuss the results of the PLUPH project's research, landscapes (being 

the place in which people live and work) and livelihoods (being the ways in which 

people use and interact with the landscape) were taken as backdrops to develop two 

activities. The first activity was built around in-situ, community transect walks. It was 

carried out in 2011, lead by myself, Emilie Belanger, Christine Rozon, Robert 

Davidson, Annie Beliveau and Ligia Valadao,23
. The second activity, carried out in 

2015, involved a comic book (cartilha) and community theater experiences that were 

developed by myself, Annie Beliveau, and Stephane Tremblay1 and accompanied by 

Marion Quartier, Marc Lucotte, Frederic Mertens, Carols Passos and Christina 

Romafta. 

23 Note that credit must also be given to all active members of the PLUPH project, as they were 
involved in these activities indirectly or directly. In the text, I only mention those who were actively 
involved in the field and who carried out the practical, logistical community-based activities. 
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For community transect walks (Figure E. l ), we invited adults and children to 

walk with PLUPH researchers through the community, a forested site, and an 

agricultural field. The activity promoted direct observation and assessment of the 

landscape by both researchers and community members alike. Using maps and other 

visual tools, community knowledge was complemented with the scholarly findings of 

the PLUPH project to stimulate discussions and experience-based learning around 

complex interactions, feedbacks and scalar relationships. For example, prompts such 

as how has the landscape changed or what do we notice about the soil or vegetation, 

stimulated discussions on livelihood practices, such as slash and burning, and the 

removal of forests. In light of these topics, the presence of Atta/ea palms and 

triatomine dispersal were discussed, as was soil erosion and mercury movement. 

Farmers brought up concerns around production and sales, highlighting tensions and 

trade-offs between ecosystems and the household economy. Concerned parents also 

enlarged the scope of the discussion to include other pressing health issues, such· a 

dysentery or malnutrition. 
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Figure E.1 Community transect walks through forests and fields. Photo 
credits: C. Rozon and A. Beliveau. 

The second activity involved the creation and dissemination of a comic book 

( cartilha), as well as a community theater experience that used parts of the cartilha as 

a script (Figure E.2). Firstly, working closely with a Brazilian graphic artist and with 

the help of people from the region, we developed a story with simple language and 

relatable pictures. Narrated by a fictional family, the cartilha brings readers through 

the landscape as we follow the characters and their discussions of the ecosystem, their 

livelihoods, and links to health. Once completed, the cartilha was read and discussed 

with the community. People were asked what they (dis)liked and what they would 

change. Extracts from the cartilha were selected, and both researcher and community 
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participants acted out scenarios, sometimes to include changes proposed by the 

community. The children also carried out a similar activity, and presented their skits 

to the adults. A digital version of the cartilha can be downloaded from the PLUPH 

website. A full version is attached to the end of this annex (Figure E.4). 

In addition to these two activities, sensitive health information was also returned to 

participants, but using a very different approach. I mention it here, because I believe 

that this is a key component of ethical community-based research. Blood samples 

were taken in communities in 2008 and 2009 to measure mercury concentrations, test 

for T. cruzi infection, and evaluate several other biochemical indicators of health. In 

2011 , Juliana Valentini and Carols Passos met with each participant individually, 

accompanied by a local health practitioner, to discuss the results. For people that 

tested sero-positive for T. cruzi, further medical attention was given through the pubic 

health care system. 
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Figure E.2 Cartilha activities, including group discussions, readings and skits 
based on the cartiha. Photo credits: A. Beliveau 

E.2 A few critical reflections 

Landscapes and livelihoods, while recognizably westernized concepts, seemed to be 

good starting points for dialogues and learning around health, ecosystems, and 

society because they can be understood, interpreted and discussed from multiple 

perspectives using various knowledge types and terminologies. Many communities 

do not atomize their mental models of the world into sectors and compartments, as 

scholars are trained to do. As argued through out this thesis, livelihoods and 
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landscapes are integrating and holistic concepts that can transgress these artificial 

boundaries; in fact, thinking in such systems may more closely resemble some non-

western cosmologies. What' s more, local communities are already experts on their 

ecosystems and the ways they make a living and use their resources. Livelihoods and 

landscapes are recognizable and relatable, so using such concepts can help bring 

research results (that are often convoluted and elusive, even for highly trained 

scholars) into the realm of the lived realities of local communities. 

