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Sustainable use reserves have been promoted as a way to reconcile conservation 

and development, based on the premise that non-timber forest products (NTFPs) 

provide subsistence and cash benefits to reserve residents, while protecting forests. 

These reserve polygons are highly dynamic and heterogeneous, and the livelihood 

strategies adopted by reserve residents are diverse and affected by several 

socioeconomic and ecological factors. This internal ecological socioeconomic and 

cultural heterogeneity, as well as the regional context in which these reserves are 

embedded, play important roles in how reserve residents use and manage their natural 

resources, and on the livelihood portfolios they adopt. Using the Riozinho do Anfrísio 

Extractive Reserve (RDAER) in the Brazilian Amazon as an example of a sustainable 

use reserve, the main aim of this study was to evaluate the internal socioecological 

variation to determine what factors affect forest-based and non forest-based income in 

that reserve. To assess this internal socioecological heterogeneity, this study used 

Brazil nut (Bertholletia excelsa) as a model NTFP species, and adopted a perspective 

that takes into account potential variation in Brazil nut stand quality, access to trees, 
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and ultimately, income generation across RDAER. It also evaluated the internal 

heterogeneity related to social networks within the reserve and with external actors, and 

how those social networks link to household income. To assess these variables, a 

livelihood survey, structured interviews, a social network questionnaire, and forest 

inventories were employed from 2008 to 2010. Results showed that Brazil nut makes an 

important contribution to forest-based income in RDAER, and that its contribution varies 

within the reserve mainly because of the internal socioecological heterogeneity (some 

household characteristics, Brazil nut stand quality, management and tree access). In 

addition, social networks within the reserve, but especially with external actors, were 

linked to household income as determined mainly by geographic location, formal social 

positions, and the degree of trust and interactions among reserve residents and external 

actors. These findings indicate that if Brazil nut and other NTFPs are used as a key 

focal point to reconcile conservation and development in RDAER and other sustainable 

use reserves, then policies and initiatives that aim to regulate and promote NTFPs use 

need to take into account the ecological and socioeconomic heterogeneity inherent in 

these forest products. Furthermore, the use of social network analysis proved to be 

extremely useful to determine other social factors affecting household income and the 

existence of different groups of stakeholders and their social relations, which are 

extremely important for the collaborative management of inhabited reserves. We 

conclude that the long-term viability of sustainable use reserves depends on the 

integration of their internal socioecological heterogeneity and on the adoption of 

participatory bottom-up approaches that directly address the resultant diverse 

livelihoods. 
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CHAPTER 1 
INTRODUCTION 

This PhD dissertation examines the role of the internal socioecological 

heterogeneity of sustainable use reserves in natural resource use and management, 

and in the livelihood strategies adopted in those reserves. By focusing on the 

socioeconomic and ecological aspects of the use of an important non-timber forest 

product (Brazil nut, Bertholletia excelsa) and on the social relations that reserve 

residents of the Riozinho do Anfrísio Extractive Reserve (RDAER) have within the 

reserve and with external actors, this study aims to identify and obtain a better 

understanding of how these internal socioecological dynamics influence livelihood 

strategies that are intended to suit the sustainable use reserve model. 

This dissertation is presented in three separate manuscripts prepared for 

publication in academic journals. Thus, each of these manuscripts has its unique 

aspects and can be read independently. The first manuscript, entitled “Internal 

socioecological heterogeneity shapes Brazil nut contribution to household income in an 

Amazonian Extractive Reserve”, focuses on the use and management of Brazil nut, and 

its contribution to household income in RDAER. Ecological (density, distribution, fruit 

production, and tree characteristics) and socioeconomic (access to trees, management 

practices adopted, and household characteristics) variables were evaluated to identify 

which factors influenced forest-based and total household income in this extractive 

reserve. The findings show that Brazil nut makes an important contribution to forest-

based income in this reserve, and that its contribution varies among RDAER regions 

due to internal socioecological heterogeneity (mainly Brazil nut stand quality, 

management practices and trees access, and some household characteristics). 
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The second manuscript “Social networks and income in a sustainable use reserve” 

aims to provide insights for understanding the social relations that reserve residents 

have within this polygon, but also with external actors, and how these relations relate to 

conservation and development initiatives taking place in those reserves. This 

manuscript demonstrates the potential use of social network analysis to understand 

social network structures of sustainable use reserves, and to identify the main actors 

that could be useful to foster participation and collective action for reserve management. 

It also proved to be extremely useful in linking household income, mainly sourced from 

forest and non forest-based activities, with the social relations that reserve residents 

have with external actors. 

Finally, the third manuscript “Heterogeneity inside the extractive reserve polygon: 

Ignoring socioecological variation and livelihood outcomes at the peril of long-term 

reserve viability” discusses the importance of socioeconomic and ecological 

heterogeneity existing in sustainable use reserves, and the livelihood portfolios 

influenced by this heterogeneity. By using the example of Riozinho do Anfrísio 

Extractive Reserve, and the internal socioecological heterogeneity found and discussed 

in the previous chapters, this study provides insights into the importance of this internal 

heterogeneity for sustainable use reserve management and the long-term viability of 

these conservation units. 

Each of these manuscripts is a result of the contribution of colleagues from 

University of Florida as well as from partners of the Eastern Amazon, where I carried 

out my fieldwork. Each submitted paper will recognize key contributions of these 
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individuals through co-authorship; hence the use of third person plural versus first 

person in these chapters within the dissertation. 

What is the Problem? 

The high rates of deforestation and biodiversity deterioration in tropical forests 

have resulted in a search for forest uses that provide economic incentives for their long-

term retention (Anderson 1990). Because approximately 80% of the population living on 

forest areas in developing countries is strongly dependent on forest resources to pursue 

their livelihoods based mainly on subsistence activities, trade in tropical forest products 

and particularly non-timber forest products (hereafter, NTFPs), has been pursued as a 

strategy that may allow forest conservation while improving local well-being. Devolution 

of forest rights to rural communities is also expanding due to the struggle of indigenous 

and traditional people to defend their lands and livelihoods. In parallel, the poor 

conservation outcomes that followed decades of top down resource management 

strategies and planned development (Allegretti 1990) have forced policy makers and 

developers to reconsider the role of forest-based communities and recognize the 

importance of customary laws for resource use and conservation. As a consequence, 

participation of local residents is seen as a fundamental part of sustainable use and 

management of natural resources (Colfer & Byron 2001) and sustainable use reserves 

emerged as a strong conservation strategy to reconcile conservation and development. 

Sustainable use reserves are government-owned conservation units designated 

for sustainable use and conservation of common-pool resources, but also individually-

designated resources, by traditional communities (Allegretti 1990). The initial 

assumption behind these types of conservation units is that non-timber forest products 

(NTFP) would sustain a forest economy that will provide better income to extractive 
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communities while ensuring forest conservation. However, these reserve polygons 

present a range of socioeconomic and ecological characteristics, and are highly 

internally dynamic (Ankersen & Barnes 2004). Indeed, they are embedded in different 

regional contexts, which also imply that they are subject to a variety of external forces. 

The livelihood strategies adopted by resident communities are influenced by a diversity 

of different factors, such as natural resources access and quality, cultural, historical and 

institutional aspects, labor availability, education levels, and market integration (Peralta 

& Kainer 2008; Pyhälä et al. 2006; Shone & Caviglia-Harris 2006), but also historical, 

socioeconomic and ecological contexts in which these communities are embedded. 

Indeed, recent studies have shown a tendency of transformation of these traditional 

livelihood strategies (Campbell 1996; Castelo 1999; Ehringhaus 2006; Gomes 2001; 

Stone 2003; Vadjunec 2009; Wallace 2004), which are in part a response to those 

external forces. Even though these studies have shown the occurrence of livelihood 

changes in extractive reserves, only a few have analyzed the socioecological internal 

dynamics of these reserves, and how they influence the adoption of livelihood portfolios 

that can contribute to the conservation and development of these polygons (Brown & 

Rosendo 2000; Gomes 2009; Salisbury & Schmink 2007). 

In this context, it is essential to incorporate the internal socioecological dynamics 

of sustainable use reserves and to understand how this internal heterogeneity 

influences the diverse livelihood portfolios. Forest-based and non forest-based 

household income is determined by those factors, and the lack of integration of this 

knowledge when implementing and managing these reserves can compromise their 

final goals, which are to conserve the natural resource uses while protecting the 
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traditional way of life of the communities dependent on those resources, and improving 

their livelihoods in a way that is compatible with these goals. 

The Place and Community Involved 

The research underlying this dissertation was carried out in Riozinho do Anfrísio 

Extractive Reserve, located in Pará state, in the Eastern Amazon of Brazil. This 

Reserve was created by a presidential decree in 2004, mainly as a result of a very well-

articulated alliance between social and environmental movements in response to a 

process of land speculation and violence in the region (Campos & Nepstad 2006). This 

extractive reserve protects 736,430 ha of mature, old growth forest, and hosts around 

26 households (ISA 2006). These forest-dwelling families are dispersed, isolated, and 

without access to health care or education. They live by subsistence agriculture, 

hunting, fishing and collection of forest products (Rocha et al. 2005). To sell their 

production, RDAER families depend on itinerant traders, or regatões, who often 

manipulate prices and foster dependency, but also being historically important as 

providers of information and market access. 

Contemporary members of these families are descendants of migrants from the 

Brazilian Northeast who arrived in the region to tap rubber in the late nineteenth and 

early twentieth centuries. At that time, approximately 500,000 people migrated to the 

Amazon region as a result of a rapid process of occupation of this region in response to 

increased demand for rubber by industrialized nations (Allegretti 1990). The collection 

and processing of rubber were carried out by these migrant families, who were inserted 

from the start in a highly regressive system of debt peonage. Despite numerous 

financial crises, rubber tapping continued in the region until the middle of twentieth 

century, when this activity was replaced by jaguar skin commercialization (1975-1997). 
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Even though RDAER families viewed jaguar skin commercialization as one of the more 

profitable activities, it still was carried out in the same debt peonage system that 

dominated the rubber tapping activity (Rocha et al. 2005). In addition to the 

predominance of these two activities, Brazil nut, andiroba (Carapa guianensis) and 

copaiba (Copaifera langsdorffii) harvests were conducted and continue to be important 

natural resources for the RDAER family outcomes in this extractive reserve (Rocha et 

al. 2005). 

RDAER can be divided into three ecological and socioeconomic regions, which 

are self-recognized by RDAER residents: the Upper, Middle and Lower Riozinho 

regions. These three regions present different historical socioeconomic dynamics, 

mainly as a result of differences in seasonal river access; during the summer season, 

the Upper region and some of the Middle region residents become completely isolated. 

In the past, these families received an advanced payment (food and supplies) from 

rubber barons at the beginning of the summer season to survive during this hard time. 

During the winter season, these residents used their Brazil nut production to pay for the 

supplies received in advance.  

Recently, this RDAER internal division was highlighted by a conflict generated 

when residents of the Upper region opposed the Reserve creation, while Lower region 

residents supported it. The conflict was generated mainly because of the different 

perspectives of residents and their contact with external actors. The Upper residents, at 

the time of the Reserve creation, were in frequent contact with ranchers, loggers and 

land grabbers that entered the Reserve, coming mainly from the cities of Trairão and 

São Félix do Xingu through the Western borders of the Reserve (Rocha et al. 2005). On 
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the other hand, during the same period, residents of the Lower region were contacted 

by non-governmental organizations and government agencies that offered the 

possibility of extractive reserve creation in an attempt to stop the deforestation 

promoted by these land grabbers, loggers, and ranchers, providing land security to 

Riozinho residents (Rocha et al. 2005). 

My preliminary research clearly revealed that Brazil nut is currently the most 

important source of income of RDAER residents, mainly in the Middle and Lower region 

of the Reserve. These families have collected Brazil nuts traditionally for decades and 

have tremendous knowledge regarding this natural resource. Less important NTFPs, 

but also contributing to household income in RDAER, are copaiba, andiroba and fish. 

Recently, manioc flour and other agriculture products have become an important 

complement for family incomes, especially in the Upper region where families are less 

engaged with Brazil nut harvests.  

Expected Broader Impacts of this Study  

This study responds to the need for a comprehensive analysis of the overall 

understanding of the socioecological factors that influence the diverse livelihood 

portfolios found within sustainable use reserves. It was argued that the social relations 

that reserve residents have within the reserve, and with external actors, need to be 

integrated with the physical, biological, geographic and social variation taking place 

within these polygons. This heterogeneity has an important role in the adoption of 

livelihood strategies that could potentially meet conservation and development goals.  

In the global context, sustainable use reserves are touted as an ideal model of 

forest conservation for tropical regions worldwide. Thus, this research will be relevant to 

biodiversity conservation and community-based development initiatives currently 
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underway across the tropics. Information presented herein will also contribute to a wide 

range of regional and national needs, and natural resources use and management 

programs that aim to foster sustainable forest livelihoods and biodiversity conservation. 

At a community level, this research will provide the baseline information needed to build 

a management plan for RDAER, and also specifically for Brazil nut, which is an 

important resource supporting long-term sustainable use in this reserve. The results of 

this research should be equally informative for grassroots organizations and 

government institutions responsible for forest conservation and development initiatives 

as well as other related approaches in Amazon region. 

 



 

24 

CHAPTER 2 
INTERNAL SOCIOECOLOGICAL HETEROGENEITY SHAPES BRAZIL NUT 

CONTRIBUTION TO HOUSEHOLD INCOME IN AN AMAZONIAN EXTRACTIVE 
RESERVE 

Non-Timber Forest Products and Conservation 

Approximately 80% of the population from developing countries depends primarily 

on forest products, mainly non-timber forest products (NTFPs), for income, food, and 

medicine (FAO 1995; Shackleton & Shackleton 2004; Ahenkan & Boon 2008). Many 

scholars have advocated NTFP extraction and trade as an important tool for supporting 

traditional forest livelihoods and sustainable forest management (Belcher et al. 2005; 

Ahenkan & Boon 2008 and 2010). The widely held assumption that NTFP extraction is 

typically less ecologically destructive than timber extraction helped to strengthen 

awareness of the environmental benefits of this forest use strategy (Neumann & Hirsch 

2000). Nonetheless, there remain conflicting conclusions about whether NTFPs 

promote conservation as well as improve livelihoods of forest peoples (Salafsky & 

Wollenberg 2000; Arnold & Ruiz-Pérez 2001; Kusters et al. 2006). This ambiguity stems 

from the ecological, socioeconomic and cultural complexity of NTFP use. NTFP uses 

vary widely, even at a small scale, because of the socioeconomic, demographic and 

geographic variability that exists within communities (Coomes & Burt 2001; Mahapatra 

et al. 2005; Belcher et al. 2005; Newton 2011). This community heterogeneity is 

matched by that of the NTFPs available for harvest, including types of NTFPs exploited, 

intensity and frequency of harvest, and relative contribution of those products to user 

welfare (Cavendish 2000; Janse & Ottitsch 2005). Furthermore, Ahenkan and Boon 

(2010) argued that NTFP policy failures can often be traced back to a lack of adequate 

and detailed species and product information, and suggested that more detailed 
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information on any given NTFPs is needed if it is to be used as an effective tool to 

reconcile conservation and livelihood improvements. However, a few studies have 

integrated resource heterogeneity, such as quality and availability, with the 

socioeconomic aspects related to them (although see Takasaki et al. 2010; Newton 

2011). 

In the Brazilian Amazon the promise of NTFPs to reconcile conservation and 

sustainable development is exemplified in the extractive reserve model. Extractive 

reserves are government-owned conservation units designated for sustainable use and 

conservation of common-pool resources by traditional communities (Allegretti 1990). 

The central assumption behind extractive reserves is that the traditional management 

regimes of reserve residents are sustainable and thus the standing forests on which 

they depend for their livelihoods will also persist in the long term (Allegretti 1990; Hall 

1997). The policy goal of the extractive reserve model that poverty alleviation can be 

reconciled with resource conservation is attractive, and has resonated globally, even 

precipitating a new World Conservation Union (IUCN) protected area designation of 

Managed Resource Protected Areas. Three decades later in the Brazilian Amazon 

alone, there are 44 federal Extractive Reserves (RESEX), 19 Sustainable Development 

Reserves, conceptually akin to RESEX, and 26 state Extractive Reserves, comprising 

approximately 25 million ha of forests (ICMBio 2011). 

Like other conservation areas, extractive reserves comprise socially and 

ecologically complex systems where a large number of relevant variables and their 

interactions influence how residents operate at multiple levels. While federal and/or 

state designation imparts clear definition of the external reserve boundary, internally 
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these spaces present a range of ecological and socioeconomic characteristics that are 

highly dynamic (Ankersen & Barnes 2004). As reserves mature over time, variation in 

quality, access and management of natural resources, and differences in household 

characteristics inside the reserve polygon, determine whether residents continue to 

embrace livelihood strategies that foment conservation or whether they pursue less 

sustainable economic opportunities. 

Because of its basin-wide distribution, its significance in global markets, and its 

potential for sustainable use and forest conservation, Brazil nut (Bertholletia excelsa) 

has played a key role in the designation of many Brazilian extractive reserves 

(Campbell 1996; Assies 1997). Additionally, Brazil nut is one of the few economically 

important NTFPs under the control of poor people, and has become the principal 

resource that prevents marginalized community members from becoming even more 

impoverished (Collinson et al. 2000; Escobal & Aldana 2003; Stoian 2005). However, 

even with the massive international and domestic investments applied to these 

conservation units and to the promotion of forest products such as Brazil nut, resident 

communities still face poverty, and recent studies have shown a tendency for these 

traditional livelihood strategies to transform to alternatives that can compromise 

conservation goals (Wallace 2004; Salisbury & Schmink 2007; Gomes 2009). Several 

factors can be enumerated as drivers of these changes, but certainly one is the lack of 

integration of the well-adapted and traditional management strategies with policies and 

initiatives that aim to promote the use and trade of forest products (Schmink & Wood 

1987; Coomes & Burt 2001). In addition, there is a tendency to invest solely in what is 

considered the most important forest products, without taking into account the likely 
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variation in distribution and quality of these species across the reserve or the 

accompanying variation in how reserve residents might invest and depend on these 

products. 

In this study we aim to understand the role of the internal socioecological 

dynamics of Brazil nut identified as a key forest product to achieve conservation and 

development goals in Riozinho do Anfrísio Extractive Reserve (RDAER) in Pará, Brazil 

(Rocha et al. 2005). The known existence of Brazil nut across the reserve coupled with 

the joint conservation and livelihood promise of this NTFP generated great enthusiasm, 

and was one of the main aspects that determined selection of the extractive reserve 

model for this particular geographic area, ultimately resulting in the creation of RDAER 

in 2004.  Thus, our main question is to what extent do the benefits of this particular 

NTFP extend to all residents within this reserve? More specifically, we ask: 

 How does Brazil nut stand quality [densities, distribution by diameter at breast 
height (dbh), tree characteristics, counted and reported fruit production] vary within 
RDAER?  

 How do Brazil nut tree access and management practices vary within RDAER? 
and, 

 How does this Brazil nut variation and differences in household characteristics 
affect forest-based household income derived from Brazil nuts? 

The strong emphasis on Brazil nut as a potential forest product that could provide 

enough income to reserve residents while meeting reserve conservation goals has not 

been adequately evaluated to date. Our study seeks to fill that gap by adopting a 

perspective that takes into account potential variation in NTFP quality, access and 

ultimately income generation across the reserve. Our work also provides insights into 

the importance of integrating internal socioecological heterogeneity within conservation 
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units, where external boundaries are well-defined, but internal spaces are not as well 

understood. 

Riozinho do Anfrísio Extractive Reserve 

RDAER is located in the municipality of Altamira, Pará state, in the Eastern 

Amazon of Brazil (54°39’18.28"W, 4°45’33.98"S) (Figure 2-1). It was created by 

presidential decree in 2004, mainly as a result of a very well-articulated alliance 

between social and environmental movements in response to a process of land 

speculation and violence in the region (Campos & Nepstad 2006). The reserve 

encompasses 736,430 ha of mature old-growth forest and hosts around 26 households 

or approximately 300 people (ISA 2006). The RDAER region is characterized by a hot 

and humid climate, with an annual mean temperature of 27°C, and annual mean rainfall 

of 1885 mm (Silva 2007). The forest-dwelling families are dispersed, isolated, and 

without access to health care or education. They live by subsistence agriculture, 

hunting, fishing and collection of forest products (Rocha et al. 2005). To sell their 

production, RDAER families depend on itinerant traders, or regatões, who often 

manipulate prices and foster dependency, but are also historically important providers of 

information and market access.  

Contemporary members of these families are descendants of migrants from the 

Brazilian Northeast who arrived in the region to tap rubber in the late nineteenth and 

early twentieth centuries. The collection and processing of rubber were carried out by 

these migrant families, who were inserted from the start in a highly regressive system of 

debt peonage. Even though Brazil nut was economically less important than rubber for 

decades, resident families have traditionally harvested it since their arrival, and with the 

decline of rubber production in the middle of twentieth century, Brazil nut became the 
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most important forest product to RDAER families. Other less important NTFPs that may 

also contribute to household income include copaiba (Copaifera spp.), andiroba 

(Carapa guianensis), fish, and game. While some NTFPs have a broad distribution 

across the entire reserve, others are more concentrated in specific regions.  

Nowadays RDAER families still rely on itinerant traders to sell their Brazil nuts and 

other forest products mainly because of the remoteness of RDAER and thus high costs 

of transportation. The Brazil nut value chain in that region is controlled by one family 

from Belém, the capital city of Pará, which buys the entire Brazil nut production from 

Altamira sellers and also subsidizes the itinerant traders operating in RDAER. Thus 

differences of Brazil nut income among RDAER families are not a consequence of price 

variation, but rather of Brazil nut harvest intensity. 

RDAER is commonly divided into three ecological and socioeconomic regions, 

which are self-recognized by RDAER residents: the Upper, Middle and Lower Riozinho 

regions (Figure 2-1). Each of these three regions presents unique dynamics due to 

distribution of natural resources, differences in seasonal river access, and access to the 

surrounding cities. During the dry season, the residents in the Upper and parts of the 

Middle region become completely isolated, without access to Altamira because of the 

lower level of water in the Riozinho do Anfrísio river (Figure 2-1). Even though Upper 

river residents have some access to Itaituba (the closest city of RDAER – Figure 2-1), 

the use of this access is extremely limited since they have to walk for several days 

along an old logging road to reach the city. This isolation was even recognized during 

the rubber era, when these families received an advance of food and supplies from 

rubber barons to survive the dry season.  
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Methods 

To evaluate the Brazil nut socioeconomic and ecological variation within RDAER 

we employed a livelihood survey, structured interviews, and forest inventories from 

2008 to 2010. The livelihood survey, applied to 23 of 26 total households (85%), 

provided information on household socioeconomic characteristics, total household 

income, and the Brazil nut contribution to total income. Structured interviews of 24 

members of these same households were used to determine Brazil nut management 

practices and household access to Brazil nut trees. In addition, a subset of 6 

households was randomly selected for forest inventories to assess Brazil nut stand 

quality (i.e., densities, distribution by diameter at breast height (dbh), tree 

characteristics, counted and reported fruit production). 

Livelihood Survey 

A livelihood survey adapted from the Center for International Forestry Research 

Poverty and Environment Network (CIFOR PEN; http://www.cifor.org/pen/research-

tools/the-pen-prototype-questionnaire.html) was administered to the head (typically 

male) of 23 of the total 26 households in the entire Reserve, and when possible, 

discussions were conducted with participation of other household members. We 

recorded general household characteristics such as time of residence, household size, 

age and schooling of the head of household, and calculated a household dependency 

ratio (household consumers: household producers). Total household income was 

quantified as all forest and agricultural products that were sold or traded plus wage 

labor, social benefits from government, and other minor sources of external economic 

support (e.g. mining). Forest products included both unprocessed forest products 

(mainly Brazil nuts, copaíba, andiroba, rubber, honey, and fish) and processed ones 

http://www.cifor.org/pen/research-tools/the-pen-prototype-questionnaire.html
http://www.cifor.org/pen/research-tools/the-pen-prototype-questionnaire.html
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(baskets, brooms, canoes, and paddles). Data on the amount of game consumed was 

not collected since most of the interviewees could not provide accurate information on it. 