Knowing that these activities would bring together the radically different cosmologies 

of researchers and local communities, we also took steps to iteratively and critically 

reflect as researchers on our mental models of the world, as well as on our privileges, 

perceptions and values. This was done before, during and after the activities, which 

encouraged us to be aware of our discourses, mindful of the languages and symbols 

we apply, and conscious of our position as (mostly) white, North American, educated, 

and wealthy actors. The intention was that this information would enable stronger 

communication with stakeholders. For example, the cartilha itself was verified 

numerous times to ensure the use of apposite language, to eliminate any involuntarily 

offensive images or phrases (and there were indeed some necessary revisions made!), 

and to be critical of how our cultural biases and normative assumptions around health 

and the environment were factoring in. When possible, we avoided being 

prescriptive, and instead structured the text to be informative, so as to leave the actor 

with agency and options. 

Intergenerational knowledge transfer and gender equity are principles that were also 

explicitly used in activity planning. Firstly, we sought to encourage learning and 

stimulate curiosity among the younger generation, which we considered of 
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importance to the longevity of community health and well-being. Based on prior 

PLUPH-related community meetings and project planning, we found that 

participating adults were not necessarily transferring information to their children or 

other family members, and that a trickledown effect could not be assumed. It became 

clear that there was a need for activities specifically tailored towards young children 

and youth, accounting for their unique needs. In response, we collaborated with local 

schools and teachers to create a children's contingent during the community walk and 

to have a children' s cartilha workshop (Figure E.3). In fact, the information that was 

shared during these activities did in fact reach many adults in the community, as we 

quickly realized that children were enthusiastically initiating discussions with their 

parents and bringing home project-related materials . 
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Figure E.3 Activities with children, including skits, drawings, games, and 
assignments given to them by their teacher 

By creating activities for children, there was also more opportunity for women to 

participate. Again, from previous experience it became apparent that women tended 

to participate in project-related activities much less than men. For numerous reasons 

we wanted to prioritize women. In particular, as active care givers and with 

knowledge of community health (based on local gender roles), women should be 

central to any community dialogue around environment and health. When we asked 

women why they were not participating, we found that child care responsibilities 

were an obstacle. We then decided that activities for children was a good strategy not 
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only to promote intergenerational exchanges and information dissemination, but also 

to promote wider participation by women. 

Finally, as researchers working in the community setting, we sought to be aware of 

social norms and local power dynamics and, when appropriate, we adapted our 

actions to this context. An obvious example is of course selecting dates, times, and 

places for activities that are respectful of community calendars, to maximize the 

opportunity for people to participate. But there were also more nuanced actions that 

we took to promote inclusion and participation. For example, while the project had 

previously relied on local leaders and their social networks to disseminate project-

related information, we decided to visit each household in the community and 

individually invite members to participate in the results returning activities. Here, 

engaging in the ritual of a shared cafezinho and discussing the family or the weather 

before extending the personalized invitation was most helpful. This not only ensured 

that the correct information about activity time, date, and purpose was shared, but 

also allowed community members to express their questions, doubts and hesitations 

about the project activity to us directly. Furthermore, by bypassing social networks 

with their own structures and power dynamics, we were able to create a context that 

was more welcoming and inclusive to community members. We also offered 

transportation to the activity, which was an important obstacle for isolated families. 

By being more aware of local social structures and norms, the number of people who 

attended these results returning activities far exceeding our expectations. 

These considerations were also used to make the activities themselves more 

conducive to participation by people who might be normally excluded. For example, 

when developing the cartilha, we sought to ensure representation of various actors, by 
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including a variety of ages and genders, and importantly resource-use practices -

which are so culturally charged (Chapter 3). During discussions at the community 

transect walk, activity monitors would (when necessary) help direct the conversation 

away from people who were speaking frequently, while opening space for those who 

were not. 