Hunting is an activity that is performed by all RDAER residents and there are no 

restrictions on game consumption in RDAER (no published data). Agricultural products 

quantified were mainly manioc, but also chickens. With this detailed information we 

calculated total household income and the proportion of it sourced from Brazil nuts. 

Income is presented in Brazilian Reais (1 U.S. dollar  1.5 Brazilian reais) and refers to 

the year of 2009. 

Structured Interviews 

Within the 23 households, structured interviews were applied to 24 adult members 

of these households who harvest Brazil nuts to gather information on access to Brazil 

nut trees and practices used to manage individual trees and stands. Tree access was 

defined as the walking time (minutes) to reach the closest and the second closest Brazil 

nut stands that were most frequently harvested. To understand stand and tree 

management, we selected eight Brazil nut management practices frequently adopted by 

other Amazonian communities (Kainer et al. 2007; Duchelle 2009): (1) clearing of Brazil 

nut trails, (2) use of fire underneath individual trees to facilitate harvest, (3) Brazil nut 

enrichment plantings, (4) clearing around seedlings and saplings, (5) purposefully 

protecting seedlings and saplings, (6) liana cutting, (7) slashing the outer bark of mature 

trees (regionally referred to as “bleeding”, because of the red color of Brazil nut sap 

exuded when slashed), and (8) washing nuts after harvest.  Using this list, we asked 

each household member if they practiced these activities in their stands. Finally, we 
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also asked harvesters the number of times they returned to their trees within the same 

Brazil nut season. 

Forest Inventories 

Forest inventories were conducted on landholdings of a subset of six RDAER 

households, using an initial regional stratification to ensure representation by 

households across the length of the Riozinho do Anfrísio river (two in the Lower, three 

in the Middle, and one in the Upper) (Appendix A). All Brazil nut trees ≥ 50 cm dbh 

(diameter at breast height) in the most frequently harvested stands by each of these 

households were geo-referenced (latitude, longitude, and altitude) using a Garmin 

GPSmap 60CSx unit. Dbh was measured using a steel diameter tape, and fruit 

production as reported by the household head (average amount of Brazil nuts harvested 

per year in terms of number of boxes: 1 box  22 kilos) was also collected for each tree 

mapped. 

To collect more detailed data on Brazil nut population structure, tree 

characteristics, and fruit production by household, we sampled the active stands 

described above where Brazil nuts were currently collected as well as nearby forest 

areas where harvesting was not conducted. To sample active stands, we randomly 

selected one Brazil nut trail previously mapped within each of the six households, and 

then within that trail, randomly selected 25 Brazil nut trees ≥ 50 cm dbh, a diameter 

cutoff at which Brazil nut trees are assumed to be reproductively mature (Kainer et al. 

2007). In addition, from each of these stands, one transect (2500m x 40m = 10 ha) was 

done to sample a typically unharvested forest (Appendix A). Start point and direction of 

these unharvested transects were randomly selected by obtaining GPS points every 50 
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m when walking the active Brazil nut trail, randomly selecting one of these GPS points, 

and then randomly selecting one of eight possible geographical directions (N, NE, E, 

SE, S, SW, W, NW, respectively) for the transect. After start point and direction were 

defined, we checked to ensure there was no overlap with active Brazil nut trails. If 

overlap did exist, then the opposite direction was selected, and if the opposite direction 

still overlapped an active stand, then a completely new direction was randomly selected. 

Within each of these transects, all Brazil nut trees ≥ 10 cm dbh were mapped and 

measured. 

Brazil nut tree characteristics (liana loads, crown form and crown position) and fruit 

production data were collected for all trees ≥ 50 cm in both active trails and unharvested 

transects, following the same methods described in Kainer et al. (2007). Thus, liana 

loads were categorized by: (1) no lianas, (2) ≤ 25% crown covered, (3) 25-75% crown 

covered, and (4) > 75% crown covered. Crown form categories were defined using a 

method adapted from Synnot 1979: (1) complete or irregular circle (perfect or good), (2) 

half-crown (tolerable), (3) less than half-crown (poor), and (4) one or a few branches 

(very poor). Finally, crown position also was scored using four categories: (1) dominant 

(full overhead and side light), (2) co-dominant (only full overhead light), (3) intermediate 

(some overhead or side light), and (4) suppressed (not receiving direct light). The 

opinion of at least 3 people went into determination of these characteristics: the main 

researcher, a field assistant, and the local Brazil nut harvester. 

Brazil nut densities for trees ≥ 10 cm dbh were ascertained using data from the 

unharvested transects (10 ha transects sampled from each of six stands).  This resulted 

in a total sampled area within the Reserve of 60 ha. 
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Finally, fruit production was measured in two ways: counted fruit production and 

reported fruit production. For the former, number of fruits found below the tree crown 

area was counted for each mature Brazil nut tree sampled in the trails and transect. 

Fruit counting was performed at the end of February, after fruit fall and before the Brazil 

nut harvest began. During the period of fruit counting a few previously selected Brazil 

nut trees were replaced by other trees located on the same trail since some fruit fall 

areas overlapped. 

Data Analysis 

To understand the Brazil nut internal socioecological heterogeneity among 

RDAER regions, we initially generated descriptive statistics for (1) Brazil nut stand 

quality, (2) access to Brazil nut stands and management practices performed, and (3) 

household characteristics, income from Brazil nuts, forest-based income, and total 

household income. Brazil nut stand quality in this study was defined using measured 

Brazil nut biological data (density, tree dbh, liana loads, crown form, crown position and 

counted fruit production) and reported production. 

As a second step in our analysis we calculated Pearson’s correlation coefficients 

for all pairs of measured variables and performed several statistical analyses to 

evaluate how different variables explained Brazil nut stand quality, access to Brazil nut 

trees, management practices, household characteristics, and household income derived 

from Brazil nut heterogeneity within RDAER. Considering that the forest inventories 

were performed on a subset of households, and that structured interviews and livelihood 

surveys were conducted on approximately 85% of RDAER households, we estimated 

different statistical models to explain Brazil nut stand quality, tree access and 

management as well as household characteristics and income variation. These diverse 
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models were tested using various independent (predictor) variables and combinations 

thereof, and residual analyses were used to check model validity. All data analyses 

were performed with SAS statistical software, version 9.2 (SAS 2004), with significance 

defined at p<0.05. 

Brazil nut stand quality 

Models of Brazil nut stand quality (density, tree dbh, liana loads, crown form, 

crown position, counted and reported fruit production) were estimated from the subset 

of households in which we collected forest inventory data, and models were fitted to test 

RDAER internal variability of Brazil nut stand quality with three predictor variables. First, 

instead of using the originally designed regional stratification of RDAER, we used 

distance from the river mouth to each inventoried Brazil nut tree encountered in both 

trails and transects along the length of the Riozinho do Anfrísio river. Thus, a 

continuous “tree distance” variable was created based on the location of each tree 

relative to the river mouth. The other predictor variables incorporated in our Brazil nut 

stand quality model were “tree location type”, a categorical variable indicating if the tree 

was located on an existing collection trail versus a random transect, and tree altitude (m 

above sea level). 

We estimated General Linear Mixed models to predict Brazil nut density, dbh, 

liana load, crown form, crown position, counted and reported fruit production with the 

SAS procedure PROC MIXED. We used the General Linear Mixed model to account for 

possible correlation among trees sampled within the same trails. Reported and counted 

Brazil nut fruit production variables were also square root transformed to ensure that 

statistical assumptions were met. 
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Brazil nut tree access and management, household characteristics and income 

In contrast, data for Brazil nut tree access, management practices, household 

characteristics, income from Brazil nuts, forest-based income, and the total household 

income were collected in 23 of 26 households along the entire length of the Reserve. 

For these variables we considered the original regional stratification of RDAER and 

used “region” as our predictor variable. Here, we also estimated General Linear models, 

but with “region” as our predictor variable. Finally, to understand internal RDAER 

variation regarding Brazil nut management practices we performed a Chi-Square test 

using the SAS procedure PROC FREQ and determined if the distribution of households 

that frequently performed the management practices described above differed by 

region. 

Results 

Brazil Nut Stand Quality 

Density and dbh distribution 

Ninety-five Brazil nut trees ≥ 10 cm dbh were found in the 60 hectares of transects 

inventoried, resulting in a Reserve-level density of 1.58 individuals per hectare. Brazil 

nut density increased steadily from the Lower to the Upper region (Table 2-1). 

Distribution of transect trees by dbh categories showed some variation by region 

(Figure 2-2); however, when considering both transect and trail trees (1276 trees total), 

dbh was not explained by tree distance (p = 0.2064, Table 2-2), meaning that dbh was 

not significantly related to distance of any given Brazil nut tree to the mouth of the 

Riozinho do Anfrísio river. The mixed model for dbh as a function of X, Y, and Z 

indicated that dbh varied significantly by tree location type (p < 0.0001, Table 2-2); trees 

located on trails had greater diameters than those found in transects (Table 2-1). 
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Tree characteristics 

Two hundred and forty-eight Brazil nut trees ≥ 50 cm dbh were encountered in 

trails and transects, and used to study tree characteristics in more detail. Liana loads 

were significantly different by tree location type (p < 0.01) (Table 2-2), such that trees on 

trails, frequented by residents who seasonally collect Brazil nuts, had fewer lianas than 

those located on rarely-visited transects. The model also detected an interaction effect 

between tree altitude and location (p < 0.01) (Table 2-2). Brazil nut trees on trails 

tended to average slightly lower altitudes (x̄ = 201 m 3 m) than those on transects (x̄ = 

222m 3 m), and trail trees at the lowest altitudes tended to present crowns with limited 

liana coverage while crowns of transect trees at the lowest altitudes tended to present 

greater liana coverage. 

Crown form was significantly different by tree altitude (p < 0.05) and tree distance 

(p < 0.01) (Table 2-2), such that the further trees were located from the mouth of the 

Riozinho do Anfrísio river, the poorer their crown forms. Translating this finding to 

regions, trees in the Lower and Middle regions tended to have better crown forms (97% 

and 93% in the “good” and “tolerable” categories combined, respectively) than those in 

the Upper region (76%) (Figure 2-3). Finally, more than 95% of the Brazil nut trees 

inventoried had dominant crown positions, and therefore, no statistical differences were 

observed for this variable. 

Reported and counted fruit production 

Fruit production was reported by harvesters (in number of boxes) for 956 trees out 

of the 1276 mapped Brazil nut trees. Descriptive statistics of the 2009 harvest showed 

that households from the Lower and Middle regions harvested roughly 2 ½ to 3 times 
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more Brazil nuts (662 and 731 boxes per region, respectively) than households from the 

Upper region (242 boxes) (Table 2-1). Our best fit model, however, detect a clear 

relationship between reported production and distance of tree from the mouth of the 

Riozinho do Anfrísio river (p = 0.1112) (Table 2-2). 

Counted fruit production, based on a smaller sample of 128 reproductively mature 

trees in 6 trails and 6 transects, showed a slight tendency to be explained by tree 

distance (p = 0.0952) (Table 2-2). Descriptive statistics again showed that Upper region 

trees produced fewer fruits (Table 2-1); however, this value was similar to counted fruits 

of the Middle region, both of which were over three times lower than total counted fruits 

in the Lower region (Table 2-1). 

A comparison of the reported and counted fruit production reveals the 

inconsistency that even though counted fruit production was more than 3 times less in 

the Middle region, those residents reported harvesting a slightly larger number of boxes 

than the Lower region and 3 times more Brazil nut boxes than residents of the Upper 

region (Table 2-1). Finally, tree location type was a significant predictor of counted fruit 

production in RDAER (p < 0.05) (Table 2-2) with mean counted fruits higher on trails 

than in transects across all regions (Table 2-1). 

Brazil Nut Tree Access and Management Practices 

Although not statistically significant, households in the Lower and Middle regions 

may have better access to Brazil nut trees. On average, the closest Brazil nut stands for 

residents in these regions were less than one and two hours away respectively, while 

those in the Upper region walked an average of almost five hours to reach their closest 

Brazil nut stands (Figure 2-4A and Table 2-3). Indeed, Upper region residents also lived 
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almost 3 times further from their second closest Brazil nut stands than residents in the 

other two regions (Figure 2-4B and Table 2-3). 

Among the Brazil nut management practices studied, only liana cutting was 

significantly different by region (p > 0.01) (Figure 2-5). While almost half in the Lower 

region and six of seven Middle region residents performed this task, none of the Brazil 

nut harvesters in the Upper region cut lianas (Figure 2-5). Overall, the most frequently 

performed management practices by RDAER residents were clearing of Brazil nut trails 

and washing of harvested nuts, the latter required by local buyers. Harvesters 

expressed no knowledge of “bleeding” Brazil nut trees, and thus, they did not perform 

this practice. 

Finally, the number of return-visits to harvest Brazil nuts in the same season was 

statistically significant by region (p < 0.05) (Figure 2-6). While households from the 

Middle region returned to harvest their trees an average of 4.4 times, those in the Lower 

region returned an average of 2.8 times. In contrast, households from the Upper region 

returned to harvested trees only 0.8 times on average within the same Brazil nut season 

(Table 2-3). 

Households Characteristics and Income 

Of all characteristics studied to understand household variation by region, only 

household size was significantly different by region (p < 0.0001); results showed a 

decrease in average household size from the Lower to the Upper region (Table 2-3). 

Although not significantly different, there was a tendency for heads of households in the 

Upper region to be younger, have attained higher levels of schooling, and have a higher 

household dependency ratio, meaning a higher number of consumers to producers in 

the household (Table 2-3). Finally, average residence time in the Reserve was similar 
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among regions (x̄ = 38 ± 13 years); however, when examining how long families had 

lived at their current landholding, those in the Upper region had spent far fewer years in 

their current residence than families of the Lower and Middle regions (Table 2-3). 

Total household income was not statistically different by region (p = 0.8623); 

however some tendencies in NTFP income were detected, with a trend for families to 

increasingly invest more in processed forest products the closer they were to the mouth 

of the Riozinho do Anfrísio river (Table 2-3). Middle region households tended to have a 

higher proportion of their income from forest resources than those in the Lower and 

Upper regions (p= 0.1064), and though not statistically different (p = 0.2271), the 

contribution of Brazil nut to household income in this same region was almost three 

times higher (23%) than in the Upper region (9%) (Table 2-3). Finally, when considering 

only forest-based income, Brazil nut contribution to forest-based income was 

significantly different by region (p = 0.0524); decreasing as one gets further away from 

the mouth of the Riozinho do Anfrísio river (Table 2-3). Descriptive statistics showed 

that the contribution of processed forest products to total household income in RDAER 

was only 7 to 16% across the three regions. 

Discussion 

Our findings confirm that Brazil nut makes an important contribution to forest-

based income in Riozinho do Anfrísio Extractive Reserve in the Brazilian Amazon, and 

that its contribution varies among RDAER regions due to internal socioecological 

heterogeneity. This information can serve to guide initiatives that aim to improve Brazil 

nut household income, and to construct a Brazil nut management plan that guarantees 

the long-term sustainability of this important species in RDAER. 
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More broadly, our findings bring to light the importance of carefully analyzing the 

ecological and socioeconomic factors that determine use and management of natural 

resources by extractive reserve residents, especially the key NTFPs resident families 

rely on for their livelihoods. The extractive reserve model has been created to conserve 

a wide range of natural ecosystems, from the Amazon rainforest to mangroves and 

coastal areas. Even though reserve residents are apparently similar in the way that they 

use and manage their natural resources across these areas, their economic portfolio 

varies significantly according to their socioecological context. The internal heterogeneity 

of extractive reserves defined at a fine scale, such as the spatial distribution of natural 

resources and household structure, has a strong influence on resident engagement with 

different economic activities. To be a successful conservation unit, reserve 

implementation and management must take into account this internal socioecological 

heterogeneity to incorporate the locally specific and often diverse economic repertoire at 

hand, and thus, guarantee reserve viability in the long run. 

Brazil Nut Socioecological Heterogeneity 

Brazil nut density and distribution 

Using random transects we found a density of Brazil nut trees in RDAER of 1.58 

trees ha-1, which is similar to densities found in other Brazilian Amazon regions 

(Campbell et al. 1986; Peres & Baider 1997; Wadt et al. 2005). Densities among 

RDAER regions varied from 0.9 to 2.7 trees ha-1 (Table 2-1) and can be attributed to 

methodological issues, such as the difference in the number of transects sampled in 

each RDAER region, or simply local variation of tree densities in this region. Peres and 

Baider (2003) also found local variation in Brazil nut densities in their study area at the 

Kayapó Indigenous Land, which is located in the same general region as RDAER, and 
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attributed it to the presence of Brazil nut groves. Even though we did not analyze the 

spatial distribution of Brazil nut to assess a random or clustered distribution, many 

RDAER residents acknowledge the presence of these groves, which they call “bolas de 

castanha” (Brazil nut balls). 

Results of dbh distribution at the reserve level (Figure 2-2) are similar to 

distributions found in other Amazon regions, with the highest presence of trees with 100 

≤ dbh ≥ 200 cm (Salomão 1991 and 2009); Zuidema & Boot 2002; Peres et al. 2003). 

However, average dbh in RDAER (x̄ = 120.7 ± 55.6 cm, Table 2-1) was higher than 

average diameters found in other extractive reserves or indigenous lands (Peres & 

Baider 1997; Wadt et al. 2005), but similar to some populations in Peres et al. (2003). 

These authors argued that persistently harvested populations present an average dbh > 

100 cm, and that Brazil nut populations with a higher average dbh and a low frequency 

of juvenile trees, such as in RDAER, are a result of overexploitation, and serve as an 

alert for the potential failure of recruitment in these populations. 

We do not believe, however, that contemporary overexploitation necessarily 

explains our dbh distributions, but rather a possible combination of past land use 

patterns and natural disturbances. Natural Brazil nut regeneration depends on canopy 

openings such as forest gaps and large-scale blowdowns (Baider & Peres 1997); 

shifting cultivation also has been documented to play an important role on Brazil nut 

recruitment (Viana et al. 1998; Cotta et al. 2008). Dbh distributions, such as in RDAER, 

with a prevalence of large-diameter trees, can be a consequence of an intense past 

human occupation followed by a drastic depopulation, resulting in an absence of shifting 

cultivation activity (Scoles & Gribel 2011), and/or to peaks of seedling recruitment that 
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follow individual treefalls and large scale blowdowns (Baider & Peres 1997). Thus, past 

land use patterns and natural disturbances can foment Brazil nut regeneration, and 

under the absence of such events, Brazil nut populations may present dbh distributions 

that reflect a paucity or absence of young trees. The human population of RDAER 

region was much higher in the past than today, with elderly residents estimating that 

more than 350 rubber tappers and families lived in this area during the rubber boom. 

This region is also particularly rich in areas of “terra preta” (black soil) and babaçu 

[Orbignya speciosa (Mart.) Barb. Rodr.] - both indicators of the presence of pre-

Colombian societies (Pires & Prance 1985; MMA 2003). Finally, RDAER residents 

reported that the occurrence of blowdowns is not a rare event, with some stating that 

they had witnessed this type of event in their landholdings. Past occurrence of seedling 

peaks, theoretically from blowdowns or past shifting cultivation activity, could also 

explain variation in Brazil nut densities found among RDAER regions and presence of 

the traditional “bolas de castanha”. Additional studies of population structure would be 

necessary to test these explanatory hypotheses of population dynamics. 

A gradual decline in Brazil nut production was an expressed concern by 

harvesters in RDAER. In this extractive reserve as with most others, Brazil nut stands 

are inherited, and resident families have continued to harvest Brazil nuts almost 

exclusively in those trails worked by their ancestors. As a result, it is possible that 

current residents are concentrating their harvests on trees that are relatively old and 

tending toward senescence, rather than peak production. In a Western Amazonian 

population, Kainer et al. (2007) reported that Brazil nut fruit production increases with 

diameter until it peaks somewhere between 100 and 150 cm dbh, subsequently 
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declining with increased diameters in a quadratic manner. In our study, trees in 

harvested areas (trails = x̄ = 154.9 ± 41.6 cm dbh) presented statistically greater 

diameters than trees in unharvested areas (transects = x̄ = 120.7 ± 55.6 cm dbh) (Table 

2-1). We suggest investments by residents and possibly incentives by government and 

NGOs to search for new reproductively mature trees to include in routine annual 

harvests, coupled with the opening of new trails that have gone unharvested in recent 

years. 

Access to Brazil nut trees varied across the reserve 

Access to natural resources is an important factor driving resource use and 

management. Forest dwellers that have better access to natural resources tend to 

invest and rely more on those resources (Pattanayak & Sills 2001; Duchelle et al. 2011). 

Mahapatra et al. (2005) studying NTFP sales on rural households in India found that the 

proximity of available non-timber products in nearby forests was one of the most 

important factors determining NTFP income. In addition, results from a second study in 

a Brazilian extractive reserve showed that even though all households had access to 

the overall natural resources to sustain their livelihoods, access to economically 

important NTFPs was an important component driving resource harvest for cash income 

(Newton 2011). 

Our results showed that residents of the Upper region are much farther from their 

Brazil nut trees than residents of the other 2 regions (Figure 2-4), which could explain in 

part the smaller amount of Brazil nuts harvested in 2009 and the income secured from it 

by those households (Table 3-3). Upper residents have to travel by canoe about 5 hours 

to get to their Brazil nut stands. To harvest their Brazil nut trees, they temporarily move 

from their landholdings to camp near their Brazil nut stands, leaving their crops and 
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small domestic animals behind. Thus, they only spend minimal time in these stands, 

returning as quickly as possible to their landholdings to avoid crop and other losses. In 

contrast, residents of the Lower and Middle regions reach their Brazil nut stands in less 

than 2 hours. 

Our results also indicate that access to Brazil nut trees has a positive impact on 

the number of return-visits to harvest Brazil nut trees within the same Brazil nut season, 

and subsequently on Brazil nut income. Residents with good access, particularly those 

in the Middle region, returned to their trees much more than residents of other regions 

(Figure 2-6), invested more in management of those trees (largely through liana cutting) 

(Figure 2-5), and tended to have a greater proportion of their income from Brazil nuts 

(Table 3-3). However, even though our results showed a significant regional variation in 

access to Brazil nut trees and number of return-visits, we did not find a statistically 

significant correlation between these two variables, indicating that other factors also 

influence number of return-visits to harvest trees. Indeed, Pattanayak and Sills (2001), 

using number of trips as an indicator of effort invested on forest products, showed that 

older household heads and those with a longer time of residence generally took more 

trips to the forest, which they argued was related to the accumulated knowledge that 

these older household heads have about their forests. In our study, we did not find 

statistically significant differences between age of household head nor time of residence 

across region, but household heads of the Upper region tended to be relatively younger 

and had lived less years in their current landholdings, which could be one additional 

explanation as to why these residents tended to invest less and receive lower returns 

from Brazil nuts. 
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Fruit production discrepancies explained by ecological factors, management, and 
household size 

Brazil nut fruit production is the ecological parameter of greatest importance for 

thousands of people that depend on this species for their subsistence and cash income. 

Understanding the heterogeneity of Brazil nut fruit production in the context of extractive 

reserves is essential to understanding the potential of this NTFP to support families as 

well as understand where investments could be made to improve household welfare.  

Because of its importance, we measured fruit production by two means: (1) counted fruit 

production by the number of fruits encountered below each tree and (2) reported fruit 

production, or the average number of boxes collected by families in each tree in past 

seasons. 

Within RDAER, heterogeneity of the more ecologically-controlled variable (counted 

fruit production) exists, and can be explained by individual Brazil nut tree 

characteristics, as well as management practices. Brazil nut counted fruit production 

differences between trails and transects in our study (Table 2-1) clearly showed the 

negative influence of two linked tree-level characteristics, liana loads and crown forms 

(Table 2-2). Brazil nut trees located at trails were less encumbered by lianas, which can 

be explained by the cutting of lianas on those trees, a practice that is easily carried out 

since trail trees are visited and harvested annually. In contrast, transect trees were, by 

definition, not systematically visited by residents, and thus had more lianas which were 

not cut, perhaps explaining in part, the reduced Brazil nut fruit production of transect 

trees. 

Regional differences (as measured in tree distance from the mouth of the Riozinho 

do Anfrísio river) in counted fruit production were not as clear (p = 0.0952; Table 2-2), 
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although descriptive statistics revealed that trees in the Lower region seemed to 

produce three times more fruits than those in the other two regions (Table 2-1). Tree 

diameter, a variable that explained over half of Brazil nut production variation in a 

Western Amazonian study (Kainer et al. 2007), did not vary by region; however crown 

form did (Table 2-2), such that crown form was poorer as distance from the mouth of 

Riozinho do Anfrísio river increased (Figure 2-3). Of tree characteristics that explain 

Brazil nut fruit production, crown form and liana loads are linked, such that trees with 

greater liana loads are much more likely to have poor crown forms (Kainer et al. 2006) 

and correspondingly, liana cutting gradually improves crown form (Kainer et al. 2007).  

While our Brazil nut stand quality model did not detect significant differences in liana 

load by distance (p = 0.1579) (Table 2-2), liana cutting was the only management 

practice we investigated that did vary statistically by region (Figure 2-5). Upper 

residents did not invest in liana cutting, while over 80% of residents in the Middle region 

and over 40% in the Lower cut lianas. 

To our knowledge no other study has analyzed the influence of altitude on Brazil 

nut fruit production or other tree-level parameters. Our results showed that trees on 

trails were at lower altitudes than those on transects – an expected result since Brazil 

nut harvesters favor trees on locations of easy access. The RDAER region has a 

relatively rugged relief, including many hills and ravines that harvesters tend to avoid. 

Consequently, when collecting Brazil nut data on trees located in our 2.5 km transect 

we inventoried several trees located at hill peaks – at higher altitudes. Because transect 

trees were not as productive as trail trees, we found a highly significant negative 

correlation between tree altitude and reported fruit production (p < 0.0001) and also a 
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less significant correlation with counted fruit production at the 90% level of confidence 

(p < 0.0797). 

Descriptive statistics indicated that trees in the Lower region produced over three 

times more counted fruits than the other two regions (Table 2-1), although our Brazil nut 

stand quality model only revealed a tendency for tree distance from the mouth of the 

Riozinho do Anfrísio river to explain counted fruit production (p = 0.0952) (Table 2-2). 

This p-value could be explained by the high degree of variation existing within regions, 

which made the statistical f-test less sensitive across regions. Our counted fruit 

production data were not normally distributed, and therefore, did not present a common 

variance required by the f-test. However, when these results were presented and 

discussed with reserve residents in a community meeting in 2010, they agreed that 

Lower region indeed produces more Brazil nut fruits than the other RDAER regions. 

Still, did the seemingly greater numbers of counted fruits in the Lower region translate to 

a greater number of nuts reportedly sold? According to our descriptive statistics (Table 

2-1), Middle region residents sold over three times more boxes of nuts than those in the 

Upper (and Lower) regions (Table 2-1), and thus a much greater percentage of Brazil 

nuts available on their existing trails. This seemingly contradictory result is probably a 

consequence of the types of data that these two variables represent. While Brazil nut 

counted fruit production is more biologically-controlled (number of fruits counted per 

tree), reported fruit production better reflects not only the biological condition of Brazil 

nut stands, but also the social aspects that influence Brazil nut harvest. For example, 

Brazil nut reported production (number of boxes harvested per tree) depends on the 

effort invested by harvesters (i.e., liana cutting and number of times returned to each 
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tree to collect fruits in the harvest season). It also depends on the level of respondents’ 

knowledge about each of their Brazil nut trees and the accuracy of respondents to recall 

the average number of boxes harvested in each tree during the past seasons. For 

example, studies show that 25% to 50% of respondent’s answers regarding their 

behavior is inaccurate (Bernard et al. 1984). However, respondents’ answer accuracy 

increases if they have to recall information that happened within six months of when 

they were interviewed (Bernard 2000). 

Reported fruit production could also reflect limited cash income options, market 

access, and market demand (Shackleton & Shackleton 2004, Mahapatra et al. 2005). In 

RDAER, resident families sell most of their Brazil nut production, even when the 

production is small, relying exclusively on itinerant traders who buy mostly Brazil nuts 

and fish. Some itinerant traders exclusively trade Brazil nuts, visiting RDAER solely 

during Brazil nut season. Following this rationality, one can expect that if RDAER 

families want to increase their cash income, they are constrained by market demand as 

defined by itinerant traders. 

Finally, household characteristics also influence engagement and reliance on 

forest products by resident communities (Coomes & Burt 2001, Pattanayak & Sills 2001, 

Newton 2011). Most of the household characteristics in RDAER were relatively even 

across the 3 regions studied; however household size was significantly larger in the 

Lower and Middle regions (Table 2-3), where number of Brazil nut boxes harvested was 

approximately three times larger than in the Upper region (Table 2-1). A study in 

another extractive reserve in Brazil found a positive correlation between household size 

and the amount of fruit palm extracted, and attributed it to the higher labor input on this 
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activity (Newton 2011). Brazil nut extraction is a labor consuming activity since 

harvesters need to walk to distant areas to extract this NTFP and then carry the heavy 

nut-laden baskets to their homes. Therefore, the number of economically active 

household members directly affects the amount of Brazil nut harvested and, 

consequently, the income sourced from this forest product. Even though we did not find 

a statistically significant variation of dependency ratio among regions, descriptive 

statistics suggested that Upper region residents had the highest dependency ratio 

(Table 2-3), indicating that possibly these families face labor limitations in concert with a 

lack of access to this important NTFP. In contrast, in the Middle region, household size 

is higher and the dependency ratio tends to be the lowest of RDAER, suggesting fewer 

to no labor restrictions. The access that these Middle region households have to Brazil 

nut stands also is much better than households of the Upper region (Figure 2-4). Finally, 

again contrasting Middle (most Brazil nut engaged) and Upper region (least Brazil nut 

engaged) residents, our descriptive statistics suggest that household heads in the 

Upper region are comparatively younger, have lived less time in their landholding, and 

have more formal education (Table 2-3). These findings support a similar NTFP 

engagement pattern identified in a different Brazilian extractive reserve in that younger 

heads of household had less accumulated knowledge regarding their forests, a shorter 

time of residence, and invested less on NTFPs (Pattanayak & Sills 2001). Additionally, 

(Shone & Caviglia-Harris 2006; te Velde et al. 2006) found that male heads of NTFP 

collecting households tended to have fewer years of schooling compared to non-NTFP 

households. Jointly, these variables suggest that internal variation of household 
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characteristics also influence Brazil nut use, management and contribution to household 

income in RDAER. 

Regional Variation Shapes Brazil Nut Income 

The importance of NTFPs for income and livelihood improvements of forest 

peoples is well documented (Shackleton & Shackleton 2004; Vedeld et al. 2007; Maske 

et al. 2011). Studies have also shown that a large degree of heterogeneity exists within 

communities in relation to the types and frequency of engagement in activities for 

income generation (Coomes & Burt 2001, Mahapatra et al. 2005, Belcher et al. 2005, 

Newton 2011); and that the wide variation observed is a consequence of the 

socioeconomic, demographic and geographic heterogeneity that exists within 

communities (Svarrer & Olsen 2005; McElwee 2008; Newton 2011). Our study supports 

these findings. 

We found no household total income heterogeneity in RDAER; however, 

contribution of Brazil nut to forest-based income varied by region (Table 2-3), indicating 

that Brazil nut socioecological heterogeneity shapes Brazil nut income in RDAER. 

Residents of the Middle region, which had the lowest total income of RDAER, had the 

highest forest-based income, with Brazil nut contribution playing a central role: 58% of 

total income was from forest products, and Brazil nut alone contributed 23%. Some 

scholars have argued that the poorest forest residents rely more heavily on NTFPs than 

wealthier ones (Cavendish 2000; Belcher 2005; Mahapatra & Tewari 2005), while other 

studies have not found a direct relationship between poverty and NTFP income 

(Pattanayak & Sills 2001, McElwee 2008). We did not aim to analyze the relationship of 

forest income and poverty, but our results seem to support the assumption that the 

poorest forest users rely more on NTFPs. 
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Finally, and perhaps the most important factor in the context of RDAER, are the 

differences of household access to other sources of income as a result of the 

geographic location of each RDAER region. Studies have demonstrated that if forest 

people lack access to different sources of income, they tend to rely more on NTFPs 

(Coomes et al. 2004; McElwee 2008; Duchelle et al. 2011). McElwee (2008) found that 

those with less access to income from government jobs or wage labor were more 

dependent on forest products. In a comparison between Brazil nut harvesters from 

Pando, Bolivia, and an extractive reserve in Acre, Brazil, Duchelle et al. (2011) found 

that even though the Pando communities presented more constraints to Brazil nut 

investments than communities in Acre, Pando residents invested more on Brazil nut 

harvest mainly because of the lack of other sources of income. Comparing average 

Brazil nut and forest-based income distribution within RDAER, we observed that Middle 

region households presented the highest income sourced from Brazil nuts, and that 

their reliance on forest products was higher than households of the other two regions 

(Table 2-3). While households of the Lower region have a good connection with 

Altamira during the entire year, and the Upper region is located near Itaituba, which can 

be reached in 2-3 days during the summer season when they lack their river connection 

with Altamira, the Middle region residents stay almost completely isolated from these 

two sources of external income during the Summer season (Figure 2-1). Thus, in 

RDAER the lack of access to other sources of income as a consequence of a 

geographic location could, among other factors, be an important factor determining a 

household’s reliance on Brazil nut income, and other forest products. 
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Heterogeneity Inside the Polygon 

The future viability of the extractive reserve model depends on both 

socioeconomic and ecological sustainability. Most extractive reserves present a highly 

complex socioecological system and a bundle of shared rights that drive the use of 

natural resources, and consequently determine livelihood strategies of reserve residents 

(Ankersen & Barnes 2004, Cronkleton et al. 2011). Thus, understanding the variation of 

natural resource use and availability inside the reserve polygon is critical, especially if 

reserve residents rely on only a few NTFPs to meet their needs. This is the case in 

Riozinho do Anfrísio Extractive Reserve, where Brazil nut plays a critical role as a main 

contributor to household income. 

Findings from this study support the initial assumption that Brazil nut ecological 

and socioeconomic heterogeneity exists in Riozinho do Anfrísio Extractive Reserve, and 

that this internal heterogeneity determines the use and management of this important 

forest product. Resource quality and access are important aspects driving Brazil nut use 

and management, and lastly in shaping its contribution to household income. The 

socioeconomic differences found among RDAER residents, and their impacts on Brazil 

nut use, management and income, confirm the importance of taking into account 

household socioeconomic variables when analyzing the contribution of forest resources 

to household income. Furthermore, our results showed that even though household 

income is relatively even within RDAER, with a more detailed analysis of the forest 

products and Brazil nut contribution to household income, coupled with the 

geographical, ecological and socioeconomic aspects that affect household income in 

that reserve, a much more complex scenario of the economic context of RDAER 

emerged. This complex economic scenario is a result of the internal RDAER 
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socioecological heterogeneity, which is rarely incorporated into management plans and 

supporting conservation and development initiatives and policies in these reserves. 

Extractive reserves have been sold as a successful model to reconcile 

conservation and development goals that take into account the sociocultural diversity of 

Amazonian societies, and their traditional and well-adapted management practices. 

However, when implementation and management plans are formulated for these 

conservation units, reserve residents have their management rights restricted and 

external agents make major decisions regarding natural resource use (Cronkleton et al. 

2011). Furthermore, conservation and development projects tend to focus either on a 

specific forest product, or on a specific group of forest users, and within group 

differences are typically neglected and do not take into account the internal 

socioecological heterogeneity of these conservation units. We demonstrated the need 

to analyze internal ecological heterogeneity of one of the most important NTFPs in the 

context of extractive reserves in Brazil, and the relevance of taking into account 

socioeconomic aspects when identifying the main factors affecting reserve residents 

income. If Brazil nut as well as the few other important cash-generating NTFPs are to 

be used as a tool to guarantee the sustainability of RDAER and other Brazilian 

extractive reserves, policies and projects that aim to reconcile conservation and 

development goals need to take into account the ecological and socioeconomic 

heterogeneity surrounding these forest products in these complex multi-use polygons. 

And the only way to do so is by putting more effort on site-specific and highly detailed 

assessments of the forest products used by the different groups of reserve residents, 
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with the subsequent formulation of a management plan that encompasses relevant 

heterogeneity dimensions in these conservation units. 
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Figure 2-1. Map showing the distribution of family households (black triangles) and 
Brazil nut stands along the three RDAER regions (Lower, Middle, and Upper) 
(Source: Adapted from FVPP map in Rocha et al. 2005). 
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Figure 2-2. Diameter class distribution of Brazil nut trees from transects in RDAER 
regions. 

 

 

Figure 2-3. Percentage of trees by crown form category within each of three RDAER 
regions. 
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Figure 2-4. Distances to Brazil nut stands harvested by region (1 = Lower, 2 = Middle, 
and 3 = Upper). A) Distance (minutes) to closest Brazil nut stands. B) 
Distance (minutes) to second closest Brazil nut stands.  

 

A 
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Figure 2-5. Percentage of harvesters performing Brazil nut management practices 

within each of three RDAER regions. NS = not significant at p  0.05 
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Figure 2-6. Number of return-visits to harvest trees within the same Brazil nut season by 
region (1 = Lower, 2 = Middle, and 3 = Upper). 
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Table 2-1.  Descriptive statistics of Brazil nut density, dbh, counted and reported fruit 
production in the three RDAER regions and at the Reserve level. 

 

 

 

 

 

 

Lower Middle Upper

Density

   Number of transects (2500m x 40m = 10ha) 2 3 1 6

   Total area (ha) 20 30 10 60

   Density (N) 0.9 (18) 1.67 (50) 2.7 (27) 1.58 (95)

Dbh (cm)

 Trails

   N 263 502 416 1181

   Mean (SD) 162.7 (43.5) 153.5 (42.1) 151.7 (39) 154.9 (41.6)
 

 Transect

   N 18 50 27 95

   Mean (SD) 123 (69.4) 121.8 (48.2) 117.2 (60.1) 120.7 (55.6)

 Reserve

   N 281 552 443 1276

   Mean (SD) 160.1 (46.4) 150.6 (43.6) 149.6 (41.4) 152.3 (43.7)

Counted fruit production (number of fruits per tree)

 Trails

   N 35 43 18 96

   Mean (SD)* 84 (125.7) 19.4  (32.2) 37.1  (56.9) 46.3 (86.9)

   Total fruits counted 2942 833 668 4443

 Transect

   N 7 13 12 32

   Mean (SD)* 16.6  (9.4) 5.1  (7.3) 9.8 (9.2) 9.4 (9.3)

   Total fruits counted 116 66 118 300

 Reserve

   N 42 56 30 128

   Mean (SD)* 72.8 (117.3) 16 (28.9) 26.2 (45.9) 37 (77)

   Total fruits counted 3058 899 786 4743

Reported fruit production (number of boxes)

   N 119 498 339 956

   Mean (SD) ** 1.3 (1.2) 1.1 (1.1) 0.3 (0.4) 0.8 (1)

   Total boxes harvested in 2009 662 731 242 1635

NOTES: * Number of fruits counted per tree. ** Number of boxes per tree.

ReserveBrazil nut quality variables
Region
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Table 2-2.  Best-fit models that explain Brazil nut quality in RDAER. A general linear 
mixed model ANOVA was used to explain tree dbh, liana loads, crown form, 
counted and reported fruit production. 

 

Brazil nut quality variables N F-statistic p-value

Dbh (cm)

   Tree distance 1.62 0.2064

   Tree altitude 1276 3.04 0.0817

   Tree location type 22.14 <.0001

Liana loads

   Tree distance 248 2.15 0.1579

   Tree altitude 0.04 0.0182

   Tree location type 7.56 0.0066

   Tree altitude*Tree location type 6.72 0.0103

Crown form 

   Tree distance 248 9.68 0.0055

   Tree altitude 4.57 0.0336

   Tree location type 1.74 0.2120

Counted fruit production

   Tree distance 2.96 0.0952

   Tree altitude 128 1.58 0.2111

   Tree location type 4.91 0.0386

Reported production (number of boxes)

   Tree distance 956 2.55 0.1112

   Tree altitude 0.76 0.3849
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Table 2-3.  Descriptive statistics of household characteristics, forest-based income, income sourced from Brazil nuts, and 
the total household income in RDAER), and p-values denoting the significance of regional differences. 

 

 

 

 

N Mean  (SD) N Mean  (SD) N Mean  (SD) N Mean  (SD)

Household Characteristics

  Size (# people) 9 10 (7.13) 8 9 (3.93) 8 7 (2.19) 25 9  (4.93) <.0001

  Household dependency ratio 9 0.9 (0.7) 8 0.6 (0.6) 7 1.4 (1.02) 24 0.9 (0.8) 0.1727

  Age of household head 9 48  (14.46) 8 46  (13.86) 8 36  (10.58) 25 44  (13.66) 0.1669

  Time lived in Reserve (years) 9 39  (12.06) 8 40  (18.23) 8 36  ( (10.59) 25 38  (13.46) 0.8295

  Time lived at landholding  (years) 9 21  (11.38) 8 23  (19.21) 7 13  (16.80) 24 19  (15.87) 0.4014

  Schooling  (cumulative years) 8 0.25  (0.46) 7 0.00 8 0.41  (0.73) 23 0.23  (0.52) 0.3259

Distance and Return-Trips to Brazil nut Trees

  Distance to closest Brazil nut stands (minutes) 6 42 (51) 7 118 (272) 6 288 (359) 19 148 (268) 0.2786

  Distance to second closest Brazil nut stands (minutes) 6 169 (172) 7 152 (276) 4 452 (671) 17 229 (372) 0.4142

  Number of return-trips to Brazil nut trees 6 2.8 (0.7) 7 4.4 (3.2) 5 0.8 (1.1) 18 2.7 (2) 0.0366

Household Income 2009 (R$)

  Forest-based Income (total) 9 2025 (1985) 7 3759 (3707) 7 1753 (1643) 23 2470 (2587) 0.2929

     Processed Products 9 325 (357) 7 407 (853) 7 124 (157) 23 289 (515) 0.5903

     Non-Processed Products 9 1670 (1663) 7 3351 (3777) 7 1628 (1666) 23 2181 (2506) 0.3489

             Brazil nuts Only 9 1143 (1487) 7 1347 (1170) 6 335 (439) 22 988 (1206) 0.2956

     Contribution of Brazil nuts to Forest Based Income 9 57% (21%) 7 38% (13%) 6 24% (35%) 22 42% (27%) 0.0524

  Total Income 9 8642 (6525) 7 6524 (5516) 7 7519 (8110) 23 7641 (6507) 0.8623

    Contribution of Forest Based Income to Total Income 9 24% (30%) 7 58% (67%) 7 23% (20%) 23 33% (40%) 0.1064

    Contribution of Brazil nuts to Total Income 9 16% (15%) 7 23% (8%) 6 9% (16%) 22 17% (14%) 0.2271

RESERVE
p-valueVariable

LOWER MIDDLE UPPER
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CHAPTER 3 
LINKING SOCIAL NETWORKS AND INCOME IN A SUSTAINABLE USE RESERVE: 

IMPLICATIONS FOR CONSERVATION INTEGRITY 

Social Networks and Natural Resources Management 

Sustainable use reserves represent the fastest growing type of protected area 

worldwide. According to the World Conservation Union (IUCN) protected area 

designation, sustainable use reserves are classified as categories V and VI (Protected 

Landscape/Seascape and Protected Area with Sustainable Use of Natural Resources, 

respectively), and their primary goal is to protect natural ecosystems and promote the 

sustainable use of natural resources, while fostering economic and social benefits to 

local communities (Dudley 2008). The emergence of this type of protected area resulted 

from grassroots social movements (Borrini-Feyerabend et al. 2004) merging with 

conservationist-defined needs to integrate local people into long-term management of 

these areas (Dudley 2008). Successful implementation requires crucial understanding 

of the dynamics of social interactions taking place in these reserves, and the role they 

play in natural resource use and management. 

Collaborative management among stakeholders implies a certain level of trust, 

which is formed through social interactions among these groups (Coleman 1988, 

Fukuyama 1995). Many studies highlight the role of social networks in trust emergence 

and maintenance within groups (Granovetter 1985, Powell 1990, Putman 1993), and 

emphasize that trust can facilitate cooperation and coordination for mutual benefits 

(Putman 1993). The internal relations that take place within these protected areas, and 

also interactions and relationships with external actors, shape behaviors and 

institutions. These social interactions, and their emergent patterns, determine the flow of 

resources through the social system (Weimann 1982, Abrahamson & Rosenkopf 1997, 
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Reagans & McEvily 2003). Thus, cooperation and provision of assistance to manage 

natural resources in sustainable use reserves is embedded in social networks 

(Granovetter 1985). 

Scholars and practitioners have progressively appreciated that resource users do 

not behave as isolated individuals, but rather, they form part of a concrete and dynamic 

system of social relations. Interpersonal influences play an important role in formulating 

actor opinions and attitudes, and thus, form the foundation of actor decisions and 

behavior (Friedkin 1998). Indeed, psychological theory has shown that individuals are 

more influenced by those with whom they interact regularly and often (Festinger et al. 

1950). These usually are individuals with whom they share the same beliefs, views, and 

perceptions; that is they are part of the same subgroup (Cooley 1909, Homans 1950, 

Kadushin 1966).  

Reserve resident communities are not static and homogeneous units, but rather 

are composed of different subgroups with different interests, resources, and 

perceptions, as well as different levels of influence (Carlsson & Berkes 2005, Nygren 

2005). Understanding these different subgroups and how they relate to each other is 

crucial to build consensus and cooperation in light of natural resources management.  

Social networks are a way to operationalize existing social theories and to 

understand the views and behaviors of natural resource users, such as those living in 

sustainable use reserves. Indeed, social networks can improve or constrain user 

capacity to tackle both internal and external challenges to the intertwined 

socioecological system in which they are embedded (Batterbury 2003, Crona & Bodin 

2006). While systematic research has been conducted to understand how social 
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network structure influences natural resource management and community 

development (Freudenburg 1986, Tindall 2002, Crona & Bodin 2006), to our knowledge 

no study has attempted to link social network structure with household income in the 

context of a sustainable use reserve. By applying methods from the field of social 

network analysis, we assess the structural aspects of social networks of households 

within sustainable use reserves, and explore how these networks link to family reliance 

on different sources of income, mostly forest-based vs. non forest-based income. We 

use the Amazonian extractive reserve of Riozinho do Anfrísio (RDAER) in Brazil as a 

model, examining the following specific questions: 

 To what extent do household social networks within RDAER vary?  

 What types of residents play a central role within the reserve polygon and external 
to it? 

 To what extent do ties of resident households with external actors vary within 
RDAER?  

 Do households from different RDAER regions rank external actors differently in 
terms of trust?  

 Are resident social networks in each region linked to different income (forest-
based vs. non forest-based) sources? 

To determine the social position of actors within the reserve and to understand 

internal sociological dynamics, we use the concept of centrality. Centrality is an actor-

level concept that generally reflects ideas of relative power, prestige, or popularity 

(Bodin & Prell 2011). Centrality measures the social position of each actor (households 

in our case) within the entire network structure. Social network analysis provides 

different ways to measure centrality, but here we will rely on degree centrality, which is 

simply the number of direct connections that one actor has in a network (Freeman 

1979). Actors with high degree centrality are connected to many other actors and thus 
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have more social capital giving them more opportunities to exchange resources and 

ideas directly. 

We will also use the concept of centrality to identify residents who play an 

important role to connect other reserve residents to external actors, or that can serve as 

important sources to disseminate ideas and interests linked to these external actors. We 

assume that organizations involved in reserve implementation and management, or 

which are part of the socioeconomic context of this reserve, play an important role in 

constraining and guiding reserve resident attitudes and behaviors, as articulated by 

Bandaragoda (2000). Thus, we analyzed how reserve residents link to those external 

actors, using a two-mode network approach (Bodin & Prell 2011). In contrast to a one-

mode network where the relational data are measured between actors with all other 

actors, a two-mode approach measures the interaction of actors with organizations or 

events. By examining the pattern of co-use of organizations or events we can imply a 

type of relationship between actors. For example, the position of natural resource users 

in a network based on participation in certain events, such as membership in 

cooperatives and associations, or residence in a community, can elucidate many 

important connections related to the formation of social groups and their roles to 

disseminate knowledge, and to influence other members of these groups (Bodin & Prell 

2011). 