E.3 Future considerations 

The PLUPH project achieved a great amount with little time and resources, yet room 

for improvement always exists and space should be given to such reflections. As 

participatory research, community-based actions, and the study of complex socio-

ecological problems become increasingly normalized practices, it is important to keep 

discussions on-going and to engage in some critical analysis of our actions, even after 

the fact. Reflecting on power-dynamics, trust-building processes, and inclusion of 

other stakeholder groups are among some relevant points to consider. 

Being aware of the power-dynamics that are at play can help researchers and 

practioners be more mindful of project actions and outcomes. Maintaining a critical 

view on community social structures can be useful, as already illustrated with the 

example of the individualized invitations. But it is also important to reflect on 

relationships between community memebers and the project. Are project activities 

favouring certain people in the community, or giving those with wealth and influence 

more power in their immediate social networks? In doing so, are we excluding certain 

stakeholders or creating conflict among community members? Of course this can be 

considered through an intersectional lens, considering gender, race, ethnicity, cultural 

identity, education, etc. Simple questions like: who is more involved in project 
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activities and why? can be useful starting points. As illustrated above, asking about 

obstacles to participation lead us to develop children' s activities and provide 

transportation for families. But also modifying the participatory desgin of the project 

may be necessary, to adapt to these emergent observations. More importantly, 

researchers should also reflect on what they and the project represent to communities. 

For example, the institutaional authroity, knowledge, and wealth linked to the project 

will influence how participants percieve the project, so being mindful of this can help 

adapt strategies for research and action. 

Building trust is a process not an end in itself, and it is a great challenge in 

communities with histories of failed development projects and neglect by public 

institutions (Chapter 4 and 5). Mechanisms that encourage transpartent 

communiticaiton between the project and the community are essential. For example, 

information related to the logistical and financial contraints were often difficult to 

communicate, and generated frustation and confusion for community members when 

activites were delayed or changed. Having a person from the community to play the 

role of a liason may remedy this, in addition to more frequent, individual contact with 

households in the community. 

Similarly, it would be useful from the get-go to identify and compare the communty's 

goals and the proejct ' s goals, which can help clear ambiguity around the project and 

what it represents. This was an major obstacle for the PLUPH project, for example, 

when community members awaited the consrtuction of a road or electrical lines at the 

end. While such actions had never been promised or even discussed, community 

expectations grew nonetheless. Mechanisms that stimualte conversations with people, 



on an individual and group level, to discuss problems, doubts, and hestitations 

would be useful to have interatively throughout the process. 
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In addition, the types of language and terminology used should be given serious 

throught. Words that researchers commonly throw around in academic settings can 

have different implications and expectations for other stakeholders. For example, 

projeto (project) may be associated to infrastrucutre develpoment, or pesquisa 

(research) to resource exploration operations such as mining. Further, the word 

resu/tados (results) may refer to a conctrete, tangible outcome of collaborative work. 

With this in mind, it becomes clear how disillusionment could quickly mount around 

the project and it' s activities, for example when the« results returning activities» in 

2010 focused on knowledge exchange and did not provide any material «results» . 

Notably, however, the cartilha was positively percieved as a« result ». 

Finally, improving outreach and collaboration with other stakeholders is important. 

We did provide copies of the cartilhas to schools in the particpiating communities as 

well as in regional hubs such as ltaituba, Brasilia Legal, A veiro, Trairao, and 

Divinopolis. We also shared the cartilhas with NGOs and public institutions involved 

in health, rural development, and environment in the region. These groups were 

already aware of the PLUPH project or had collaborated with the project in some 

capacity. In an ideal situation, these actors would have collaborated in meaningful 

ways with the project throughout the research process, including in results 

disemmination activites. While noble efforts were made by the PLUPH project to 

engage with these actors, there were multiple obstacles including policical cylces, 

buraucratic processes, and limitied human reserouces that made meaningful 

collaboration a challenge. It is, however, important to note that EMBRAPA was a 
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central player in many PLUPH-related activities, and for all health results , a 

professional from the public health care system accompanied the PLUPH project in 

the field. 
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Figure E.4 PLUPH project Cartilha, 2015 
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De 2007 a 2013, o projeto trabalhou junto com quatro 
comunidades da regiao do Rio Tapaj6s e da BR-163 para 
entender as rela<;6es entre os modos de vida, a saude, e o 
meio ambiente. 

0 Projeto PLUPH veio fazer o que? 
Pesquisar as rela~6es entre as mudan~as de uso da terra, 
os riscos da exposi~ao ao mercurio e da transmissao da 
doen~a de Chagas. 

Conversar sabre a economia, os modos de produ~ao 
e a vida comunitaria. 

Experimentar plantios alternativos 
ao carte e queima da mata. 



* Compartilhar os resultados do projeto PLUPH 

* Conversar sabre a diversidade de atividades das regi6es rurais da 
Amazonia. Cada atividade traz beneficios, mas tambem desvantagens 
para o meio ambiente, a economia familiar, ea saude das pessoas nas 
comunidades. 
* Relembrar que a diversifica~ao das atividades pode ajudar as famUias 
a lidar com os desafios da vida, e contribuir para melhoria da saude, do 
meio ambiente, e da economia familiar. 
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... NA ROCA 
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0 

0 FOGO PODE SER 
PERlOOSO MESMO. 

ANO PASSADO. 0 FOGO DA 
RO~A DO VlZlNHO 
SE AL.ASTROU PRA 

NOSSA MATA.. 

FIUfA. MAS TO 
MfU PAI MOS 
E WI. 
UMA FNmf!A WI 

DAPRA 



_NO PASTO 

- f I I 

- ISABEL.: OUIA 0 NOVO BOIZmfO GUE NASCEU DUAS SEWtNAS ATRAS_ :JA ESTA 
OORDmfO! 
- MARIA: E. FIL.HA.. MAIS UM PRA 1/eaR GUANDO PRECISAR/ O BO:I DA UM UJCRO BOM.. 
:J0KJ.1-D1BRA GU!li>O voci. EST AVA DOfNTE? A GENTE. VENDE.U UM BO:I PRA AJUDAR COM AS 
DE.SPESAS! 
- :JOAO: MAS,MAR:IA. ONTE.M 0 GADO FO! ROCA DO VIZmfO E. PlSOU TUDO_ AOORA 0 
VIZmfO EST A CHATE.ADO COM A GE.NTE.. E. TA RE.a.AMANDO. 

I 

- ISABE.L.: VE.RDADE P/.PAI.. 0 BO:I PlSOU TUDO! VIL( COMO A TERRA ESTA DUJW E AINDA TE.M 
BOST A DE. BO! PRA T0DO I.ADO GUE VA! E.MBORA NA "6UA GUANDO 00\/E.! 
- -~ VE.RDADE, f:IUIA! 0 AGENTE. DE SMJDE IE. FN..OU GyE. TODA ESSA BOSTA DO GADO 

DOE.NTE. SE. NAO FE.RVE.R OU COt.OCAR MRO 

- :JOAO: NOSSA ESTAMU!TO QUOOE. AQUl 'BORA PRA UMA SOMBRA NA MAT A! 
- MARIA: YNICS- ESPERA A! RAPIDmfO_ VOU PE.GAR~ COGUINi05 DE BABACL1 PRA 
T+ffAR 0 OW), 50 GUE. TE.M GUE TE.R CUIDADO. AS VE.ZES 0 8ABACLJ PODE TE.R BARBElR0 • 
NE? AGUEL.E. GUE. PODE DAR A~ DE CHAGAS_ 
- :JOAO: POISE.. MAS NAO E SE.MPRE. GUE. lSSO ACONTE.Cf. O PROJE.T0 PWPH NOS FM-OU 
DlSSO_ L..E.MBRA DO GUE EL.E.S F,u.JIM ? 
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Uma doen~a causadca por 
um parasifa que pode viver: * No corpo do barbeiro (que se chama tambem em outros 
locals do Brasil de chupao, blcudo ou fincao) . 

* No corpo de animals da mata com sangue guente (como o tatu, 
caplvara, gamba, paca, tamandua, cutia, etc.) 

* No corpo dos animals domestlcos (gato, cachorro, porco, etc.) 