Social network analysis can also identify different groups of stakeholders and 

provide insights into the role that they play to foster cooperation for natural resource use 

and management. Thus, by assuming that RDAER is composed of groups of actors with 

different values, perceptions and opinions, we also use social network analysis to 
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identify different subgroups and relate those subgroups with natural resources use in 

this extractive reserve.  

Riozinho do Anfrísio Extractive Reserve Context 

Riozinho do Anfrísio Extractive Reserve (RDAER) was created in 2004 by 

presidential decree, and hosts approximately 26 households. RDAER encompasses an 

area of 736,430 ha of the municipality of Altamira; it is commonly divided into three 

geographic regions: Upper, Middle and Lower (Figure 2-1). Resident households are 

isolated from one another and dispersed along the Riozinho do Anfrísio River, a 

settlement pattern that constrains daily contact between resident families. These 

families rely on subsistence activities such as hunting, fishing, slash-and-burn 

agriculture, and collection of forest products (Rocha et al. 2005). Itinerant traders who 

operate in the region provide the few goods that are not produced locally. 

All RDAER residents have access to the city of Altamira by river, but the Upper 

residents frequently visit Itaituba, which is the closest city to the reserve. Itaituba can be 

reached by walking approximately 2-3 days from the penultimate landholding of RDAER 

to arrive at a small road frequently travelled by ranchers and loggers that live in the 

surrounding area. No public transportation is available on this unpaved road, and thus 

for reserve residents, access to Itaituba is solely via opportunistic rides with ranchers 

and/or loggers, and only during the 4 months of the summer season when rainfall is low. 

Lower region residents have greater access to Altamira, which is located approximately 

10-15 days by river. Although it clearly takes Middle region residents longer to reach 

Altamira than their Lower region neighbors, they always use this river route when 

needing to access city resources. 
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Altamira is the main center for non-forest products trade, and all governmental and 

non-governmental organizations (NGOs) that operate in RDAER are based there. 

Services provided to reserve residents by these organizations include health and 

education, and technical assistance for natural resource management and reserve 

management in general. Altamira is also the base of several conservation 

organizations, and thus, plays a central role in the conservation agenda for the region. 

Historically, Altamira had a socioeconomic character more oriented to agricultural, 

ranching, and logging activities, a description that currently applies to Itaituba. This 

change started in the late 1990s when a social movement of smallholders of the 

Transamazon Highway proposed to the Brazilian government an agenda that would 

reconcile conservation with economic rural development. This culminated in the creation 

of many conservation units in 2004, including Riozinho do Anfrísio Extractive Reserve 

(Campos & Nepstad 2006). 

As with other extractive reserves in the Brazilian Amazon, management and 

implementation of RDAER is carried out by a Management Council (“Conselho Gestor”) 

composed of several groups: the Federal Environmental Agency (ICMBio) whose role is 

to coordinate activities related to reserve management, representatives of other local 

governmental organizations and NGOs, plus reserve resident representatives. Once a 

year this Management Council assembles to make decisions and monitor reserve 

activities.  

The RDAER Management Council was created officially by decree in 2008; 

however, many activities started on the ground in 2006, and those activities were mainly 

carried out by NGOs that were involved in RDAER creation. Simultaneously, the local 
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RDAER association (AMORA – Associação dos Moradores da Reserve Extrativista do 

Riozinho do Anfrísio) was also created to provide reserve residents with services 

related to citizenship, health, education, and trade of forest products. While all RDAER 

residents are members of this association, only 12 reserve residents are officially 

elected to be representatives of AMORA for a two–year appointment. 

Methods 

Data Gathering 

From a total of 26 RDAER households, 25 household heads (all male) were 

interviewed to determine the social network structure among reserve residents. Social 

network interviews were applied in two rounds, February 2009 and August 2010. The 

first round of interviews sought to understand the resident network structure within 

RDAER. The second round identified ties that reserve residents had with external actors 

(the two mode approach), and how resident households ranked actors in terms of their 

trust, and usefulness to support resident livelihoods. Simultaneously, a livelihood survey 

was applied to determine household characteristics, total household income, and forest 

based vs. non forest-based income as a way to identify livelihood strategies adopted by 

each RDAER household. 

Round one: internal RDAER social network structures 

This first series of questions explored relationships interviewees had with each 

other. Respondents were asked to provide names of other Reserve residents from 

whom they borrow supplies and equipment. We selected three “supply and equipment” 

items (canoes, motorboats, and manioc flour) that are typically used by households and 

exchanged within RDAER. The main means of transportation in RDAER are canoes 

and motorboats, but not all residents own canoes or motorboats. RDAER households 
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that lack these items have to rely on others to access services such as health 

assistance, or to communicate with other reserve residents, since families live apart 

from each other and radio communication is scarce. Manioc flour is the key staple food 

consumed in RDAER and is extremely important for reserve residents. By selecting 

these three topics to elicit the social network structure within RDAER, we assume that 

reserve residents will rely mostly on residents with whom they have an established and 

good relationship, or on those that they believe have the ability to provide these 

supplies and equipment. 

Round two: ties with institutions and other external actors 

To determine external household ties, we first developed a list of possible actors 

by using different sources of information: reports and other documents that attested to 

the interaction of RDAER residents with those actors, previous informal conversations 

with RDAER residents as well governmental and non-governmental representatives, 

and participation in meetings and workshops. This list included external actors present 

in RDAER at the time of the survey as well as past relationships among RDAER 

residents and external actors. 

A total of 25 governmental organizations, 8 NGOs, and 8 commercial enterprises 

and cooperatives related to the private sector were used to elicit ties that reserve 

residents had with external actors (Appendix D). Most of the governmental 

organizations operated at the local level and were responsible for providing different 

services to RDAER residents, such as health and education services, agrarian and 

environmental technical assistance, citizenship documentation, and information related 

to reserve management. The NGOs considered in this study were local, national, and 

international organizations mainly concerned with socio-environmental issues. Finally, 
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the private sector was represented by loggers, land grabbers (“grileiros”), ranchers and 

worker union organizations (“sindicatos”). 

Flash cards were subsequently prepared containing the names of each external 

actor that was part of this list, and different questions were asked related to six main 

topics: (1) recognition, (2) frequency of contact, (3) visit of external actors at 

households, (4), assistance, and (5) trust. We first asked respondents if they recognized 

each external actor on the card. Actors not recognized were discarded for the rest of the 

interview. For those that were recognized, we asked respondents to select one of the 

following contact frequencies: no contact, once a year, twice a year, three times a year, 

every two months, once a month, or once a week. 

Then we asked questions related to number of visits received, and number of 

times that each actor assisted their particular household. The following ranks were 

coded for these groups of questions: never, once or twice, three to five times, and more 

than five times since reserve creation in 2004. Visiting and assistance delivered were 

used to determine more practical and concrete interactions between resident families 

and external actors. Assistance was also used as an indicator of benefits distribution 

among RDAER residents, since many external actors have the responsibility to 

implement, manage, and provide socioeconomic and environmental services to 

residents. Finally, to determine the degree of trust that respondents have with each 

actor, we asked respondents to select one of the following trust categories: no trust, 

neutral, trust, or unknown. 

Livelihood survey 

To determine general household characteristics, such as time of residence, 

household size, age, schooling and affiliation of head of household to RDAER 
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association and external organizations, and household income, we applied a livelihood 

survey adapted from the Center for International Forestry Research Poverty and 

Environment Network (CIFOR PEN; http://www.cifor.org/pen/research-tools/the-pen-

prototype-questionnaire.html) to the head of household among the 23 (of a total of 26) 

available households in the entire Reserve. To determine total household income, we 

quantified all forest and agricultural products that were traded and sold, and the 

economic benefits from government, wage labor, and other sources of external income 

earned during the year of 2009. 

Processed (baskets, brooms, canoes, and paddles) and unprocessed (mainly 

Brazil nuts, andiroba, copaíba, honey, rubber, and fish) subsistence forest products 

were also quantified to determine total household forest-based income. We excluded 

the amount of game consumed due to lack of confidence in our ability to measure this 

accurately. No game restrictions exist in RDAER and all RDAER residents hunt. 

Manioc, which is the main RDAER agricultural product, and chicken, were also 

measured. Based on this detailed information, we calculated total household income 

and the contribution of forest based and non forest-based income to total household 

income. Income is represented in the Brazilian currency, reais (1 U.S. dollar  1.5 

reais). 

Finally, we sought a better understanding of the institutional and social context in 

which each RDAER household was embedded.  We asked questions related to the 

frequency of visits to the closest cities (Altamira and Itaituba), affiliation to RDAER 

association or other external institutions, and participation in meetings and courses 

organized by external actors. Participation in meetings within and outside the reserve is 

http://www.cifor.org/pen/research-tools/the-pen-prototype-questionnaire.html
http://www.cifor.org/pen/research-tools/the-pen-prototype-questionnaire.html
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important since most resident input in decision-making related to reserve management 

occurs during those meetings. Capacity building courses to develop skills for reserve 

management spanned from educational and legal aspects of reserve management to 

non-timber forest product information, to basic reading and writing skills. 

Data Analysis 

To determine the RDAER internal social network structure and degree of 

connectivity that reserve residents have with external actors we used UCINET software, 

version 6 (Borgatti et al. 2002), which provided visual and statistical network analyses. 

With the exception of data regarding the frequency of contact that RDAER residents 

had with external actors, we transformed our two-mode data (social networks linked to 

external actors) using dichotomization. Thus, data that were ordinal were reduced to a 

binary matrix (presence or absence of social ties). We used a procedure to create one-

mode household by household matrices from the two-mode data where the tie linking 

every pair of households was the number of external actors they shared in common. 

Girvan-Newman subgroup analysis (Girvan & Newman 2002) was used to identify 

different groups in RDAER as well as to test differences among RDAER regions in 

terms of ties at the local and regional level. The Girvan-Newman procedure identifies 

subgroups by identifying the most bridging ties in the network, simulating their deletion 

and identifying subgroups that become disconnected (Girvan & Newman 2002). In an 

attempt to identify potential overlap of reserve resident social networks (within reserve 

and with external actors) with the three RDAER regions we forced the software to 

search for three clusters. Finally, we created a set of matrices using household head 

attributes (region, age, schooling, time of residence within the reserve, time of residence 

at particular landholding, frequency of visits to closest cities, representation on RDAER 
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association, and household income) and ran a Quadratic Assignment Procedure (QAP) 

correlation analysis to test if the structure based on these household head attributes 

was correlated to RDAER social networks based on interaction with external actors. 

Descriptive statistics were used to determine the contribution of different sources 

of income (forest based vs. non forest-based) to total household income in each 

RDAER region. To understand internal RDAER variation regarding household 

characteristics, their institutional and social context, forest-based and non forest-based 

income, and the total household income, we estimated General Linear models, with 

“region” as our predictor variable, and also calculated Pearson correlation coefficients 

for all pairs of measured variables, using SAS statistical software, version 9.2 (SAS 

2004). 

Results 

Social Networks Within Reserve Polygon 

Results from the analyses of internal reserve dynamics showed that household 

networks were strongly related to geographic location and proximity. In most cases, 

households relied on nearest neighbors to borrow supplies and equipment (Figures 3-1 

and 3-2). The network related to borrowing canoes presented three subgroups that 

partially related to the spatial arrangement of RDAER (Figure 3-1), such that the three 

clusters observed in the diagram almost matched with the three RDAER regions 

commonly recognized by both internal and external actors. Similarly, when asked from 

whom they would borrow a canoe, most responded that they would ask their neighbors 

or other households of the same region. Only households of the Middle region that are 

located closer to the Lower region or closer to the Upper region interact more with 

residents of these two regions, since those are their neighbors. 
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The network for borrowing motorboats also tended to match the geographical 

internal division of RDAER (Figure 3-2). The main component (a set of nodes tied 

directly or indirectly) was composed of three subgroups, each of them composed 

predominantly of households from those regions. Middle region residents were again 

present in these three main subgroups, demonstrating the importance of location. The 

only exception to this is a small subgroup centered around one Lower region resident 

(Figure 3-2, household # 4), who are also neighbors, and therefore, borrow motorboats 

from each other because of their closer location. The network for borrowing manioc flour 

revealed a similar pattern (not shown). 

In RDAER, we observed that the number of households with a central position (or 

more connections) within the internal social network decreased from the Lower to the 

Upper region, when focusing on provision of canoes and motorboats (Figures 3-1 and 

3-2). In the Upper region, most residents relied almost completely on one household for 

borrowing canoes and motorboats. In the Middle region we found two main actors that 

provided canoes and motorboats, while in the Lower region, centrality did not appear to 

be as strong – many resident households served as lenders (Figures 3-1 and 3-2). No 

households with a central position, regardless of region, were observed in the case of 

manioc flour since that network was not cohesive, but presented only small sparse 

groups of neighbors that borrowed manioc from each other. 

QAP analyses showed a positive statistical correlation between provision of 

motorboats (mirrored in degree centrality) and total income (p < 0.005), and between 

provision of motorboats and representation on AMORA (p < 0.005). This means that the 

structure of motorboat lending was by those with higher incomes and those people 
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tended to be AMORA representatives. No statistical centrality-related correlations were 

found between provision of canoes or manioc flour and the diverse household variables 

studied here. 

Social Networks Linked to External Actors 

Contact of RDAER residents with external actors 

Subgroups found when analyzing the data related to recognition, frequency of 

contact, or number of visits by external actors did not align with the regions. However, 

when considering only those households that received more than 3 visits from external 

actors, two subgroups emerged (Figure 3-3). The first was a small Upper Region 

subgroup composed of only two residents:  a municipal health agent who received visits 

from many external actors related to his job, and a second resident who not only 

received visits from governmental and non-governmental organizations (NGOs), but 

also had good connections with private sector actors. The second subgroup was 

composed of a diversity of residents predominantly of the Lower region – the region 

most visited by external actors. Nonetheless, it was a household in the Middle region 

(represented by a large square) that received the highest number of visits from different 

actors, demonstrating a higher degree centrality and a central position in the network 

(Figure 3-3). Furthermore, QAP correlations corroborated these visual results, 

demonstrating that the number and diversity of visits by external actors were statistically 

different by region (p = 0.027).  Similarly, AMORA representatives tended to receive a 

higher number of visits than non-representatives (p = 0.063) No other correlations were 

detected regarding other household characteristics and visits from external actors. 
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Assistance received from external actors 

When analyzing the number of external actors that provided assistance to any 

given household, no subgroups were identified; however, our results showed that most 

external assistance was concentrated on the Lower region (p = 0.007) since the number 

of residents benefiting from external relations was much higher in comparison to the 

other two RDAER regions (Figure 3-4). Assistance received from external actors was 

not correlated to other household characteristics tested. 

Although no clear correlation was found between assistance received from 

external actors and representation on AMORA (p = 0.110), we observed that most 

elected AMORA representatives tended to receive assistance from a higher number of 

external actors (Figure 3-5 and Table 3-1). Indeed, these households were the ones 

that received external assistance from more actors both at the scale of the entire 

reserve and when analyzing each region separately. The only exception was the health 

agent of the Upper region (who was not an AMORA representative) who was well 

connected with several governmental and non-governmental organizations because of 

his job. 

Despite this exception, it was clear that Upper region residents benefitted the least 

from their external assistance since five out of the seven regional households received 

no assistance from external organizations, including those who were AMORA 

representatives (Figure 3-4 and Table 3-1). On the contrary, in the Lower region, we 

observed that even household heads that were not AMORA representatives (four of 

eight) received assistance from many external actors. Finally, in the Middle region, of 

those variables studied, only representatives of AMORA benefited from their 

connections with external actors. 
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Analyses run separately by group of external organizations (government, NGO or 

private) showed that most assistance came from governmental institutions and NGOs – 

the two groups officially responsible for implementation and management of this 

extractive reserve (Figure 3-5). Subgroups were identified only in the case of assistance 

received from the private sector, which included entities linked to the logging and 

ranching sectors, and unions from the main municipalities of this region (Figure 3-5).  

Overall, government and NGO assistance mostly benefitted Lower and Middle 

region residents as well as representatives of AMORA (Figure 3-5 and Table 3-1). 

Assistance from governmental institutions was more concentrated on a few households, 

mainly from the Middle and Lower regions. In contrast to this limited government reach, 

NGOs provided assistance to a higher number of RDAER households (Figure 3-5). 

In the case of private sector assistance, two groups emerged: one formed by 

three Lower region households, and the other formed by two households from the 

Upper region (Figure 3-5). Furthermore, Lower residents received assistance from more 

actors of the private sector than Upper residents, and all three Lower region households 

assisted by the private sector were AMORA representatives (Figure 3-5 and Table 3-1). 

Trust as ranked by reserve residents 

No subgroups emerged when examining the degree of trust that RDAER 

households had with external organizations. However, when excluding the households 

that trust less than three external organizations by increasing the number of relations in 

the Girvan-Newman analysis, results showed that residents of the Upper region 

presented the lowest degree of trust in comparison to residents of the other RDAER 

regions (Figure 3-6). Results of the QAP correlations confirmed that household trust 
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with external actors was statistically different by region (p = 0.027), and AMORA 

representatives were the most trusting of external actors (p < 0.01). 

When restricting our analysis to governmental institutions and only those 

households that trust more than three of such institutions, two subgroups emerged: one 

composed only of Upper region residents and another network of both Lower and 

Middle region residents (Figure 3-6). These two networks present different scores of 

degree centrality as represented by node size, suggesting that overall, residents of the 

Lower and Middle regions trust more governmental institutions compared to Upper 

region residents. Furthermore, most of these residents identified, were members of 

AMORA, regardless of region. 

In the case of trust that households have with NGOs, no subgroups were clearly 

identified, even when increasing the number of relations that households have in 

common with these organizations. Nonetheless, most Upper residents were located at 

the network periphery, indicating that these households potentially trusted a lower 

number of NGOs in comparison to residents of the other two regions. As we increase 

the number of ties in the Girvan-Newman subgroups analysis, these peripheral 

households were excluded from the network and only one resident of the Upper region, 

a very active member of AMORA, remained (Figure 3-6). 

Finally, no distinct subgroups were found regarding the number of private sector 

actors that RDAER households trusted when all households were included in the 

analysis. Even when we excluded households that trust less than three private sector 

actors, no subgroups emerged. However, residents of the Lower and Middle regions 

presented a higher degree centrality related to trust with external private actors, 
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indicating that overall, they tend to trust a higher number of private sector entities than 

residents of the Upper region which again, were located on the network’s periphery 

(black nodes) (Figure 3-6). 

Interactions Outside the Reserve and Household Income 

No household heads interviewed were members or representatives of external 

institutions. Within the reserve polygon, although all RDAER households were legal 

members of AMORA, only the 11 elected representatives recognized and articulated 

their membership (Table 3-1). Data related to cities most frequented by households of 

the three RDAER regions showed that residents of the Lower and Middle regions only 

visited Altamira (Table 3-1). On the contrary, in the Upper region, we found a more 

diverse scenario in terms of cities visited: two households exclusively visited Altamira, 

two exclusively visited Itaituba, and two visited both. In addition, results of participation 

in meetings showed no correlation with representation in AMORA. However, we found a 

significant correlation with AMORA representation and participation in capacity building 

courses to improve reserve management (p = 0.0457)(Table 3-1). 

Total household income in RDAER ranged from R$ 596 to R$ 21,871 in 2009, and 

in all three regions, we observed that at least two households showed outstanding total 

household income (Table 3-1). We found no significant correlations between total 

household income and age of head of household, schooling, nor time of residence at 

that particular location. However, representation on AMORA was strongly correlated 

with total household income (p = 0.0152); RDAER household’s heads that were 

representatives of AMORA earned a much higher total income in comparison to non-

representative residents. This is the case in the Lower and Middle regions, where the 

two highest-earning households were members of AMORA. In the Upper region, the 
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household with the highest total income is an AMORA representative, but the next 

highest-earning household is not. Finally, we also found a significant positive correlation 

between total household income and time of residence within the reserve (p = 0.0381), 

with long-term residents earning a higher total income. 

Non forest-based income was also highly correlated with AMORA representation 

(p = 0.0112). Results showed that in the Lower and Upper region most AMORA 

representatives earned the majority of their 2009 income from non forest-based 

sources. In the Lower region, more than 70% of total income of AMORA representatives 

was sourced from non forest-based products. We observed this same trend in the 

Upper region. Middle region AMORA representatives diverged from this pattern in that 

only one AMORA representative had a higher portion of total income sourced from non-

forest-based products. In addition, age of household head seemed also to have a 

positive effect on total non forest-based income (p = 0.0775). 

No variation in total household income was evident when comparing earnings 

among residents from the three RDAER regions (Table 3-2). Nonetheless, families from 

the Middle region tended to earn a higher proportion of their total income from forest 

products (Table 3-2, p = 0.1064), in opposition to the Lower and Upper regions where 

households had most of their income sourced from non forest-based activities. 

Contributions of non forest-based activities were not significantly different 

between regions (Table 3-2).  Nonetheless, residents of the Lower and Upper regions 

received twice as much income from non forest activities as those in the Middle region, 

but the types of non forest activities they focused on were different. Upper region 

residents tended to have a greater proportion of their income from agricultural activities, 
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gold mining and contract wages (64% vs. 46% in the Lower region). In contrast, Lower 

region residents earned a larger portion of their income from government social benefits 

(mostly retirement, maternity, and school payments) (p = 0.2064). In that region, the 

contribution of governmental social benefits to total household income was almost 3 

times higher than in the other RDAER regions. 

Discussion 

We set out to explore social network structures within sustainable use reserves 

and how they link to different sources of income, mainly forest and non forest-based 

income. Below, we highlight three key factors that we hypothesized would explain social 

network structures and their link to sources and amount of household income: 

geographic location of households, formally-recognized social positions of residents, 

and trust that residents have with external actors. We also explored the importance of 

trust with external actors for building collaboration for reserve management. Finally, we 

provide insights on the utility of social network analysis as applied to sustainable use 

reserves. 

The Primacy of Geographic Location 

Internal social networks explained by household settlement patterns 

Our findings showed that geographic location of reserve households was the 

primary factor defining social networks among households in the reserve. Indeed, 

geographic location is considered one of the most basic sources of influence of social 

connections because it is easier and less costly to connect people who are in close 

proximity (McPherson et al. 2001). In RDAER, where residents had no access to 

technologies that could improve communication, geographic space played an important 

role on the intensity and frequency of contact with other reserve residents (McPherson 
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et al. 2001). Accordingly, the Upper region was the most isolated area given that the 

river flows in a northeasterly direction and navigability during part of the year is 

restricted; residents of this region had much less access to residents of the other two 

regions. In contrast, closer to the mouth of Riozinho do Anfrísio river in the Middle and 

Lower regions, navigability and access to other reserve residents increased, allowing 

more interactions among reserve residents of those two regions. Still, RDAER social 

interactions were mostly restricted to those households that shared the same region as 

defined by household settlement pattern. 

Based on these results, we can assume that these three RDAER regions 

represent not only the attachment that reserve residents have with their physical 

environment, but also the social relations that they have with residents that share the 

same place. When individuals share a socially constructed setting, they learn how to 

live with others, and develop practices of cohabitation (Cheng et al. 2003; Kemmis 

1990). This seems to be the case of RDAER, such that the geographic regions 

represent three socially constructed settings where people influence each other (Cooley 

1909, Festinger et al. 1950, Homans 1950, Kadushin 1966). 

Geographic location seemed also to influence the number of households that had 

a central position as providers of supplies and equipment in RDAER, given that the 

number of centralized households decreased as geographic isolation increased. In 

RDAER, more isolated households had less access to residents of other regions, 

forcing them to depend on few households for supplies and equipment. Indeed, 

scholars have argued that isolation, and consequently, the limited communication that 

isolated areas have with the outside world, strengthens the dependence of residents on 
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just a few key individuals (Da Cunha 2003). This is clearly the case of the social 

network structure related to the provision of canoes, where the number of households 

that lent this equipment increased the closer one lived to the mouth of Riozinho do 

Anfrísio river. Even though this same structure was not so apparent regarding provision 

of motorboats, we still observed that the Lower region, the most accessible region in 

RDAER, presented a higher number of households that served as providers of 

motorboats in comparison to the other more isolated RDAER regions. 