* No corpo humano 

Nern todos esses sintomas 
sao causados pelo parasita. 
Podem ser causados por 
outras doem;as tambem ... 



E como se pode 
pegar a doen~a? 
As pessoas podem ser infectadas pelo 
parasita de varias maneiras: 

A maneira mais conhecida e aquela 
em seguida a picada de um barbeiro: 

* 0 barbeiro precisa chupar o sangue para viver 

* Quand9 o barbeiro pica uma pessoa, ele 
faz coco ao mesmo tempo sabre a pele. 

* 0 coco dele pode canter o parasita 
que causa a doern;a. 

* Quando a pessoa coc;a a picada, de 
repente o coco pode entrar na ferida 
e infectar a pessoa. 

Comer came de cac;a contaminada pelo 
parasita e que esta pouco cozida. 

, lngerir comidas e sucos (como ac;ai, 
bacaba ou cana) que sao contaminados 
com o parasita. Os alimentos se 
contaminam quando um 
barbeiro cai na comida ou um 
gamba contaminado urina ou 
entra em contato com ela. 

, Quando uma mulher ja tern a doenc;a, 
seu bebe pode pegar quando nascer. 
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Ja conhecem o BARBEIRO? 
E um inseto que chupa sangue para crescer 
e se reproduzir. 

Eles parecem como na foto abaixo 
mas existem tambem outros tipos de barbeiros 

Ele chupa sangue dos: * animais domesticos * animais da mata 
* humanos 
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~·- 0 barbeiro pode viver na floresta, 
no pasto ou na ro~a. 

0 barbeiro gosta sobretudo 
de ficar nas palmeiras, 
como o baba~u. urucur~ 
e inaja. 

As palmeiras crescem 
rapLdamente depois das 
derrubadas e queimadas 
no terreno. 

OUTROS TIPOS DE BARBE.IRO 
T NlllE,II vrD. NOS OCOS DAS AJr,JaflJ:.S, 

TOCOS POflllfS. BURACO NO CHAO. 
E NOS CUPl>lZE.IROS. 
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Como a gente pode 
evitar a doen~a? 

Os barbeiros gostam da luz, e podem voar da palmeira ate a casa de noite. 0 
barbeiro pode ficar nos buracos, atras e embaixo dos m6veis, nas paredes, no 
teto, e sobretudo na cama. Eles se escondem de dia e saem de noite para se 
alimentar. 
Entao, quando se preparam comidas e sucos, e melhor fazer de dia. E tambem 
prestar atenc;ao para o barbeiro nao cair na comida e contamina-la. 
Quando se prepara came de cac;a que pode ter o parasita (coma tatu, paca, 
capivara, cutia, etc.), tenha certeza de bem cozinhar, porque o calor mata o 
parasita. Tambem evitar o contato do sangue do animal com os olhos, a boca, e 
qualquerferida aberta na pele. 

quando para verse tem barbeiro s e t IV er. Entao, pode dar uma olhada de vez em I • 
dentro e/ou ao redor da casa • 

* Nao tocar o bicho com as maos nem utensilios da cozinha. Pode capturar o 
inseto em um recipiente que fecha bem, coma uma garrafa de agua ou uma 
caixa de f6sforos, por exemplo. Nao reutilizar o recipiente, pois ele pode estar 
contaminado. 

* Falar com um agente de saude e lhe entregar o recipiente. Ele deve comunicar o 
caso na rede municipal de saude. 



MESINTOT 
NA MATA.. ,VERDADEP~AL 

TA.lWITEM/IILJIT~~ 
E MTAS GUE NAO TEM 

NACAPOEIRA 
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que 
ercurio? 

@)) O mercuric e um elemento que existe natural-
mente nos solos da regiao, masque nao da pra 
ver. Ele fica la na terra q·uieto e assim nao causa 
dano para as pessoas, animais e plantas. 

~) Depois de uma derrubada e uma queimada, a 
agua das chuvas carrega o solo ate os rios e os 
lagos, e junta com a terra vai o mercurio. 

~) Na agua, o mercurio entra nas rafzes das plan-
tas aquaticas, e quando isso acontece, ele fica 
mais t6xico para as pessoas e para os animais. 

@)Os peixes que comem as plantas com mercurio 
vao juntando cada vez mais mercurio. Mas os 
peixes que comem outros peixes acabam fican-
do com mais mercurio. 

G)Quando as pessoas comem peixes contamina-
dos, o mercurio que estava na came do peixe 
passa para o corpo da pessoa. Quanta mais pei-
xe com mercurio a gente come, mais mercurio 
passa para o nosso corpo. 
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0 mercllrio nos peixes 
Como ~ue e mesmo 
essa historia dos peixes? 
Alguns peixes tern rnais rnercurio, e ou-
tros tern rnenos. Par exernplo, os peixes 
que cornern outros peixes tern mais 
mercurio (coma a pescada, surubim, pi-
ranha, pirarucu, filhote, tucunare, etc.). 
Peixes que nao comem outros peixes 
(s6 comern plantas) tern menos mercu-
rio na sua came {par exemplo: jaraqui, 
aracu, tarnbaqui, pacu). 

SABENDOISSO. 
0 QUE. A 6 E. FAZ ? 

I 

SE POSSIVEL. PODE 
ESCOU£R CERTO.S TIPOS 
DE Pf+XE GUE TEM MEN05 
MERCURIO. PRA D~ 

0 T ~O DE MERCURIO 
ENTRANDO EM 

SELJ CORPO. 



"Comer peixe e bom, mas temos 
que ficar atentos aos possiveis 
· riscos do mercurio para a 

nossa saude" 
BENEFiCIOS DO 

COMSUMO DE PEIXES 
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II 



Os plantios do PLUPH 

* Os plantios do PLUPH foram realizados no objetivo de evitar o uso repetido do 
fogo e reduzir a erosao, ou seja, limitar a ida do solo para a agua. Alem de 
ajudar o roc;ado a produzir mais, isto poderia diminuir a multiplicac;ao das 
palmeiras onde vive o barbeiro e evitar que o mercurio seja carregado para as 
aguas. * Varlas arvores foram colocadas em cons6rcio: Ac;a[, banana, arac;a -boi, acerola, 
laranja, graviola, manga, castanha-do-para, andiroba, abacaxi, inga. 

fiJ 

461 



462 

Porque uma mistura de plantas? * Cada planta produz em diferentes epocas do ano, assim a gente pode vender e consumir 
as frutas o ano inteiro. * Tern algumas plantas que produzem mais rapido (banana, abacaxi, arai;a -boi, etc.), 
enquanto, outras demoram um pouco (manga, laranja, etc.), ou demoram muito mais 
(castanha-do-para e andiroba). Mas ao Longo do tempo a gente tern muito o que 
aproveitar no lote. 

E ai, como foram feitos os plantios do PLUPH? * Foi precise queimar e adubar s6 no in[cio para limpar a area e fortalecer o solo. * Em seguida, as raizes das plantas e as fo lhas que caem das arvores nutrem o solo, e isso 
da fori;a para as plantas. Tambem, as raizes e as folhas evitam que o solo va embora, 
diferentemente do que acontece na roi;a quando tern erosao. Quando o plantio em 
cons6rcio ja esta firme e foi pra frente, ele pode lembrar urn a floresta, flea bem parecido. * Plantas que ajudam a fortalecer o solo ainda mais (como o inga e o feijao guandu) foram 
plantadas ao redor dos plantios. Assim, as ramas e as folhas dessas plantas podem ser 
colocadas no chao e vao adubar o solo. 



' - MARIA: C/£G""10S EM CASA/ GUIM'A CO!SA GUE A GENTE V1LJ NO WTE EM U"1 
DlASONE? 
-JOA<>. VERDI«! AS NOSSAS ATMDADES DlVERSlfICADAS DE USO DA TERRA NOS 
PEOOTE"1: * DIMOOIR O RISCO re TRN$1ISSAO DA OOEN(:A re C/IA6A5 E DA EXPO'SUN) >tJ ~ -* E SE l{)>P'f Nl, A IfiVISTOS ~05. PROBW'AS re SAUIJE E NO a,w 
- MARIA: POISE tEU MARlDO. T0"1ANOO DEC!SOES E TRAB>iHANOO JUNTOS. CON-, 
SE6UIRE"10S U"1 FUTURO "1EL.HOR PARA A NOSSA FA"1!L,!A 
- ISABEL.: SJ.At SABENDO TUDO !SSO. A GENTE PODE FAZfR ESCOUfAS PARA VlVER 
WI NO CNIPO CUIDN-ll>O DO "100 A"1B!ENTE E DA NOSSA SMJDE. 