Access to RDAER regions determined social networks linked to external actors 

When analyzing linkages to external actors, geographic location also appeared as 

an important determinant of RDAER social network structures. Overall, households of 

the Lower and Middle regions were much more connected with external actors than 

Upper region residents, who tended to occupy a more peripheral location in all social 

networks studied. External actors from Altamira had easier and more consistent access 

via river traffic to the Lower and Middle regions. In contrast, river access to the Upper 

region from Altamira, but also overland from Itaituba, was extremely difficult and 

restricted most of the year. 

The emergence of two subgroups related to external visits also seemed to be a 

consequence of geographic location – in this case, city access. External actors located 

in Altamira had better access to the Lower and Middle regions and thus visited more 

residents in those regions, while Upper region residents received more visits from 

external actors located in Itaituba. 

Geographic location and access also seemed to influence comparative levels and 

types of assistance received by RDAER residents. First, more Lower region residents 

(those with easiest access to Altamira’s numerous external actors) received assistance 
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from external actors than their resident counterparts in the two other RDAER regions. 

Secondly, NGOs and governmental organizations, all located in Altamira, predominantly 

assisted households located in the more easily accessed Lower and Middle regions, 

while Upper residents remained on the periphery of both the governmental and NGO 

networks. This uneven coverage is significant since governmental organizations and 

NGOs are officially responsible for provision of most socio-environmental services to the 

reserve. On the other hand, private sector actors have no official authorization to 

operate within the reserve, which could explain why only 5 out of 24 households 

received assistance from private sector actors. An alternative geographically-linked 

explanation could be that private sector actors, almost entirely located in Itaituba, could 

not provide much assistance because they had almost no physical access to the Lower 

and Middle regions and only restricted access to the Upper region. Still, the social 

network structure related to private sector assistance revealed two subgroups: one 

composed by Upper region residents and one by Lower region residents. 

These results indicate that households from the Upper region have connections 

with a different set of private sector actors than Lower region residents, which was 

again determined by the geographic location of RDAER households and external actor 

access from Itaituba and Altamira, respectively. Geographic location can also explain 

the fact that no Middle region residents received assistance from private external actors. 

Private sector actors differ not only on their geographic location, but also their activities. 

The Altamira-based private actors are worker union organizations that provided 

citizenship and organizational services at the inception of reserve creation, and are thus 

highly linked to governmental and NGO activities within the reserve. Itaituba-based 
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private actors are mainly ranchers, loggers and land grabbers, which in most cases, 

operate illegally within the reserve context. 

Formal Social Positions Mattered 

Formal social positions also emerged as an important factor linked to RDAER 

social network structures. Residents who were elected representatives of the local 

RDAER association (AMORA) were particularly important actors both within the reserve 

and with external actors. Because they were required to participate in external meetings 

related to reserve management, AMORA representatives had greater access to external 

resources, and therefore, serve as important sources of information and goods 

accessed through their social connections (Burt 2000, 2004). Indeed, in a remote region 

such as RDAER, this greater access through social relations made other reserve 

residents perceive these representatives to be potential providers of supplies and 

equipment. With few exceptions, they were indeed key lenders of canoes and 

motorboats (Table 3-1, Columns 5, 10 and 11). Likely, their possession of motorboats, a 

very expensive item that most RDAER residents could not afford on their own, was a 

direct result of their formal position. Most reserve motorboats were donated by NGOs 

that operate in the reserve, and their allocation to AMORA representative households 

makes institutional sense. However, while households in which a resident had a formal 

job with external actors also presented more interactions with external actors as did 

AMORA representatives, they did not emerge as central actors within the reserve. 

Perhaps because they were not elected representatives, reserve residents did not 

expect them to be benefits providers as were AMORA representative households. 

Our findings also showed that visits received by external actors were concentrated 

on households that had AMORA representatives (Table 3-1, Columns 5 and 12) and on 
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a few households that had a job linked to external actors, partially explaining why only 9 

out of 24 RDAER households received visits from more than three external actors. 

Similarly, external assistance was concentrated on these same households. This was 

the case of one Upper region household head with a formal job in one of those 

organizations (Figure 3-3 and Table 3-1; household 19). While it was expected that 

AMORA representatives would receive more visits from external actors, particularly 

from government organizations and NGOs operating within the reserve since its 

creation in 2004, we had not expected that AMORA representatives would also receive 

assistance from more external actors than non-AMORA representatives. We expected 

government organizations and NGOs responsible for reserve management and 

implementation to have an egalitarian approach, and thus provide benefits to all reserve 

residents. 

Trust as Explained by Social Interactions and Formal Social Positions 

Social scientists have argued that it is through social interactions that trust is 

formed (Coleman 1988, Fukuyama 1995, Warren 1999); and simultaneous exchange of 

goods fosters reciprocity, which then increases trust (Putman 1993, Pretty 2003). Thus, 

it was expected that households that received more visits, but especially more 

assistance from external actors - since from the perspective of reserve residents 

assistance could be understood as an act of reciprocity - would have more trust with 

those external actors. Indeed, the households that trusted most of the external actors 

were households from the Lower and Middle regions that received more visits and 

assistance from external actors. On the contrary, residents of the Upper region, which 

had a more peripheral position within the social networks related to visits and 

assistance, had also a peripheral position in the social network related to trust, 
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indicating that those households trusted only few external actors. Correlations between 

trust to external actors and location related to the three RDAER regions were 

statistically significant (p = 0.027), which confirmed the variation found in this study in 

relation to the degree of trust that households from different RDAER regions have to 

external actors. More importantly, the strong statistically significant correlations found 

between AMORA representation and degree of trust (p < 0.01) may indicate that trust in 

RDAER is formed through formal social positions, or perhaps that social position is a 

consequence of trust. In all three RDAER regions the residents that trusted most of the 

external actors had a formal social position, mainly as representatives of the local 

RDAER association (AMORA). 

Our findings also showed that few households had trust with most governmental 

organizations, which were the primary organizations responsible for reserve 

management. Furthermore, those households formed two subgroups, indicating that 

those reserve residents trusted different sets of governmental organizations. The social 

network structure related to trust that reserve residents had with NGOs showed no 

subgroups, but Upper region residents, had again a peripheral position. Furthermore, 

most of the households that trusted most of the governmental organizations and NGOs 

were AMORA representatives (Figure 3-6, see households # 2, 3, 7, 9, 12, 13, 15, 16, 

20, and 22). 

Historically, Upper residents have been perceived by government, and also non-

government organizations, as opponents to reserve creation because of their past 

connections with external actors, mainly linked to the rancher, logger, and land grabber 

sectors located in Itaituba (information sourced from interviews). Indeed, conflicts 
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between Upper and Lower region residents, which were the most connected with 

governmental and non-governmental organizations, were frequent during reserve 

creation. Almost 8 years later, some governmental and NGO representatives are not 

allowed to enter landholdings of some Upper region residents. While these conflicts 

have diminished in recent years, our findings suggest that Upper residents still do not 

trust the majority of those organizations. Trust building in RDAER seems to be 

predominantly achieved through ongoing social interactions linked to formal social 

positions - a mechanism that has reached only few households in RDAER. 

Linking Social Networks and Trust with Household Income 

Our findings showed that greater interactions favored by geographic location and 

formal social position seemed to promote formation of trust among reserve residents 

and external actors, which may affect total household income, and income sourced 

externally. Scholars have also pointed out the direct effect of membership (in clubs, 

associations, and other social organizations) and contract work among managers on 

income (Corral & Reardon 2001; Boxman et al.1991). Thus, the links among AMORA 

representativeness, their high connectedness with external actors, and the total 

household income found in this study (Table 3-1), plus the statistically significant 

correlation of AMORA representation with non forest-based income (p = 0.0112), seems 

to support the findings of those scholars. We have argued above that the higher degree 

of trust that households with a formal social position had with external actors could be 

explained by the higher interaction that those households had with those external 

actors, as required by their formal social position (Coleman 1988; Fukuyama 1995). 

Using the same rationale, we also argue that the higher degree of trust that households 

with a formal social position had with external actors, which determined their social 



 

91 

networks with external actors, could also favor their access to external resources 

provided by those actors. 

Analysis of the different sources of income, in light of the connections that reserve 

residents from different regions have with different groups of external actors, make the 

links among social networks, trust and income more apparent. Thus, contribution of 

government benefits to total household income is much higher in the Lower region 

(31%) than in the other RDAER regions (15% and 13% in the Middle and Upper, 

respectively) (Table 3-2), which seems to be a consequence of the higher number of 

Lower region residents that had good connections and trusted most NGOs and 

governmental organizations. In fact, it is through governmental organizations and NGOs 

that government benefits can be accessed in this reserve, since those organizations are 

responsible to assist reserve residents to access benefits such as retirement salary. 

Thus, it would be expected that households with a better relationship with those external 

actors would also have better access to resources accessed through those actors. 

Lower region residents also sourced part of their total income from formal government 

jobs or contract wages in temporary positions with fishing or as boat drivers for itinerant 

traders. This is also a consequence of the greater and more seasonally consistent 

connections that Lower region residents have with fishers and itinerant traders not 

afforded to the other two RDAER regions where river navigation is extremely restricted 

year round. 

An almost opposite scenario was observed on the Upper region. Here, most 

households earned the majority of their non forest-based income from contract wages 

linked to ranching, logging and mining activities, and only one Upper resident had a 
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formal job in a governmental organization. These reserve residents clearly presented 

less connection and had less trust with governmental organizations and NGOs than 

residents from the two other regions. However, they had more access to the rancher, 

miner, and logger sectors than residents of the other two regions, which could explain 

the higher income from activities linked to those external actors and lower income from 

government benefits. Finally, Middle region residents had the lowest non forest-based 

income in RDAER, even though they had more connections and more trust with 

external actors than residents of the Upper region. They were well-connected with 

NGOs and governmental organizations and indeed had a higher income from 

government benefits than Upper residents. However, the lack of social interactions 

among Middle region residents and private sector actors, and the fact that only three 

Middle residents trusted actors from those sectors seemed to limit their access to these 

other sources of income, which contributes to the fact that those residents rely more on 

forest products (Coomes et al. 2004, McElwee 2008, Duchelle 2009, Duchelle et al. 

2011). 

Several other ecological, social and economic factors affect household income in 

RDAER (Chapter 2), but social networks and degree of trust, as determined by 

geographic location and formal social positions, seemed to also influence total 

household income in this reserve since it allows reserve residents to access different 

external sources of income. Studies have demonstrated the importance of geographic 

location on the engagement of rural people in non-farm activities because it influences 

the access to financial and human resources (Berdegué et al. 2001; Lanjouw 2001; 

Reardon et al. 2001; Ruben & Van den Berg 2001); and empirical evidence of the 
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importance of personal relationships on access to jobs and market opportunities was 

provided by Fafchamps (2004). Furthermore, D’haese et al. (2008) tested different 

types of determinants of business income in rural households in Nicaragua, and found 

that trust, particularly generalized trust (Knack & Keefer 1997), was an important factor 

determining household income. Accordingly, our findings indicate the importance of 

geographic location as a factor affecting the social interactions that RDAER residents 

have with different groups of external actors, and therefore, their access to different 

sources of income. This study also highlights the importance of the role of formal social 

positions in RDAER social networks, and consequently the importance of those social 

networks and the degree of trust that reserve residents have with external actors for 

household income sourced externally. 

Utility of Social Network Analysis Applied to Sustainable Use Reserves 

Sustainable use reserves aim to protect natural ecosystems and promote the 

sustainable use of natural resources, while fostering economic and social benefits to 

local communities (Dudley 2008). Success of these reserves is highly dependent on 

cooperation among different actors collaboratively involved in reserve management, 

and how residents use reserve resources to make their living. Social network analysis 

can be a powerful tool to help reserve managers identify: (1) the different social groups 

operating within the reserve, (2) the social position of reserve residents, (3) interactions 

between those inside the reserve polygon and external actors, (4) factors that explain 

the structure of extant social networks, and (5) how those social interactions are linked 

to household sources of income. 

Sustainable use reserves, like extractive reserves, are commonly demarcated in 

huge geographic areas that comprise multiple subgroups of individuals – communities 
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within, what an outsider perspective might define, as one large reserve community.  

Although these subgroups have their own patterns of social interactions (including 

informal arrangements of assistance and degrees of trust as observed in the three 

RDAER geographic regions), they tend to be lumped together under the same reserve-

level governance framework. Distinct needs, geographic and/or socioeconomic 

orientations, as well as the potential conflictive and cooperative elements that may exist 

between those subgroups are potentially ignored (Cronkleton et al. 2011). Furthermore, 

scholars emphasize that efforts to support reserve governance should “start at the basic 

level of production units where people have vested interests” (Cronkleton et al. 2011, p. 

467). 

Within these different socially constructed groups, identification of central 

households can facilitate reserve management. Highly connected residents disseminate 

ideas, practices and resources, and can serve as agents to foster collective action. 

Central individuals have the potential to influence members of the same social group, 

but also individuals that pertain to other places and compose other groups (Cheng et al. 

2010). Their social standing can elevate their position such that they can influence 

individuals outside their particular subgroup (Cheng et al. 2010); they have potentially 

disproportionate effects on attitudes and opinions of others (Friedkin 1998). Thus, they 

have the potential to influence natural resource management plans and initiatives within 

reserves. 

RDAER management, as in most sustainable use reserves globally, involves 

reserve residents as well as government and non-governmental organizations under a 

collaborative governance structure. Success in these collaborative management 
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settings is contingent upon providing equal opportunities to participate in the decision 

making process related to rules and norms regarding the use of natural resources 

(Ostrom 1990), and also access to adequate mechanisms that allow interactions at local 

scales of governance (Cronkleton et al. 2011). Our network analysis revealed 

discrepancies in levels of engagement between external actors and reserve residents. 

Most visits and assistance by external organizations were concentrated on households 

with easy access because of their privileged geographic location and their formal social 

position related to reserve management. Additionally, the positive correlation between 

participation of households in courses and representation in AMORA indicates that most 

households were excluded from capacity-building initiatives that took place in this 

reserve. 

It is important to highlight that not all forms of social interactions produce the best 

outcomes for everyone. Associations can serve household residents in many different 

ways, but they can also perpetuate inequity and encourage conformity, which can 

constrain the emergence of sustainability (Portes & Landolt 1996). In our case, while the 

prevalence of social interactions that AMORA representatives in particular had with 

external actors could be viewed as a problem, success of this strategy is highly 

dependent on the existence of appropriate mechanisms that guarantee the transfer of 

the knowledge gained and access to external resources to non-representatives, thus 

spreading more effectively within the reserve. Still, the fact that non-representatives of 

AMORA did not even recognize their membership in this association suggests a 

fundamental lack of awareness of the governance structure created to manage this 
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reserve. It symbolizes perhaps the unequal levels of participation by reserve residents 

that can ultimately compromise reserve governance. 

 Finally, social network analysis proved to be extremely useful in linking household 

income, mainly sourced from forest and non forest-based activities, with the social 

relations that reserve residents have with external actors. Indeed, research and theory 

emphasize the role of formal structures in individual’s beliefs, views and behaviors. 

Thus, by sharing values developed through organizational culture, formal structures 

constrain views and behaviors of its members (Deal & Kennedy 1982, Hill & Jones 

2000, Hill 2009). Our results showed that reserve residents that are well-connected to 

external actors tended to earn part of their income from activities linked to those 

external actors. However, how these linkages and income sources may foster or 

compromise reserve integrity remains unclear. 

In conclusion, social network analysis can be a powerful tool for managing 

sustainable use reserves. It sheds light on internal and external social interactions in a 

management setting highly dependent on collaboration among different actors to 

guarantee long-term viability of these reserves. Furthermore, it is a useful tool that can 

be integrated with other analytical tools to capture the socioeconomic and ecological 

complexity of those sustainable use reserves.   
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Figure 3-1.  Social network within the reserve featuring three subgroups represented by 

the different colors and degree centrality (number of connections an actor has 
with other actors) for borrowing a canoe, and shaped by regional 
classification (circle nodes = Lower, square nodes = Middle, and triangle 
nodes = Upper region). Bigger nodes represent higher degree centrality. 

 

Figure 3-2.  Social network within the reserve featuring three subgroups represented by 
the different colors and sized by degree centrality (number of connections an 
actor has with other actors) for borrowing motorboats, and shaped by regional 
classification (circle nodes = Lower, square nodes = Middle, and triangle 
nodes = Upper region). 
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Figure 3-3.  RDAER household network of number of visits received from 
representatives of external organizations using Girvan-Newman subgroup 
analysis. The number of relations in this network was defined as greater than 
3, which means that households that received visits from less than 3 different 
representatives of external organizations were excluded from the analysis 
(these isolates are seen in the column on the left hand side of the figure). 
Degree centrality is represented by node size and measures the number of 
external actors that visits each household (biggest nodes = high degree 
centrality); and region by node shape (circle nodes = Lower, square nodes = 
Middle, and triangle nodes = Upper region). 
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Figure 3-4.  RDAER network of households that received assistance from at least two 
external actors using Girvan-Newman subgroup analysis. Degree centrality is 
represented by node size and measures the number of external actors that 
provided assistance to each household (biggest nodes = high degree 
centrality); and region by node shape (circle nodes = Lower, square nodes = 
Middle, and triangle nodes = Upper region). 
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Figure 3-5.  RDAER networks of households that received assistance from external 
actors. Diagrams are presented separately for each of the three different 
groups of external actors: governmental institutions, non-governmental 
organizations, and private sector. Degree centrality is represented by node 
size and measures the number of external actors that provided assistances to 
each household (biggest nodes = high degree centrality); and region by node 
shape (circle nodes = Lower, square nodes = Middle, and triangle nodes = 
Upper region).

Governmental Organizations 

Non-Governmental 

Organizations 

Private Sector 
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Figure 3-6.  RDAER networks revealing degree of trust that household have with 
external actors using Girvan-Newman subgroup analysis. Diagrams represent 
degree of trust that households have with the three different groups of 
external actors: governmental institutions, non-governmental organizations, 
and private sector. Diagrams of governmental and non-governmental 
organizations show households that trust more than two organizations, while 
private sector diagram represents all RDAER households, even the ones that 
trust only one external actor. Degree centrality is represented by node size 
(biggest nodes = high degree centrality) and measures the number of external 
actors that each household trusts; and region is represented by node shape 
(circle nodes = Lower, square nodes = Middle, and triangle nodes = Upper 
region). 
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Table 3-1.  Households characteristics, representation of RDAER household’s head on AMORA, participation in meetings 
and courses, most frequently visited cities, degree centrality of borrowing canoes and motorboats, and number 
of visits and assistance received by external actors, and household income. 
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Table 3-2.  Descriptive statistics of average household characteristics, forest-based and non forest-based income, and the 
total household income in each RDAER region (Lower, Middle and Upper), and p-values denoting the 
significance of regional differences. 

 

 

  

N Mean  (SD) N Mean  (SD) N Mean  (SD) N Mean  (SD) p-value

Household Characteristics

Size (# people) 9 10 (7.13) 8 9 (3.93) 8 7 (2.19) 25 9  (4.93) <.0001

Age of household head 9 48  (14.46) 8 46  (13.86) 8 36  (10.58) 25 44  (13.66) 0.1669

Time lived in Reserve (years) 9 39  (12.06) 8 40  (18.23) 8 36  ( (10.59) 25 38  (13.46) 0.8295

Time lived at landholding  (years) 9 21  (11.38) 8 23  (19.21) 7 13  (16.80) 24 19  (15.87) 0.4014

Household Income 2009 (R$)

Forest Based Income 9 2025 (1985) 7 3759 (3707) 7 1753 (1643) 23 2470 (2587) 0.2929

Non-Forest Based Income 9 6617 (5713) 7 2765 (2793) 7 5766 (6864) 23 5171 (5419) 0.4065

     Agriculture and Chickens 8 2278 (1959) 7 1024 (676) 7 2492 (2580) 22 1947 (1933) 0.3179

    Governmental Social Benefits 9 2627 (3114) 7 960 (2540) 7 953 (2520) 23 1610 (2777) 0.3891

    Other Sources (gold mining, contract wages, and health agent) 9 1712 (3225) 7 781 (1521) 7 2321 (3783) 23 1614 (2950) 0.6367

Total Income 9 8642 (6525) 7 6524 (5516) 7 7519 (8110) 23 7641 (6507) 0.8623

    Contribution of Forest Based Income to Total Income 9 24% (30%) 7 58% (67%) 7 23% (20%) 23 33% (40%) 0.1064

    Contribution of Agriculture Income to Total Income 8 26% (30%) 7 16% (12%) 7 33% (32%) 22 25% (30%) 0.4761

    Contribution of Government Benefits to Total Income 9 30% (48%) 7 15% (46%) 7 13% (31%) 23 21% (43%) 0.2064

    Contribution of Other Sources to Total Income 9 20% (49%) 7 12% (28%) 7 31% (47%) 23 21% (45%) 0.7816

Variable
RESERVELOWER MIDDLE UPPER
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CHAPTER 4 
HETEROGENEITY INSIDE THE EXTRACTIVE RESERVE POLYGON: 

IGNORING SOCIOECOLOGICAL VARIATION AND LIVELIHOOD OUTCOMES AT 
THE PERIL OF LONG-TERM RESERVE VIABILITY 

Sustainable Use Reserves and Socioecological Heterogeneity 

Extractive Reserves have been seen, and also sold, as a successful model that 

can reconcile human well-being, sustainable resource use, and forest conservation.  In 

general, the implementation and management of extractive reserves, and other types of 

sustainable use reserves, are based on the premise that these areas are relatively 

homogeneous, which in consequence, promotes the implementation of development 

and conservation initiatives that are also homogeneous. This premise of “homogeneity” 

can compromise the long term viability of these conservation units, because it neglects 

the socioeconomic and ecological variation that drives distinct livelihoods that are more 

(and less) conservation friendly and economically sustainable. In this study, we aim to 

bring heterogeneity to the fore, with a detailed focus on one Brazilian Extractive 

Reserve (Riozinho do Anfrísio Extractive Reserve, hereafter RDAER).  We also discuss 

the implications of this heterogeneity for resident livelihoods and ultimately, the viability 

of the extractive reserve model. 

Reserve residents have different degrees of access to natural resources, and the 

resources themselves vary biologically and spatially in these conservation units. Social 

aspects, such as education, labor availability, age of household members, time of 

residence, and consequently, the household knowledge about available natural 

resources, also vary internally. Driving forces also include variations in access to 

sources of income, different household interests, and the related likelihood to engage in 

different activities, which are in part related to household social networks (Chapter 3) 
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and the interactions that reserve residents have with external agents. This complex mix 

of factors determines resident livelihoods, and must be integrated into the 

implementation and management plans of these conservation units for long-term 

reserve viability. 

Livelihood choices are crucial for the success of the extractive reserve model and 

its dual goals to conserve the natural resources and biodiversity within these units, and 

to sustain reserve residents. In this article we aim to: 

 Briefly review the conception of the extractive reserve model. We commend this 
novel conservation strategy that formally acknowledges that humans and their 
forest-based livelihoods can and should be integrated into conservation agendas. 
This model largely assumes that all resident livelihoods are based on non-timber 
harvests that could conserve the forest and economically sustain reserve 
residents. 

 Demonstrate that in today’s reality, livelihoods are diverse.  Not all residents rely 
solely (or even mostly) on NTFPs for income generation.  

 Provide insights into the importance of recognizing and integrating this 
heterogeneity into reserve implementation for long-term success.   

The Extractive Reserve Model 

How the Model was Conceptualized 

The creation of the extractive reserve model in the 1980s represents the main 

achievement of a social movement by Western Amazonian rubber tappers who were 

struggling to guarantee their rights to their land, natural resources, and traditional way of 

life (Allegretti 1994; Allegretti & Schmink 2009; Almeida 2002; Hall 2004). The great 

uniqueness of the extractive reserve model is that it allows the reconciliation of 

development, environmental conservation and social equity because it defines a 

territory, a space, and a way to secure livelihood systems of traditional communities 

over large tracts of well-conserved forest areas (Allegretti 1989; Keck 1995). The rubber 
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tapper livelihood system, which is based on the extraction of forest products dispersed 

through hundreds of hectares used by each rubber tapper family, was seen as highly 

compatible with forest conservation (Gradwohl & Greenberg 1988; Schwartzman 1989). 

First, this form of land use stands in stark contrast to the dominant Amazonian 

development model at the time that stimulated conversion of inhabited forests, albeit at 

low human densities, to pastures and agricultural areas, which resulted in land 

concentration in the hands of few, and violent conflicts. On the conservation end of the 

spectrum, this emerging model provided a dramatic break from the dominant paradigm 

that dictated that protected areas need be devoid of humans for effective conservation.  

The concept of extractive reserves integrated conservation and development like never 

before; they were viewed as a promising solution to secure land rights of traditional 

Amazonian communities and their forest-based livelihoods while conserving large tracts 

of forests (Fearnside 1989; Keck 1995; Schwartzman 1989). 

This promising model of reconciling conservation and development rapidly spread 

throughout the Amazon region, attaining even global implementation. In the Brazilian 

Amazon alone, approximately 25 million ha of forests (ICMBio 2011) are protected 

under the principles of this conceptual model. It has been extended to a diversity of 

traditional populations that encompass rubber tappers and other NTFPs harvesters, 

lowland (várzea) riverine communities, fishers, and small scale ranchers. It also 

includes social groups that engage in subsistence production, but also embrace 

commercial activities linked to forests (Castro 2009). The success of the extractive 

reserve model had such an impressive impact on the international conservation 

community that it precipitated the creation of a new category in the World Conservation 
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Union (IUCN) Protected Area Categories system, the category of Managed Resource 

Protected Areas (Category VI). Furthermore, IUCN recently changed the name of that 

category to Protected Area with Sustainable Use of Natural Resources (Dudley 2008), 

fortifying the idea that traditional management regimes of forest communities can 

facilitate long-term conservation. 

Scholars have long-recognized the biological and sociocultural diversity within 

sustainable use reserves (Ankersen & Barnes 2004), even in the earlier years of model 

creation (Allegretti 1994; Hall 1997). This internal biological and sociocultural 

heterogeneity, as well as the regional context in which these reserves are embedded, 

play important roles in how reserve residents use and manage their natural resources, 

and on the livelihood portfolios adopted by these residents. Indeed, scholars have 

pointed out the need to integrate extractive reserves into the regional economy, and 

have recognized that agriculture and small scale livestock activities are also part of the 

traditional livelihood portfolio of reserve residents (Allegretti 1994; do Rêgo 1999). 

One question debated since the creation of the extractive reserve model has 

been: “Are these reserves socioeconomically viable, considering their focus on NTFP 

extraction?” The answer to this question is directly related to the livelihood portfolios 

adopted by reserve residents, since those livelihoods need to link conservation goals 

with improvement of reserve resident well being. Overall, traditional livelihood portfolios, 

which include those of sustainable use reserve residents, are a combination of resource 

use activities, small-scale livestock, and agriculture (Castro 2009; Coomes et al. 2004). 

Those activities can have a subsistence or commercial character, and are influenced by 

several socioeconomic, cultural, and biological factors. Therefore, the complexity of 
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livelihood portfolios found in reserves and the different socioeconomic and ecological 

factors that influence them are central to the debate of sustainable use and 

management of those sustainable use reserves. 

What Socioeconomic and Ecological Factors Influence Livelihood Portfolios? 

One of the primary factors that directly influence livelihood portfolios in the context 

of forest conservation is providing secure rights to forest communities, so they have 

guaranteed access to natural resources (Ostrom 1990; Scoones 1998). This key 

condition is successfully achieved in the case of sustainable use reserves since the 

designation of those reserves, and the clear definition of the external boundaries, 

guarantee secure rights to resident families (Brown & Rosendo 2000; Cronkleton et al. 

2011). However, the rights to use natural resources are not the only factor that 

determines whether traditional residents continue to engage solely or even mainly on 

forest-based activities. Access to and quality of natural resources are important factors 

determining resource use and management (Castro 2009; Duchelle 2009; Newton 

2011, Pattanayak & Sills 2001) and therefore, they influence directly the adoption of a 

more forest-based livelihood portfolio. In addition, other ecological factors, such as 

habitat type, spatial distribution of natural resources, and seasonality of production are 

also crucial for the contribution of forest resources to livelihoods in those reserves 

(Brown & Rosendo 2005; Newton 2011, Duchelle 2009). 

Key factors are also related to the socioeconomic diversity of reserve residents. 

The ability of reserve residents to benefit from different opportunities and to overcome 

inevitable constraints is directly linked to their ability to exploit those opportunities. The 

household structure directly influences the ability of reserve residents to adopt a 

diversified livelihood portfolio or to incorporate a specific economic activity (Futemma et 
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al. 2002; Perz & Walker 2002), and informs its reliance on forest products versus non-

forest products (Coomes & Burt 2001; Newton 2011; Pattanayak & Sills 2001). Castro 

(2009, p. 167) has demonstrated that “households with a larger number of adult 

members tend to add more activities to their economic repertoire.” In addition, 

characteristics such as household headship, sex and age of forest users, schooling, and 

time of residence also influence engagement in forest-based activities. Ultimately, they 

determine whether household livelihood portfolios meet conservation goals (Cavendish, 

2000; Pattanayak & Sills 2001; Shone & Caviglia-Harris 2006). 

Access to different livelihood resources is also of particular importance in the 

context of sustainable use reserves. Differential access that reserve residents have to 

financial and economic resources, through organizational issues, institutional 

arrangements, politics, and power (Castro 2009; Scoones 1998), can contribute or not 

to the adoption of portfolios that suit sustainable use reserves. 

Multiple exogenous socioeconomic factors at larger scales (i.e., regional, national 

and global) are also key factors that influence livelihood portfolios adopted by reserve 

residents (Castro 2009; Coomes and Barham 1997; Homma 1992; Mahapatra et al. 

2005; Shackleton & Shackleton 2004). Across the tropics, drivers of deforestation have 

shifted from rural farmers to major industries and economic globalization (Butler and 

Laurence 2008). In the Amazon, soy and beef industries are the primary drivers, 

responding to worldwide economic signals from such seemingly distant factors such as 

“mad cow disease”, China’s economic growth, and avian flu (Nepstad et al. 2006). 

Other factors external to the reserves, such as technological innovation, market access 
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and demand, and policy measures, all ultimately impact livelihood adoption within the 

reserves. 

Finally, a wide range of risks (such as injury and illness, disability, death, drought 

and other crop failures, theft, livestock disease and losses, and many others) is directly 

linked to livelihood portfolios, given that households have to respond to those risks 

(Cavendish 2003). Livelihood portfolios are also outcomes of trade-offs faced by forest 

households, where differential access to different resources may have negative or 

positive implications for the adoption of livelihood portfolios that meet sustainable use 

reserves goals (Scoones 1998). Therefore, livelihood portfolios are constantly being 

created, negotiated, and adapted through the economic, social and environmental 

changes taking place within and outside reserve polygons. 

The Changing Livelihood Process Occurring in Extractive Reserves 

Scholars emphasize the need to take into account the diversity and dynamism of 

extractive reserve resident livelihoods (Campbell 1996; Salisbury & Schmink 2007), and 

the importance of household-level factors as drivers of the different livelihood portfolios 

adopted (Gomes 2001). Recent studies also show that livelihoods of reserve residents 

are a combination of subsistence activities with market production and wage labor 

(Campbell 1996; Ehringhaus 2005), and in some cases, this income diversification has 

indeed improved the livelihoods of reserve residents (Ruiz-Pérez et al. 2005).  

In today’s reality of extractive reserves and other sustainable use reserves, 

resident livelihoods are in a continuous process of change (Ehringhaus 2005; Gomes 

2009; Souza 2006; Wallace 2004). The creation of extractive reserves itself, with the 

provision of services such as basic health, schooling and the emergence of 

entrepreneurial within-reserve cantinas, coupled with new employment opportunities 
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that arose with the insertion of infrastructure and social services, are contributors to 

economic diversification within reserves (Ruiz-Pérez et al. 2005). 

Constraints related to forest product extraction may be another reason for 

changing livelihoods. Reserve residents rely on few key NTFPs, dictated partially by the 

ecological variability and extraction seasonality of any given NTFP, the lack of access to 

markets, and the poor prices of those forest products (Brown & Rosendo 2000; Ruiz-

Pérez et al. 2005). Even though extraction of forest products is still an important activity 

performed by reserve residents, agriculture is becoming an increasingly important 

source of cash income (Castelo 1999; Guerra 2004; Ruiz-Pérez et al. 2005; Salisbury & 

Schmink 2007). In addition, these same studies have shown that cattle ranching and 

pensions have gradually expanded in some reserves (Ruiz-Pérez et al. 2005; Salisbury 

and Schmink 2007; Vadjunec et al. 2009), showing a changing process from forest-

based to non-forest based livelihoods. This transition threatens to compromise 

extractive reserve goals. These changes are also a clear result of the external economic 

forces influencing reserve residents, mainly driven by market demand and prices 

(Vadjunec et al. 2009). Indeed, research results from one of the oldest and most studied 

extractive reserve in Brazil, the Chico Mendes Extractive Reserve, showed that it was 

“undergoing surprisingly rapid land-use and land-cover changes with cattle and 

agriculture as the main drivers of such change” (Vadjunec et al. 2009, p. 269). 

Extractive reserves and other sustainable use reserves are surely an important 

conservation strategy since these conservation units serve as efficient barriers to 

deforestation in tropical areas (Nepstad et al. 2006; Vadjunec et al. 2009). However, the 

livelihood change processes taking place in these reserves suggest that greater focus 
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on the internal socioeconomic and ecological dynamics is needed to address long-term 

reserve viability. 

Heterogeneity Inside the Polygon:  
The Case of Riozinho do Anfrísio Extractive Reserve 

Riozinho do Anfrísio Extractive Reserve (RDAER) was created in 2004 by the 

Brazilian federal government in response to a violent process of land speculation and 

deforestation (Campos & Nepstad 2006). The need to secure rights of resident families, 

coupled with the existence of Brazil nut across this region and the high reliance of the 

local population on this NTFP, generated great enthusiasm among the social and 

environmental movements to create this reserve. Located in the municipality of 

Altamira, Pará state (54°39’18.28"W, 4°45’33.98"S), RDAER supports a population of 

approximately 300 people in 26 households sparsely distributed along the Riozinho do 

Anfrísio River (2-1). Thus, RDAER is on the low-population end when considering the 

population of other sustainable use reserves in Brazil. It encompasses approximately 

736,430 ha of old-growth forest, and is commonly divided into three distinct 

socioeconomic and ecological regions: the Lower, Middle, and Upper regions. This 

geographic division is mainly determined by biophysical differences and the different 

geographic locations along the Riozinho do Anfrísio River, which determine proximity 

and access to the main surrounding cities (Altamira and Itaituba) (Figure 2-1). 

Household residents traditionally live on subsistence hunting, fishing, agriculture, small-

scale poultry, and the harvest of forest products (Rocha et al. 2005). NTFPs and some 

agricultural products, mainly manioc flour, are sold for cash income and usually to 

itinerant traders (regatões). 
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We set out to evaluate the socioecological heterogeneity within RDAER and how 

it is linked to the livelihood portfolios adopted by reserve residents. To do this, we: (1) 

used Brazil nut as a model NTFP species to analyze the ecological and social factors 

that determine the contribution of this important forest product to RDAER household 

income, and (2) identified how the connections between RDAER households and 

different groups of external actors (government institutions, non-government 

organizations, and commercial enterprises and cooperatives related to the private 

sector) influence household incomes. 

To determine the different sources of income and total household income, we 

applied a livelihood survey adapted from the Center for International Forestry Research 

Poverty and Environment Network (CIFOR PEN; http://www.cifor.org/pen/research-

tools/the-pen-prototype-questionnaire.html) to 23 of the 26 RDAER households. In 

addition, we used structured interviews and forest inventories to evaluate internal 

socioecological variation related to Brazil nut use and management. Finally, we used 

social network questionnaires to identify household social networks with external actors. 

For details on the methodology used see Chapters 2 and 3. 

Even though we found no internal variation in total household income, we did find 

variation in the contribution of forest vs. non-forest based income to total income (Table 

4-1). This variation was mainly influenced by the spatial distribution and quality of Brazil 

nut stands, which were linked to access to Brazil nut trees, management practices, and 

household size. Household geographic location was also an important factor 

determining income in RDAER since it influenced access to external sources of income 

http://www.cifor.org/pen/research-tools/the-pen-prototype-questionnaire.html
http://www.cifor.org/pen/research-tools/the-pen-prototype-questionnaire.html
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through the social relations that reserve residents had with actors located outside the 

reserve. 

Results from the evaluation of Brazil nut internal socioecological heterogeneity 

showed that Brazil nut stand quality, as indicated by tree characteristics (diameter, 

crown form, crown position, and liana loads), counted fruit production, and reported 

production, varied among the three reserve regions (Table 4-2). In addition, reserve 

residents from different regions had different access to Brazil nut trees, which 

influenced their investment on this product as evidenced by management practices 

performed and number of return-trips made to individual trees during the same Brazil 

nut season. All these socioecological factors affected income sourced from Brazil nuts 

in the reserve and played an important role on reliance of RDAER households on this 

NTFP. 

Overall, the further tree stands were geographically located from the mouth of 

Riozinho do Anfrísio River, the lower their stand quality, which in turn decreased overall 

productivity. Access to Brazil nut trees was also different among RDAER regions, with 

residents from the Upper region having the most difficult access to Brazil nut trees in 

comparison to residents of the other two regions. Simply, Brazil nut stands in the Upper 

region were located further from their homes, making it more time-consuming and 

physically challenging to reach productive trees. The lack of Brazil nut access and the 

lower quality of Brazil nut stands in the headwaters of Riozinho do Anfrísio River 

seemed to be the main factors that resulted in minimal investment of Upper region 

residents on Brazil nut management and correspondingly, limited use of this NTFP for 

household income (Table 4-1). In addition, some household characteristics, mainly 
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household size and dependency ratio (household consumers: household producers), 

also influenced resident reliance on Brazil nut in this reserve. Brazil nut harvest is a 

labor-consuming activity and the number of economically active household members 

directly affected the amount of Brazil nuts harvested. Finally, descriptive statistics 

suggest that household heads in the Upper region were comparatively younger and had 

lived for less time on their landholdings. Furthermore, they had more formal education, 

which could also affect their NTFP reliance since forest users with less accumulated 

forest knowledge, shorter residence times, and more years of schooling tend to invest 

less in NTFPs (Pattanayak & Sills 2001; Shone & Caviglia-Harris 2006; te Velde et al. 

2006). 

Interestingly, although stand quality in the Lower region was superior to the 

similarly lower quality stands in both Upper and Middle regions, it was Middle region 

residents who reported higher Brazil nut income than either of their regional 

counterparts. Key household factors did not explain why Lower region residents did not 

earn more from Brazil nuts than their Middle region neighbors: household size, 

dependency ratio, age, time of residence, and time lived in landholding were 

comparable for these two regions. Middle region residents even had poorer access to 

their Brazil nut trees than Lower region residents. Why did Middle region residents, 

then, earn more from Brazil nuts?  Our data suggest that because of their more distant 

geographic location from the mouth of the Riozinho do Anfrísio River, and consequently 

lack of access to external sources of income, they invested much more effort in this 

NTFP than residents of the other two regions. Middle region residents invested 

significantly in Brazil nut management practices, specifically cutting lianas, a recognized 
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practice that increases Brazil nut fruit production (Kainer et al. 2007) yet barely 

practiced by Lower and Upper region residents. They also pursued a larger number of 

return-trips to individual Brazil nut trees. The amount of time and effort that they 

invested resulted in a higher number of Brazil nuts harvested, and consequently, a 

higher income sourced from this NTFP (Table 4-1). 

One of the main assumptions of the extractive reserve model is that the traditional 

livelihoods of forest populations meet forest conservation goals since these populations 

rely mostly on the extraction of forest products or on activities of low environmental 

impact, such as small-scale, mostly subsistence agriculture and livestock (Allegretti 

1994; do Rêgo 1999; Hall 1997). Considering this assumption, we might then ask: “Are 

the livelihood portfolios of RDAER residents traditional and complementary to the 

extractive reserve model?” and “How do these livelihood portfolios differ among the 

three RDAER regions?” 

Our results showed that overall RDAER residents indeed mostly rely on forest 

products and small-scale agriculture to source their income (Table 4-1), which are 

traditional activities recognized as complementary to forest conservation and in the 

context of the extractive reserve model (Allegretti 1994; do Rêgo 1999; Hall 1997). 

However, the contribution of income sourced externally in this reserve is considerably 

higher, especially considering that RDAER is located in a very remote area, without 

roads or other infrastructure that provides easy access to the surrounding cities and 

external income sources. Furthermore, RDAER residents were practically isolated from 

external actors and external sources of income until the 1980s, when small mining 

areas opened in RDAER and some reserve residents engaged in this activity (Rocha et 
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al. 2005). Only more recently, land grabbers and loggers reached RDAER and used 

reserve resident labor to open logging roads and build runways (Rocha et al. 2005). 

Following the creation of the reserve in 2004, residents began to access government 

jobs and social benefits. Therefore, the incorporation of external sources of income, 

mainly contract wages, formal jobs, and government social benefits to household 

livelihood portfolios in RDAER, is a relatively recent process. 

When comparing the livelihood portfolios adopted in the different RDAER regions, 

our results showed that Middle region residents presented the most traditional livelihood 

portfolio in the context of an extractive reserve, since most of their income was sourced 

from forest products (58%), with a relevant contribution of Brazil nuts (23%) and from 

small-scale agriculture and chicken husbandry (16%) (Table 4-1). On the contrary, 

forest-based income in the Lower and Upper regions was approximately half of that 

observed in the Middle region (24% and 23%, respectively vs. 58%), while the 

contribution of agriculture and chickens in the Lower and Upper regions was twice as 

much as in the Middle region (27% and 33%, respectively vs. 16%), mainly in the Upper 

region where agriculture and chicken were the main source of income to those 

residents. 

In the Lower region, households sourced 50% of their income externally, mainly 

from government benefits (30%), but also from formal jobs and temporary labor wage 

(20%) (Table 4-1), which gave this region the least “traditional” livelihood portfolio in 

RDAER. The Upper region presented an intermediary livelihood portfolio in comparison 

to the other two RDAER regions. In this region, most household income was 

traditionally sourced, from agriculture (33%) and forest product extraction (23%). 
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However, formal jobs and wage labor from temporary jobs and gold mining income 

(totaling 31%) indicate a high regional reliance on income sourced externally. 

Indeed, results from our social network analysis with external actors (Chapter 3) 

showed that household geographic location influenced access that reserve residents 

had to different sources of income. Households from different RDAER regions had 

varying degrees of access to the most proximate cities of Altamira and Itaituba, which 

influenced their social networks with urban external actors (Table 4-2), and thus, their 

access to external resources. While residents from the Upper region had better access 

to Itaituba, and Lower region residents were more connected to Altamira, Middle region 

residents had no access to Itaituba, and less access to Altamira. Consequently, this 

geographic constraint limited their access to external sources of income, as indicated by 

the negligible contribution of government social benefits and the other sources of 

income to Middle region residents (Table 4-1). Similarly, Upper region residents were 

also constrained in accessing government social benefits because of their geographic 

location. Although well connected to Itaituba, they were further away from Altamira, the 

city that provides government social benefits. As a result, Upper region residents had 

poorer social relations with the Altamira-based government and non-governmental 

organizations. However, Upper residents had better connections with external actors 

located in Itaituba, who were mostly linked to the private sector, and consequently, 

Upper region residents earned a higher income from wage labor and temporary jobs 

linked to those private sector actors. 

Among all RDAER regions, Lower region residents had the best access to 

Altamira during the entire year. This better access allowed them to cultivate better 
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connections with most external actors studied, particularly those linked to government 

and non-government organizations. As a result, Lower region residents earned the 

highest income from government social benefits, and also considerable income sourced 

from formal jobs linked to government organizations located in Altamira. 

Social network analysis results also showed that formal social position was linked 

to the social relations that RDAER households had with external actors. Residents who 

were elected representatives of the local RDAER association, AMORA, or had formal 

positions with external organizations such as a health care worker, had greater access 

to external actors, and overall received more visits and assistance from those external 

actors (Table 4-2). Indeed, by the nature of holding a formal social position, these 

employed residents had to have more frequent access to external actors. These 

households also displayed a higher degree of trust toward external actors than 

households without formal social positions. Furthermore, the degree of trust that 

households with formal social positions showed toward external actors was linked to 

non-forest based income (p < 0.01). These findings indicate that formal social position 

could favor access to external resources provided by external actors with whom 

residents are formally linked. 

Findings from this study demonstrate that key factors that influence household 

income and hence livelihood portfolios adopted by reserve residents include, Brazil nut 

socioecological heterogeneity, and variation of household social networks with external 

actors, as well as the determinants of these social networks. The long-term viability of 

RDAER, and indeed other extractive reserves, depends to a high degree on the 
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livelihood portfolios adopted within those polygons, and how those portfolios meet 

conservation goals while improving resident well-being. 

Implications for Sustainable Use Reserves 

Sustainable use reserves tend to encompass larger territories and combine 

multiple communities that use and manage different forest resources. The livelihood 

strategies adopted in those conservation units, even in a reserve such as RDAER with 

only 26 households, are diverse since they are the result of resident transformation of 

the available resources into goods, services and income. This transformation is highly 

dynamic and can be achieved through a variety of strategies. Therefore, the success of 

sustainable use reserves as a conservation strategy is related to its capacity to 

accommodate this sociocultural and ecological diversity. 

Results from our study in RDAER confirmed that livelihood portfolios adopted by 

reserve residents were linked to the socioecological heterogeneity that this reserve 

encompasses. We showed that the context of each of RDAER regions is a key 

determinant of the availability of resources that reserve residents can use to pursue 

their livelihoods, and these contexts influence the livelihood portfolios adopted. Reserve 

managers and conservationists that aim to foster livelihood portfolios that are suitable to 

the context of sustainable use reserves such as RDAER, need to understand the 

internal socioecological contexts and how they affect the adoption of diverse livelihood 

portfolios. Furthermore, this internal heterogeneity needs to be integrated into the 

reserve management plan and its implementation. 

Local-Specific Approaches 

We argue that a primary aspect related to interventions that aim to foster suitable 

livelihood portfolios in sustainable use reserves is the understanding of the local-specific 
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contexts of those reserves. Although conservation and development initiatives taking 

place in sustainable use reserves frequently build upon traditional natural resource uses 

and management, addressing the internal complexity and heterogeneity of these 

polygons in the design and implementation of these interventions is critical to their long-

run viability. Detailed assessment of the socioeconomic, ecological, and cultural factors 

influencing livelihoods is necessary, including how the diverse livelihood systems within 

these reserves function or fail to function. Qualitative and quantitative data are required 

to assess the variety of livelihood portfolios adopted and the outcomes that they 

produce, most of which can be assessed through secondary data sources. However, 

the specific contexts of different reserves also demand an investment in local field 

research (Ahenkan & Boon 2010; Cavendish 2003; Meikle et al. 2001; Sallu et al. 

2009). This assessment will help managers and conservationists to gain a better 

understanding of the socioeconomic, ecological and cultural factors that contribute to or 

constrain the adoption of different livelihood portfolios. The RDAER study presented in 

this article, and many other studies (Boxman et al. 1991; Cavendish 2000; Gomes et al. 

2012; Janse & Ottitsch 2005; Newton 2011; Shone & Caviglia-Harris 2006), provides 

insights into some of the socioecological factors that affect livelihood adoption. Because 

of the socioecological diversity that sustainable use reserves comprise, we emphasize 

the need for local-specific research to guide local-specific interventions. 

The scale at which these assessments take place is also of great relevance when 

analyzing the adoption of different livelihood strategies, since even within the same 

household, different individuals may adopt different livelihood strategies to pursue their 

needs. The degree of household engagement in different livelihood strategies is related 
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to their skills, knowledge, physical capability, social networks, and the financial and 

economic resources available. This same rationale can be applied at the household, 

community, and regional scales; and because each of these scales presents a unique 

dynamic that produces differentiated outcomes, these different scales need to be 

considered within the context of sustainable use reserves and the livelihood portfolios 

adopted (Scoones 1998). 

Following an assessment of local-specific information, managers and 

conservationists involved in reserve implementation and management, would be able to 

identify the strengths and weaknesses of the different portfolios adopted within 

households, but also within different reserve regions. Or in other words, it would help to 

identify the variety of factors operating at different scales (individual, households, or 

communities), and which livelihood portfolios meet sustainable use reserve goals at 

differentiated levels. This information can thus guide the adoption of local-specific 

interventions that integrate the internal local heterogeneity of these polygons into their 

implementation and management plan. Furthermore, such an approach would help 

managers to address the constraints that limit adoption of livelihood portfolios that meet 

conservation and development goals. 