FIM 
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Para mais informa~oes na regiao, pode contatar: 
Saude 

Hospital regional de Santarem 
Avenida Sergio Hein 1100, Santarem 

CEP 68020000 
Fone: (93) 2101 -6200 

Acompanhamento medico para a doen9a de 
Chagas 

Secretaria Municipal da Sat'.ide, Aveiro 
e-mail: smsaveiro@yahoo.com.br 

Fone: (93) 3505-1204, (93) 3505-1193 

SESPA - Secretaria de Estado de Saude 
Publica, Santarem 

Divisao de Endemias do 9°CRS 
Fone: (93) 9908-6835/9194-8544/523-2627 

Meio ambiente e agrlcutura familiar 

CODETER - Colegiado 
de Desenvolvimento Territorial da BR 163 

Fone: (93) 9133-0929 

EMATER - Empresa de Assistencia Tecnica e 
Extensao Rural do Estado do Para, ltaltuba 

Fone: (93) 8128-0778, (93) 3518-4120 

IPAM - lnstituto de Pesquisa Ambiental da 
Amaz6nia 

ltaltuba: Rua Lazaro de Almeida Baima, 791 
(2" Rua) - Jardim das Araras 

Fone: (93) 3518-2172, (93) 3518-1531 
Santarem: Av. Rui Barbosa, 136 

Bairro: Prainha 
Fone: (93)3522-5538/3522-5285 

SAGRI - Secretario de estado da agricultura 
ltaituba 

Fone: (93) 3518-3297 

Viveiro Floresta (Compra de mudas), ltaituba 
4° Rua, Esquina com Trav. No 57 

Bairro Floresta 
Fone: (93)3518-3196 

Programa Municipios Verdes: Aveiro, 
Rur6polis e Trairao, aonde foram realizados os 
estudos do projeto PLUPH, sao participantes 
deste programa, que e uma iniciativa do 
governo do Estado do Para. 
http://municipiosverdes.com.br/ 
Rua dos Mundurucus, 2313, Bairro Batista 
Campos 
Belem - PA CEP: 66033-718 
Fone: (91 )3222-9529 
email: atendimento@municipiosverdes.com.br 

Acosper - Cooperativa dos Trabalhadores 
Agroextrativlsta do Oeste do Para 
Rod. Santarem Cuiaba, s/n, Bairro Matinha, 
Santarem 

ldeflor 
Santarem, Enderer,:o: Av. Rosa Passos 525 -
Prainha, CEP: 68020-730, Fone: (93)8804-2073 

ITESAM - lnstituto de Tecnologias 
Sustentaveis para a Amazonia 
Assis de Vasconcelos 554, Aldeia, Santarem 
Fone: (93)35292722 

Fetagri - Federai;iio dos Trabalhadores e 
Trabalhadoras na Agricultura do Estado do 
Para 
Trav. Dom Pedro I, 1012 - Umarizal - Belem -
Para CEP: 66.050-100 
Fone: (91 )3241-2419 
Email: fetagri.pa@gmail.com 

Fundo Nacional de Desenvolvimento 
Florestal - FNDF - A comunidade deve ter uma 
associar,:ao com um CNPJ valido para obter 
apoio. 
Email: fndf@florestal.gov.br 
Fone: (61 )2028-7240 
http://www.florestal .gov.br 

F6rum dos Movimentos Sociais da BR163 
Fones: (93) 3539-1130/93 3539-1244 
http://forumbr163.blogspot.co.uk/ 
Traz informa¢es sobre projetos e a<,:Oes que 
acontecem na regiao pr6xima e no entorno da 
BR163. 
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