Another important aspect to be taken into account is that livelihood strategies are 

a process and not a simple end outcome (Meikle et al. 2001). Because livelihood 

portfolios are a result of the social and ecological relations taking place on those 

polygons, they are continually changing and adapting to the specific conditions that 

reserve residents face. Livelihood strategies have the primary aim to address reserve 

residents’ needs and interests, and thus, assessment and intervention needs to be a 
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consultative and participatory process. Interventions also require a level of flexibility and 

adaptability that provide room to accommodate the changing process that takes place 

on these reserves. 

Scholars have also emphasized the importance of recognizing the socioeconomic 

aspects that promote changes in forest user identities (Vadjunec et al. 2012), and the 

different cultural and value systems associated with the adoption of different livelihood 

strategies (Berkes & Davidson-Hunt 2006). The expansion of urban areas and 

infrastructure around sustainable use reserves increases the connection between 

reserves and the surrounding cities. Furthermore, policies that favor and promote the 

expansion of activities that are not compatible with sustainable forest uses, influence 

the cultural values and identities of reserve residents, and thus affect their livelihood 

portfolios (Vadjunec et al. 2012). 

Taking into account those important aspects, and also the findings of the RDAER 

study, we advocate that conservation and development interventions within sustainable 

use reserves acknowledge and incorporate: 

 The variety of livelihood portfolios adopted by reserve residents; 

 The complexity and local specificity of these livelihood portfolios; 

 The different scales at which the socioecological factors operate (individual, 
households, and community); 

 The social relations related to livelihood portfolios at these different scales; 

 The cultural values related to the adoption of livelihood portfolios and the conflicts 
that may be generated by divergent value systems; 

 The continued and dynamic process of change in livelihood portfolios adopted; 

 The adoption of interventions that allow flexibility and the ability to respond to 
these changes; 
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 Interventions that aim to remove the constraints that limit adoption of livelihood 
portfolios that meet conservation and development goals; and 

 Investments to seek compatible and alternative future livelihood portfolios if 
current ones do not meet reserve goals. 

Institutional Mechanisms for the Governance of Heterogeneous Polygons 

Many scholars have emphasized the importance of robust institutions for 

community-based natural resource management and aspects related to the governance 

of protected areas, such as sustainable use reserves (Agrawal 2007; Agrawal & 

Gibbson 1999; Cox et al. 2010; Ostrom 1999). It is not the aim of this article to provide a 

detailed discussion on institutions and principles underlying community-based natural 

resources management, but instead to focus on some important aspects related to the 

institutional framework adopted for extractive reserve governance, and implications for 

the livelihood strategies of residents and the long-run viability of these reserves. 

The institutional framework set up for extractive reserves is a crucial mechanism 

for the long-run viability of these reserves (Hall 1997) since it influences the 

socioeconomic activity and behavior of residents (Agrawal 2001; Ostrom 1990), and 

lastly, affects the economic repertoire that they adopt (North 1999). The formal 

regulations and procedures, organizational issues, politics, and power established by 

the institutions operating on these reserves are important determinants of how reserve 

residents can use and manage their natural resources, and also access financial and 

social resources to meet their needs (Agrawal 2005; Gautam & Shivakoti 2005; 

Scoones 1998). 

In extractive reserves, as in other sustainable use reserves, the institutional 

framework was designed to guarantee participation of local communities in reserve 

decision-making processes (Mannigel 2008). Therefore, it is based on a co-
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management system where the local communities, formally represented by their local 

associations, the federal environmental agency (Chico Mendes Institute of Biodiversity 

Conservation – ICMBio), and other stakeholders, are jointly responsible for reserve 

implementation and management (Brasil MMA 2000). Even though the aim of this co-

management system is to assure participation of local communities in reserve 

governance, scholars have pointed out that the institutionalized rules that were created 

reduce the autonomy of reserve residents because they limit their management rights 

(Cronkleton et al. 2011; Cunha 2010; Pacheco 2010). Furthermore, current structures 

focus on local organizations (associations formally recognized by the reserve model) 

which lack autonomy, and external agents tend to make the major decisions regarding 

natural resources use (Cronkleton et al. 2011; Cunha 2010; Pacheco 2010). 

The institutionalization of the extractive reserve model surely represents an 

important achievement for Amazonian forest users since it secures the rights of land 

and natural resources that those populations depend on for their livelihoods. However, it 

was conceived under the assumption that reserve residents were relatively 

homogeneous communities, and thus would engage cooperatively on natural resource 

management to maintain their forest-based livelihoods (Cardoso 2002). Indeed, and as 

stated by Turner (1999, p. 649): “Practitioners tend to expect the ‘community’ to be an 

immutable group of people jointly managing a delimited common resource through 

uncontested, clear rules of access.” 

As illustrated in our RDAER study findings, these reserve polygons cannot be 

understood and managed as a ‘common-pool resource’ because in reality they consist 

of heterogeneous systems, with different social groups operating at different scales and 
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using a variety of resources and livelihood strategies independently (Cardoso 2002; 

Cronkleton et al.  2011). However, the institutional framework adopted on those 

reserves tends to fortify the idea of homogeneity as attested by at least two formal 

mechanisms required on management and implementation, and the way that they have 

been applied in those reserves: the Utilization Plan (“Plano de Uso”) and the creation of 

local agencies to represent reserve residents. 

The utilization plan 

The Utilization Plan is a formal mechanism that regulates the use, management, 

and monitoring of natural resources (See Cardoso 2002 for a detailed description of the 

legislation and the formal procedures of extractive reserves). Local agencies must exist 

even before reserve creation, because local communities can only request extractive 

reserve denomination through organizations that formally represent them. These are 

also the institutional mechanisms whereby reserve residents participate in reserve 

governance (Brown and Rosendo 2000). 

Even though these two mechanisms secure the rights of reserve residents over 

land and natural resources and regulate the use of those resources that they depend 

on, in most cases, they do not provide enough room for diversity since they do not take 

into account the socioeconomic and ecological heterogeneity of those polygons. Indeed, 

Cardoso (2002) questioned the effectiveness of these mechanisms in her analysis of 

the robustness of common-property institutions in Chico Mendes Extractive Reserve, in 

Acre. She showed that the institutional framework and the mechanisms that govern the 

use of natural resources in that extractive reserve had a differential impact on 

independent rubber estates (or seringais) mainly because they neglected the 

differences among those estates. This impact may be negative or positive for natural 
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resource management (Cardoso 2002), and therefore, it could also have negative or 

positive impacts on reserve resident livelihoods. As also exemplified by the RDAER 

results presented here, it is crucial that the Utilization Plans of extractive reserves take 

into account the local and internal socioeconomic and ecological diversity when 

establishing rules and norms that regulate natural resource use (Agrawal 2002; Cox et 

al. 2010; Ostrom 1992). In this sense, we suggest the disaggregation of the Utilization 

Plan into different and perhaps more flexible sets of rules and norms that address the 

internal heterogeneity of those polygons. These different sets of rules should be based 

on the local biophysical, ecological, and socioeconomic conditions of the different areas 

that comprise these large conservation areas (Agrawal & Chhatre 2006; Tucker et al. 

2007; Schlager et al. 1994). Plans also need to take into account the different forest 

uses of the social groups that inhabit those reserves, and engage them directly in 

making the rules that apply to reserve (or their region of the reserve) governance.  

Participation by residents in internal rulemaking has been found to increase the 

probability of obtaining positive forest conservation and livelihood results (Persha et al. 

2011). Finally, managers need to consider the social relations that residents have with 

external agents and how those relations affect their engagement in different economic 

activities that compose their livelihood portfolios (Sick 2008; Ostrom 1990). Thus, ideally 

a zoning strategy approach should be used to identify the different socioecological 

regions that exist within those polygons as applied in the Jaú National Park in the 

Brazilian Amazon (Oliveira & Anderson 1999), and subsequently different sets of rules 

could be used to regulate the use of natural resources in those different zones by the 

social groups that operate in those areas. 
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Local agencies 

Local agencies are undoubtedly an important mechanism for reserve residents 

since they provide a space for residents to discuss their own needs and priorities, and 

serve as a channel to communicate those needs, priorities, and views on issues that 

affect them. In this way, they generate information that can be useful in the decision-

making process related to livelihood strategy adoption. They are also an important 

mechanism to disseminate useful and important information related to reserve 

management regulation, relevant within the context of natural resources management 

and livelihoods. Hall (1997) argues that local agencies are a key component for the 

success of extractive reserves since they ensure that reserve residents exercise 

effective control over natural resources. However, if these local agencies do not 

acknowledge the heterogeneity related to the social groups, power inequalities, and 

different interests operating within reserve, they may not provide egalitarian benefits or 

serve residents positively (Cox et al. 2010; Korten 1980; Scott 1998). Furthermore, if 

those local agencies are not self-organized and lack the autonomy required to ensure 

that reserve residents maintain control over natural, financial and social resources, then 

their effectiveness can be compromised. 

In our RDAER study we found important relationships between household 

income, degree of trust, and formal social positions linked to the local RDAER 

association (AMORA). These relationships result in unbalanced access to external 

resources among AMORA and non-AMORA representatives. In this way, they highlight 

the importance of evaluating the impact of institutional mechanisms on the adoption of 

livelihood portfolios and the distribution of services and benefits among reserve 

residents. Within the context of sustainable use reserves, primarily because of their 
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internal complexity and heterogeneity as well as the large areas that they comprise, 

local agencies and mechanisms that regulate reserve implementation and management 

need to be designed to address the different problems and demands existing in those 

reserves. In addition, scholars pointed out that trust, transparency, and legitimacy are 

important conditions for the functionality and effectiveness of institutions related to 

natural resource management (Cox et al. 2010; Harkes 2006) mainly because they 

favor engagement in natural resources management and monitoring activities. Thus, the 

adoption of several small local agencies to represent reserve residents might be 

preferable than the adoption of only one central local agency that represents the entire 

reserve (Cardoso 2002), since they could address the socioecological heterogeneity of 

those polygons. In RDAER we could envision at least two local agencies, if not three, to 

compose the institutional framework of that reserve: one to represent Upper region 

residents, and another for the Lower and Middle regions residents. We recognize that 

RDAER has only a small number of households and it may be costly to have more than 

one local agency to represent this limited population. However, these households are 

distributed in a huge area, and indeed are located in different socioecological zones and 

represent different social groups operating in this reserve. Therefore, we believe that 

the adoption of an institutional framework with this type of configuration could provide 

many advantages for the extractive reserve governance and their residents, and 

overcome the costs to create and maintain these local agencies. Some of the 

advantages envisioned are the following: 

 Association representatives may be more efficient in their tasks since they will be 
more aware of the problems and demands of their associates and the local 
conditions related to them, which would contribute to their ability to respond to 
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those demands and issues, and not have to spend time with issues in which they 
are not knowledgeable or do not recognize as important; 

 The dissemination of information among members of those local associations 
would be facilitated since residents that share the same place are usually well-
connected with each other because of their physical proximity; 

 This configuration would favor the occurrence of meetings and other spaces of 
discussion because associates share the same place and would be able to 
participate more actively; 

 A more equitable representation would be promoted since groups that share the 
same place and face the same livelihood conditions would have more trust in local 
residents to represent their needs; 

 Consequently, it would reduce the number of conflicts generated by different 
interests, opinions, and representativeness and power inequalities, which emerge 
in local agencies that represent innumerous different social groups; 

 Local agencies that represent a well-connected group of residents who share the 
same physical space may also deal with fewer and less complex issues. 
Considering the need that reserve residents have to adapt to such new 
institutional mechanisms, and also the time that it requires, local agencies that are 
small and function in a simple way, would also contribute to the learning process 
on adapting to new institutional mechanisms; and 

 Management efficiency and accountability may also be favored since local 
agencies would coordinate and search for financial support for specific activities 
that respond to a small, similar group of residents. It may prove to be an 
advantageous strategy since access to small and specific funds may be easier 
through different mechanisms and from different donors. 

We recognize that these insights relate to only two institutional mechanisms that 

shape the governance of extractive reserves. Many other institutional aspects are 

important in the context of sustainable use reserves. However, these two mechanisms 

are a crucial part of reserve governance because they directly affect the livelihood 

strategies adopted by reserve residents by: (1) regulating the use and management of 

natural resources, and (2) facilitating greater participation and sharing of information 

within the reserve and with other stakeholders. These are two recognized conditions for 
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the long-term reserve viability (Brown & Rosendo 2000; Gibson 2001; Mannigel 2008; 

Potetee & Ostrom 2004). 

Challenges and Benefits of Taking into Account this Socioecological 
Heterogeneity 

Sustainable use reserves are a considerably new conservation strategy that has 

grown immensely in the last years. Concurrently, we see an increase in the political and 

financial investments made on these reserves. However two decades after the creation 

of this model and following massive international and domestic investments applied to 

these conservation units, the development improvements in these reserves have been 

relatively slow. Furthermore, the limited evidence that traditional livelihood strategies 

can transform into alternatives that complement conservation goals puts in question the 

viability of these units. This scenario may indicate a certain degree of failure of the 

conservation and development interventions taking place in these reserves, as a 

consequence of limited integration of multi-level socioeconomic and ecological 

heterogeneity that encompass these reserves. Indeed, there is an emerging consensus 

that adoption of interventions and institutional mechanisms that integrate the internal 

heterogeneity of those areas is central to achieving positive conservation and 

development outcomes. In addition, such mechanisms must promote an egalitarian 

distribution of benefits and empower local communities through their participation in the 

decision-making and governance processes of these conservation units (Campbell et al. 

2010; Cronklenton et al. 2011). 

The governance of sustainable use reserve is not an easy task considering the 

remoteness and large areas that these polygons comprise, the socioecological 

complexity involved in natural resources management, and the interactive effects of 
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numerous variables that operate within and across multiple socioeconomic and 

environmental scales in those reserves. Thus, we recognize that the adoption of an 

integrative approach as suggested in this article is extremely challenging. Furthermore, 

we emphasize that the adoption of this integrative approach must complement rather 

than replace conventional conservation and development approaches taking place in 

those areas. 

An integrative approach in the context of sustainable use reserves will require that 

practitioners and managers be willing to invest a significant amount of time and 

resources within these conservation units to build the trusting relationships and long-

term commitments. The investment of managers in building trustworthy relationships 

with local communities can allow for a more nuanced understanding of the 

socioecological interactions taking place in those reserves. Also, such relationships can 

empower and promote the participation and engagement of the local communities in 

reserve governance. A more consistent, physical presence within these reserves would 

also facilitate a process of cooperation among managers and local residents to find joint 

solutions that address felt needs. Thus, one of the main challenges for the application of 

these integrative approaches is short-handedness of qualified staff in government and 

non-governmental agencies engaged in reserve governance. The problem here is not a 

lack of qualified professionals, but the lack of financial resources to hire these 

professionals. Currently, most of available funds for conservation and development 

interventions are directed to investment in infrastructure and short-term initiatives. 

Governance of sustainable use reserves is a long-term adaptive process, which implies 
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a necessary long-term commitment and investment of stakeholders and professionals in 

conservation and development interventions. 

Another important challenge is the lack of skills among local people related to 

engaging in these integrative approaches and interventions. Resident communities of 

these reserves usually are illiterate, have cultural and language barriers that limit their 

ability to express their perspectives, and lack a history of cooperation to solve common 

problems. These conditions apply to many Amazonian extractive reserves. Within this 

context, natural resources management is based on individual families rather than on 

joint activities that involve the populations within those reserves. 

Because sustainable use reserve governance implies a learning and adaptive 

long-term process, it also requires that managers and practitioners understand and 

acknowledge the constant socioeconomic and ecological changes taking place in these 

reserves across temporal and spatial scales. Such a dynamic context demands 

flexibility to adequately respond to these changes. Many conservation and development 

initiatives taking place on sustainable use reserves are highly dependent on earmarked 

funds, which mean that they are unable to spend their financial resources on activities 

that were not previously specified and approved by donor institutions. This certainly 

represents an important challenge for most of organizations involved in these initiatives 

and on reserve governance. We recognize that with creativity and persistence this has 

been successfully achieved in some reserves in the Amazon (e.g. in the Mamirauá 

sustainable use reserve, which has managed to have long-term goals and the 

corresponding funding that goes with it). However, this is not the case in many 

sustainable use reserves. Thus, it is important that those organizations start a dialog 
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with donor institutions to guarantee that conservation and development funding allow for 

more flexible and adaptable approaches to spending. 

Considering the lack of information about how the systems of sustainable use 

reserves function, a higher investment in social and ecological research is also required 

for the sustainable viability of these conservation units. Nowadays, most of the 

investment and effort expended within these reserves is on conservation and 

development initiatives that are rarely based on the local socioecological conditions of 

these reserves because of the lack of this specific information. Indeed, there is not a 

formal or mandatory requirement for local-specific socioecological research for the 

formulation of an extractive reserve Utilization Plan. In addition, most organizations 

(governmental and non-governmental) that compose the Management Council of 

sustainable use reserves do not have a strong research tradition. These circumstances 

constrain research activities in reserves, because they must rely on third party 

institutions or even hired individual researchers to carry out such local-specific research. 

In the case of Brazil, a formal collaboration among government agencies and NGO 

members of a reserve Management Council, specifically the ICMBio, with federal and 

state universities could be a good alternative to overcome this challenge.  Masters and 

PhD students could carry out systematic research in these conservation units that could 

serve the development and conservation interventions taking place in those units. This 

type of arrangement would guarantee that the local-specific research would target the 

main needs and problems faced by reserve residents and organizations involved in the 

implementation and management of these conservation units. Collaboration would also 

facilitate the acquisition of official authorization required in order to carry out research in 
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these protected areas. Authorizations could be provided through the federal and state 

universities collaborating with ICMBio. Finally, such agreements would also ensure that 

ICMBio maintained control over the research carried out and the data generated in 

these reserves. We recognize that these collaborations are opportunistically occurring in 

some extractive reserves in Brazil; however, this is not a common practice. 

We have argued in this article that the success of sustainable use reserves 

depends on the integration of the socioeconomic and ecological local-specific conditions 

and the multiple scales implied in the sustainable use reserve governance. This 

integration would ensure that reserve residents are the main players and beneficiaries 

of the governance processes taking place in the reserves. It would guarantee the 

efficient investment of scarce human and financial resources in interventions that truly 

address the specific conservation and development needs of these reserves. And 

finally, it would facilitate the creation of robust institutional mechanisms that respond to 

the specific conservation and development contexts and needs of those conservation 

units. We also recognize that major challenges exist to the integration of complexity and 

heterogeneity within reserve implementation and management. However, we believe 

that long-term reserve viability would be better served if stakeholders involved in 

reserve governance would invest in efforts to (1) acknowledge and integrate 

socioecological heterogeneity and (2) develop participatory bottom-up approaches that 

take into account the multiple scales necessary to govern these reserves. 
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Table 4-1.  Contribution of different sources of income to household total income in the three RDAER regions, and p-
values denoting the significance of regional differences. 

 

N Mean  (SD) N Mean  (SD) N Mean  (SD) N Mean  (SD)

HOUSEHOLD INCOME 2009 (R$)

Forest-Based Income 9 2025 (1985) 7 3759 (3707) 7 1753 (1643) 23 2470 (2587) 0.2929

   Brazil nut 9 1143 (1487) 7 1347 (1170) 6 335 (439) 22 988 (1206) 0.2956

Non Forest-Based Income 9 6617 (5713) 7 2765 (2793) 7 5766 (6864) 23 5171 (5419) 0.4065

   Agriculture and Chickens 8 2278 (1959) 7 1024 (676) 7 2492 (2580) 22 1947 (1933) 0.3179

   Governmental Social Benefits 9 2627 (3114) 7 960 (2540) 7 953 (2520) 23 1610 (2777) 0.3891

   Other Sources (formal jobs, wage contracts, gold mining) 9 1712 (3225) 7 781 (1521) 7 2321 (3783) 23 1614 (2950) 0.6367

Total Income 9 8642 (6525) 7 6524 (5516) 7 7519 (8110) 23 7641 (6507) 0.8623

CONTRIBUTION OF DIFFERENT SOURCES OF INCOME (%)

Forest-Based Income 9 24 (30) 7 58 (67) 7 23 (20) 23 33 (40)

    Brazil Nut Income 9 16 (15) 7 23 (8) 6 9 (16) 22 17 (14)

Non Forest-Based Income 9 76 (88) 7 42 (51) 7 77 (85) 23 67 (83)

    Agriculture and Chickens Income 8 26 (30) 7 16 (12) 7 33 (32) 22 25 (30)

    Government Social Benefits Income 9 30 (48) 7 15 (46) 7 13 (31) 23 21 (43)

    Other Sources of Income (formal jobs, wage contracts, gold mining) 9 20 (49) 7 12 (28) 7 31 (47) 23 21 (45)

p-valueVariable
LOWER MIDDLE UPPER RESERVE
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Table 4-2.  RDAER internal socioecological heterogeneity (positive signs indicate 
intensity). 

 

LOWER MIDDLE UPPER

Mean  (SD) Mean  (SD) Mean  (SD)

Stand quality

    Diameter (cm) 160.1 (46.4) 150.6 (43.6) 149.6 (41.4)

    Crown form GOOD BEST FAIR

    Liana loads INTERMEDIATE INTERMEDIATE INTERMEDIATE

    Crown position BEST BEST BEST

    Counted Fruit Production (total number of fruits) 3058 899 786

Management Practices Performed (% of households) 43 86 0

Access to Trees (minutes) 42 (51) 118 (272) 288 (359)

Number of Trip-Returns to Trees 3 (1) 4 (3) 1 (1)

Reported Fruit Production (number of boxes harvested in 2009) 662 731 242

Altamira ++++ ++ +

Itaituba +++

External Actors

    Government Organizations

          Assistance Received +++ ++ +

          Degree of Trust +++ +++ +

    Non-Governmental Organizations

         Assistance Received ++++ ++ +

         Degree of Trust ++++ ++ +

    Private Sector

         Assistance Received ++ +

         Degree of Trust +++ ++ +

   Visits Received by all External Actors ++++ ++ +

Households with a Formal Social Position

   Visits and Assistance Received ++++ +++ +

   Degree of Trust ++++ +++ +

Households without a Formal Social Position

   Visits and Assistance Received ++ +

   Degree of Trust +++ + +

Size (# people) 10 (7) 9 (4) 7 (2)

Household Dependecy Ratio 0.9 (0.7) 0.6 (0.6) 1.4 (1.02)

Age of Household Head 48  (14) 46  (14) 36  (11)

Time Lived in Reserve (years) 39  (12) 40  (18) 36  ( (11)

Time Lived at Landholding  (years) 21  (11) 23  (19) 13  (17)

Schooling  (cumulative years) 0.25  (0.46) 0.00 0.41  (0.73)

HOUSEHOLD CHARACTERISTICS

SOCIAL NETWORKS

FORMAL SOCIAL POSITION

Variables

BRAZIL NUT SOCIOECOLOGY

ACCESS TO MAIN CITIES
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CHAPTER 5 
CONCLUSION 

Sustainable use reserves have been touted as a land tenure model that reconciles 

development and conservation. The central assumption behind these reserves is that 

the traditional management regimes of reserve residents are sustainable, and thus the 

standing forests on which they depend for their livelihoods, will also persist in the long 

term. Therefore, adoption of livelihood strategies that meet conservation and 

development goals is a crucial factor for the long-term reserve viability. The three 

manuscripts that form this dissertation explores the socioecological factors that 

determine household income in RDAER, and how the socioecological heterogeneity 

existing in this extractive reserve links to different livelihood portfolios adopted by 

reserve residents. 

Findings from the first manuscript (Chapter 2) support the initial assumption that 

Brazil nut ecological and socioeconomic heterogeneity exists in Riozinho do Anfrísio 

Extractive Reserve, and that this internal heterogeneity determines the use and 

management of this important forest product. Resource quality and access are 

important aspects driving Brazil nut use and management, and lastly in shaping its 

contribution to household income. The socioeconomic differences found among RDAER 

residents, and its impacts on Brazil nut use, management and income, confirm the 

importance of taking into account household socioeconomic variables when analyzing 

the contribution of forest resources to household income. Furthermore, our results 

showed that even though household income is relatively even across all regions of 

RDAER, a more detailed analysis of the contribution of forest products and Brazil nut to 

household income, coupled with the geographic, ecological and socioeconomic aspects 
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that affect household income in that reserve, revealed a more complex economic 

scenario. This complexity resulted from internal RDAER socioecological heterogeneity, 

which is rarely incorporated into management plans and supporting conservation and 

development initiatives and policies in these reserves. 

In the second manuscript (Chapter 3) findings showed that social network analysis 

proved to be a powerful tool to identify: (1) the different social groups and their 

interactions within RDAER, (2) the social position of reserve residents, (3) interactions 

between those inside the reserve polygon and external actors, (4) factors that explain 

the structure of extant social networks, and (5) how those social interactions are linked 

to household sources of income. All these aspects are extremely important in the 

context of sustainable use reserves since the success of those conservation units is 

highly dependent on cooperation among different actors collaboratively involved in 

reserve management. The social network structures within the reserve, and with 

external actors, showed that geographic location was the primary factor defining social 

networks in RDAER. Within the reserve, geographic location constrained interactions 

among reserve residents of different RDAER regions, and also determined the number 

of households that had a central position as providers of supplies and equipment. As 

geographic isolation increased, the number of centralized households decreased. 

Geographic location and access to surrounding cities seemed also to influence 

comparative levels and types of assistance received by RDAER residents, which lastly 

influenced livelihood portfolios adopted in the three RDAER regions. Social networks of 

reserve residents with external actors were also linked to the formal social positions that 

reserve residents had with external organizations or with the local RDAER association 
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(AMORA). Residents who were elected representatives of AMORA were particularly 

important actors both within the reserve and with external actors. Our findings also 

showed that visits and assistance received by external actors were concentrated on 

households that were AMORA representatives and on the few households that had a 

permanent job linked to external actors. These same households also showed more 

trust in external actors than households that had no formal social positions. Finally, 

social network analysis also proved to be extremely useful in linking household income, 

mainly sourced from forest-based and non forest-based activities, with the social 

relations that reserve residents had with external actors. These results showed that 

reserve residents that are well-connected to external actors tended to earn part of their 

income from activities linked to those external actors, such as government pensions. 

However, further studies are needed to determine how these linkages and income 

sources may foster or compromise reserve integrity. 

Finally, the third manuscript showed that livelihood portfolios adopted by reserve 

residents were linked to the socioecological heterogeneity and the social relations that 

reserve residents had with external actors. Therefore, reserve managers and 

conservationists that aim to foster livelihood portfolios that are suitable to the context of 

sustainable use reserves such as RDAER, need to understand the internal 

socioecological contexts and how they affect the adoption of diverse livelihood 

portfolios. This internal heterogeneity needs to be integrated into the reserve 

management plan and its implementation. We conclude that a detailed assessment of 

the socioeconomic, ecological, and cultural factors influencing livelihoods is necessary, 

including how the diverse livelihood systems within these reserves function or fail to 



 

141 

function. This assessment will help managers and conservationists to gain a better 

understanding of the socioeconomic, ecological and cultural factors that contribute to or 

constrain the adoption of different livelihood portfolios, and thus guide the adoption of 

local-specific interventions that foster livelihood portfolios that produce positive 

outcomes for these conservation units. We also argue that some aspects of the 

institutional framework adopted for the governance of sustainable use reserves need to 

provide room to accommodate the socioecological diversity, which define these 

polygons. By analyzing two institutional mechanisms of the extractive reserve model 

(the Utilization Plan and local agencies) we provided insights of how those mechanisms 

can be adapted to accommodate socioecological heterogeneity. Thus, we suggested 

the disaggregation of the Utilization Plan in different sets of rules and norms to address 

the local biophysical, ecological, and socioeconomic conditions of the different areas 

that comprise those large conservation areas. In addition, we suggested that the 

adoption of several small local agencies to represent reserve residents might be 

preferable to adoption of only one local agency that represents the entire reserve. 

We recognize that sustainable use reserves governance by itself is not an easy 

task, considering the remoteness and large areas of these polygons, the 

socioecological complexity involved in natural resources management, and the 

interactive effects of numerous variables that operate within and across multiple 

socioeconomic and environmental scales in these reserves. Adoption of a kind of 

integrative approach as suggested in this dissertation is extremely challenging. It 

implies proactive involvement of the different stakeholders engaged in reserve 

governance, and a greater investment to identify and integrate socioecological 
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heterogeneity as well as a participatory bottom-up approach that takes into account the 

multiple scales needed to govern these reserves. However, adoption of this integrative 

approach would allow reserve residents to rise to the top as key players and 

beneficiaries of the governance processes taking place in these reserves. It would 

guarantee more efficient investment of the scarce human and financial resources on 

interventions that truly address the specific conservation and development needs of 

these reserves. Finally, it would facilitate the creation of robust institutional mechanisms 

that respond to the specific conservation and development needs of these novel 

integrated conservation and development units. 
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APPENDIX A 
LANDHOLDINGS SELECTED FOR FOREST INVENTORIES (RED) AND BRAZIL NUT 

TREES MAPPED IN TRAILS AND TRASECTS IN 2009 (GREEN) AND 2010 (LIGHT 
GREEN) (PORTUGUESE) 
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APPENDIX B 
BRAZIL NUT QUESTIONNAIRE (PORTUGUESE) 

Data:                                                  Nome da Localidade: 
Nome do Entrevistador: 
Nome do Informante: 
 
 

1. Se respondeu que não nasceu na Reserva perguntar quando chegou? 
  

 Você sempre viveu nesta colocação? (0=não, 1=sim) 
   

Se não, em que outros locais da Reserva viveu antes de chegar aqui?     

 
 

                                     
(1-0) 

2. Qual o tamanho aproximado da sua colocação? (metros, linhas, braças, etc.)  

3. Como você se tornou dono desta colocação? (1=herdada, 2=comprada, 
3=trocada, 4=outros)  

 
De quem? 

(1-4) 
  
 
 

4. Desde quando você e sua família exploram castanha nos castanhais de sua 
colocação? 

 
 

5. Quem explorava estes castanhais antes de você e sua família? (1=pai, avô, etc., 
2=desconhecido, 3=outros) 

(1-3) 

6. Além de sua família quem mais tem o direito de coletar castanha nos castanhais 
localizados em sua colocação? 

 
 

 

7. Como você, sua família ou a comunidade decidem quem pode coletar castanha 
nos castanhais da Reserva, ou seja, nas áreas comunitárias e nas colocações de 
cada família? 

 
 

 

8. Como foram definidos os limites atuais das colocações de cada família e das 
áreas comunitárias e quem fez esta delimitação?  

 
 
 
 
 

9. As famílias e todos os membros da comunidade reconhecem os limites destas 
áreas? (0=não, 1=sim) 

(1-0) 

10. Você coleta a castanha em outras áreas da Reserva e que não sejam dentro da 
sua própria colocação? (0=não, 1=sim) 

(1-0) 
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Se sim, em que áreas? (1=áreas comunitárias, 2=colocações de outras famílias, 

3=outras) 
 
 
Se não, passe para a questão # 17. 
 

 
                               
(1-3) 

11. Quantas áreas comunitárias para a coleta da castanha existem na Reserva?  
 
Qual o nome destas áreas? E qual o tamanho destas áreas? 
 
Em quais destas áreas comunitárias você e sua família coletam castanha regularmente? 
 
 
 

# Áreas 

12. Como a sua família e as outras famílias se organizam para fazer a coleta da 
castanha nestas áreas comunitárias e nas colocações de outras famílias? 

 
 
 

 

13.  Como e por quem é feita a coleta da castanha nestas áreas? (1=família, 
2=coletiva, 3=gênero, 4=faixa etária) 

 
 

(4-1) 

14. Como é feita a partilha/divisão da castanha coletada na sua colocacação, nos 
castanhais comunitários e nas colocações de outras famílias? 

 
 
 

 

15. Existe alguma divisão de castanhais ou de áreas de coleta definidas dentro 
destas áreas em que cada família ou membro comunitário deve coletar? (0=não, 
1=sim) 

 
(1-0) 

16. Ou todos podem coletar castanha em todos os castanhais localizados nestas 
áreas? (0=não, 1=sim) 

 
Se sim na #13, como isto é decidido e quem decide que família ou membro da 

comunidade pode coletar em cada um destes castanhais? 
 

 
 

(1-0) 

17. Existe algum limite máximo na quantidade de castanha que pode ser coletada 
nestas áreas (comunitárias ou outras colocações) por safra por família ou por 
membro da comunidade? (0=não, 1=sim) 

 
Se sim, qual é esta quantidade? 
 
E como e quem decide esta quantidade máxima? 

 
(1-0) 
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18. Existem atividades específicas e obrigatórias que as famílias têm que fazer 
quando coletam a castanha nas áreas comunitárias ou em colocações de outras 
famílias? (0=não, 1=sim) 
 
Quais são estas atividades? 
 
 

 

 
 

(1-0) 

19. Existem áreas comunitárias para outros produtos da floresta? (0=não, 1=sim)  
 
Quais são estas áreas e para que produtos? 
 
 

(1-0) 

20. Você usa a sua colocação para outras atividades produtivas e para coletar outros 
produtos da floresta além da castanha? (0=não, 1=sim) 

 
  
 

 
                                       

(1-0) 

21.  Qual a área que roçou no ano passado (2009)?  

22.  A que distância está a roça da sua casa? 
 

 

23.  O que plantou na roça (além de mandioca)? 
 
 
 

 

24.  Quantas pessoas trabalharam na roça? São todos membros da família? (0=não, 
1=sim) 

 

# homens 
e 

mulheres; 
(1-0) 

25. Qual o trabalho dos homens na roça? 
 
 
 

 

26.  Qual o trabalho das mulheres na roça? 
 
 
 

 

27.  Que instrumentos utiliza pra fazer a roça?  

28.  Quantas pessoas trabalharam na fabricação da farinha?  
 
São todos membros da família? (0=não, 1=sim)  
 
 

# de 
homens e 
mulheres 

 
(1-0) 

 

29.  Que instrumentos utiliza pra fazer a farinha? 
 
 

 

30.  Que dificuldades você tem para trabalhar na roça? (qualidade do solo, falta de 
gente pra ajudar, não tem tempo porque está envolvido em outras atividades, 
falta de apoio técnico, falta de sementes, outras) 
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31.  Quantas pessoas trabalham na pesca.  São todos da membros da família? 
(0=não, 1=sim) 

# de 
homens e 

de 
mulheres 

 
(1-0) 

32. Que instrumentos usa pra pescar? 
 
 
 

 

33.  Qual é o produto da floresta que você considera como o mais importante pra sua 
família? (a importância pode ser em termos de renda, de gosto, de facilidade de 
trabalhar, etc.) 

 
 

 

 
Coleta e manejo da castanha 

34. Você saberia dizer quantas castanheiras existem dentro de sua colocação?   
 
            Deste total quantas castanheiras você explora em média por safra? 

 # 
Árvores 

 
# Árvores 

 
 
 

35. Existem castanheiras da sua colocação que nunca foram exploradas? (0=não, 
1=sim) 

 
            Se sim, quantas e por quê? 

 
 # 

Árvores 
 
 
 
 

36. Você saberia dizer qual é a média de frutos (ouriços) produzidos por cada 
castanheira da sua colocação por safra? 

 
 
 
 

# Frutos 

37. Você coleta castanha nas mesmas castanheiras ou castanhais mais de uma vez 
em uma única safra de castanha (em um único ano)?     (0=não, 1=sim) 

 
 
 

(1-0) 

38. Quantas vezes você retorna a estas castanheiras e castanhais?  
 
             Por quê? 
 
 

# 
Retornos 

39. Quando começou a coleta da castanha na safra deste ano (2010)?  

40.  Qual o papel dos homens na coleta da castanha?  

41.   Qual o papel das mulheres na coleta da castanha? 
 
 

 

42.  Qual o papel das crianças e jovens na coleta da castanha? 
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43.  Que instrumentos utiliza na coleta da castanha? 
 
 
 

 

44. Quantos dias em média por semana você trabalha na coleta da castanha durante 
a safra? 

# Dias 
 

45.  Quantas horas por dia em média você trabalha na coleta da castanha?  
 

# Horas 

46.  Tem algum dia da semana ou data específica em que você não vai coletar a 
castanha?  Quando? Por quê? 

 
 

 

47. Quais são as atividades associadas com a coleta da castanha que você e sua 
família fazem?  

(1-0) 

48. Como e por quem é feita a coleta da castanha na sua colocação? (1=família, 
2=coletiva, 3=gênero, 4=faixa etária) 

 

(1-4) 

49. Quais são os membros da sua família que trabalham na coleta da castanha e 
participam das atividades relacionadas à coleta da castanha? (Preencher tabela 
abaixo) 

 

Membro da Família 
 

Quantos dias por 
semana/Quantas horas por 

dia 

Você paga 
esta pessoa? 
(1=sim; 0=não) 

Como é 
feito o 

pagame
nto e 
qual o 
valor 
médio 
deste 

pagame
nto? 

    

  
 

   

50.  Que dificuldades você tem para coletar a castanha? (distância dos castanhais, 
falta de gente pra ajudar, não tem tempo porque está envolvido em outras 
atividades, falta de apoio técnico, outras) 

 
 

 

53. Existe algum apoio ou financiamento para a coleta da castanha? (0=não, 1=sim)   
 
Se sim, qual(is)? 
 

(1-0) 

54.  Você já recebeu este financiamento ou apoio alguma vez? (0=não, 1=sim) Que 
tipo de ajuda ele fornece? (dinheiro, material para a coleta, rancho, assistência 
técnica, apoio com transporte, outros) 

 
 

(1-0) 
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55.  Como você usa a castanha em sua casa (alimento, cura de doenças, rituais, 
outros)? 

 
 

 

56. O que você faz com a castanha coletada? Vende, troca ou consome?  
 
Se vende ou troca, desde quando você e sua família fazem isto? 
 

 

Para quem você vendeu a castanha coletada nos últimos anos (2008, 2009 e 2010)? 

Nome Tipo de Comprador 
(1=regatões, 2=empresa, 
3=associação; 4=outros 
compradores) 

Quantas latas 
ou caixas 

foram 
vendidos? 

Preço da 
lata ou 

caixa da 
castanh

a 
vendida

? 

2008 
 

   

2009 
 

   

2010    

57. Você saberia dizer onde esta castanha é vendida depois que sai aqui do 
Riozinho? (Supermercado, feira, loja, restaurantes, sai da cidade, vai pra outras 
cidades do Brasil ou do mundo, outros)  

 
 

 

 
Atividades de preparação da coleta da castanha 

58. Você limpa os castanhais antes da coleta da castanha?  (0=não, 1=sim) 
                  

       Se sim, quais áreas específicas dos castanhais você limpa? (1=caminhos até os 
castanhais, 2=área ao redor das árvores, 3=outras áreas) 

 
Por quê?  
 
 

Você faz esta limpeza na sua colocação e nos castanhais comunitários? (0=não, 1=sim) 
 

(1-0) 
 
 
 

(1-3) 
 
 
 

(1-0) 
 

59. Você usa fogo para fazer a limpeza dos castanhais de sua colocação e nos 
castanhais comunitários? (0=não, 1=sim) 

 
Por quê? 

 

(1-0) 

60.  Quem trabalha na limpeza dos piques e castanhais de sua colocação? São todos 
membros da família? (0=não, 1=sim) 

 
Se não, que outras pessoas ajudam nesta limpeza e por quê?  
 
 

(1-0) 

61. Quem trabalha na limpeza dos piques e castanhais comunitários? São todos 
membros da família? (0=não, 1=sim) 

(1-0) 
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Se não, que outras pessoas ajudam nesta limpeza e por quê?  
 
 

62.  Você planta castanheiras? (0=não, 1=sim) 
 

Se sim, quantas castanheiras você já plantou ou quantas castanheiras você 
planta por mês, ou ano, ou safra da castanha? 

 
 Onde? (1=roça; 2=roça abandonada/capoeira, 3=floresta,  4=outras áreas) 
(Para cada um destes perguntar onde exatamente, por exemplo, onde na 
floresta – se em sua colocação, outra colocação – se em outras áreas, quais – 
áreas de uso comum, outros). 

 
  Por quê? 

 

                            
(1-0) 

 
 

# Árvores 
 
 
 

(1-4)                  

63. Você limpa as áreas ao redor das plântulas e juvenis de castanha na floresta ou 
plantadas por você ou sua família?  (0=não, 1=sim) 

 
               Se sim, por que você faz esta limpeza? 

(1-0) 

64. Você protege as plântulas e juvenis da castanha da floresta ou plantadas por você 
do fogo ou da predação de animais?  (0=não, 1=sim) 

 

(1-0) 

65. Você corta os cipós das castanheiras do sua colocação? (0=não, 1=sim) 
 

Se sim, por quê? 
 
 
Faz isso também nos castanhais comunitários onde você coleta? (0=não, 1=sim) 
 

(1-0) 
 
 
 
 

(1-0)                                   

66. Você faz algum corte no tronco da castanheira ou machuca o tronco da 
castanheira? (0=não, 1=sim) 

            
          Se sim, por quê? 

 

(1-0)                  

67. Você quebra o fruto (ouriço) para retirada das amêndoas da castanha no mesmo 
dia da coleta? (0=não, 1=sim) 

 

 Se sim, por quê? 
 

(1-0)                  

68. Você transporta a castanha coletada para a sua casa no mesmo dia da coleta? 
(0=não, 1=sim)  

 
               Se sim, por quê?  

(1-0) 
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69. Por quanto tempo você deixa os frutos de castanha coletados na floresta antes de 
transportá-los para sua casa? 

 
      Por quê você deixa esta tempo ou não deixa mais tempo? 

 
# Dias 

 
 
                  

70.  Como é feito o transporte da castanha coletada para a sua casa?  (barco, 
caminhando, outros) e (paneiro, saco, outros) 

 

71. Você lava e seca a castanha coletada antes de vendê-la?  (0=não, 1=sim) 
 
             Se sim, como você lava e seca a castanha e onde? 

(1-0) 

72. Você caça durante a coleta da castanha?  (0=não, 1=sim) 
       
Se sim, você caça mais durante a coleta da castanha do que durante a coleta de 

outros produtos ou outras atividades produtivas?  (1=mais, 2=menos, 3=igual) 
 

(1-0) 
 
 
 

 

73. Que animais que você caça durante a coleta da castanha e quais destes animais 
você caça com maior frequência? 

 
 
 
 
 
 

74. Você caça e consome cotia? (0=não, 1=sim) 
 
Quantas cotias em média você caça ou consome por semana ou por mês? 
 
 

(1-0) 
 

#Cotias 
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APPENDIX C 
SOCIAL NETWORK QUESTIONNAIRE (PORTUGUESE) 

 

Data:                                             Nome da Localidade: 
Nome do Informante: 
 
COLETA DA CASTANHA  
 
1.  Se o seu castanhal não produz suficientemente no ano você pede permissão pra 
coletar castanha em outra colocacão? (Sim/Não) Pra quem? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho?________________________ 
 
c. Ele / ela também coleta castanha? Quais as outras atividades que ele / ela faze na 
colocacão? 
______________________________________________________________________  
 
d. Teria mais alguém que você escolheria se ele / ela dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
2. Você ajuda a limpar os piques de castanha de outros moradores do Riozinho? 
(Sim/Não) De quem? 
______________________________________________________________________ 
 
a. Ele / ela te dão alguma coisa em troca? (Sim/Não) O quê? _____________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Ele / ela também coleta castanha? Quais as outras atividades que ele / ela faz na 
colocacão? 
______________________________________________________________________ 
 
d. Teria mais alguém que você ajudaria se ele / ela te pedisse? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
3. Quando você coleta castanha nos castanhais comunitários você convida outros da 
comunidade pra irem junto com você? (Sim/Não) 
______________________________________________________________________ 
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Quem? 
_________________________________________________________________ 
 
a.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
b. Por que você convida ele / ela (especificamente)? 
______________________________________________________________________ 
 
c. Teria mais alguém que você convidaria pra ir coletar nos castanhais comunitários 
junto com você (Sim/Não) Quem? 
______________________________________________________________________ 
 
d. Você dá a ele / ela alguma coisa em troca? O quê? 
_____________________________ Se não, porque não daria nada em troca?_______ 
 
EMPRÉSTIMOS 
 
6. Se você precisasse pedir emprestado uma canoa, para quem você pediria 
emprestado?___________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_______________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
 
7. Se você precisasse pedir emprestado uma rabeta, para quem você pediria 
emprestado? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
_____________________________________________________________________ 
8. Se você precisasse pedir emprestado o rancho para a coleta de castanha, para 
quem você pediria emprestado? 
______________________________________________________________________ 
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a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Ele / ela também coleta castanha? Quais as outras atividades que ele / ela faz na 
colocacão? 
______________________________________________________________________ 
  
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
9. Se você precisasse pedir emprestado 1 lata (caixa) de castanha pra saldar sua 
dívida (ou pegar mercadorias) com o regatão, para quem você pediria emprestado? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Ele / ela também coleta castanha? Quais as outras atividades que ele / ela faz na 
colocacão? 
______________________________________________________________________ 
  
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
10. Se você precisasse pedir emprestado 10 latas (caixas) de castanha pra saldar sua 
dívida (ou pegar mercadorias) com o regatão, para quem você pediria emprestado? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b. ___________ é seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Ele / ela também coleta castanha? Quais as outras atividades que ele / ela faz na 
colocacão? 
______________________________________________________________ 
  
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
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COMPRAS  
 
11. Se você precisasse comprar uma canoa, de quem você compraria? 
______________________________________________________________________ 
 
a. Por que você compraria dele / dela? 
______________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Como você pagaria esta canoa? Daria algo em troca? O quê? 
______________________________________________________________________ 
 
d. Teria mais alguém de quem você compraria uma canoa? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
12. Se você precisasse comprar um kilo de farinha, de quem você compraria? 
______________________________________________________________________ 
 
a. Por que você compraria dele / dela? 
______________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Como você pagaria este um kilo de farinha? Daria algo em troca? O quê? 
______________________________________________________________________ 
 
d. Teria mais alguém de quem você compraria este um kilo de farinha? (Sim/Não)  
Quem?  
_________________________________________________________________ 
 
13. Se você precisasse comprar 15 kilos de farinha, de quem você compraria? 
______________________________________________________________________ 
 
a. Por que você compraria dele / dela? 
______________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. Como você pagaria estes 15 kilos de farinha? Daria algo em troca? O quê? 
______________________________________________________________________ 
 
d. Teria mais alguém de quem você compraria estes 15 kilos de farinha? (Sim/Não)  
Quem?  
______________________________________________________________________ 
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ASSISTÊNCIA  
 
14. Se você precisasse de ajuda para arrumar os documentos para receber os 
benefícios de aposentadoria, bolsa família, etc., de quem você pediria ajuda? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. O que é que ele / ela faz? 
______________________________________________________________________  
 
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
15. Se você precisasse de ajuda para resolver uma briga ou problema com alguém da 
comunidade, de quem você pediria ajuda? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_______________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. O que é que ele / ela faz? 
______________________________________________________________________  
 
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
16. Se você precisasse de informação sobre assuntos da Reserva e do IBAMA, com 
quem você falaria? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
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c. O que é que ele / ela faz? 
______________________________________________________________________  
 
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem? 
______________________________________________________________________ 
 
17. Se você precisasse de informação sobre os preços dos produtos que você vende e 
compra, com quem você falaria? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. O que é que ele / ela faz? _______________________________________________ 
  
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
 
18. Se você precisasse de ajuda pra levar alguém da sua família para Altamira para 
tratar de algum problema de saúde, com quem você falaria? 
______________________________________________________________________ 
 
a. Você daria alguma coisa em troca? O quê? ________________ Se não, porque não 
daria nada em 
troca?_________________________________________________________________ 
 
b.  ___________ é  seu/sua parente, amigo, ou vizinho? ________________________ 
 
c. O que é que ele / ela faz? _______________________________________________  
 
d. Teria mais alguém que você escolheria se ele dissesse não? (Sim/Não)  Quem?  
______________________________________________________________________ 
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APPENDIX D 
GOVERNMENT AND NON-GOVERNMENTAL ORGANIZATIONS, AND PRIVATE 

SECTOR ACTORS 

 

 

NAME LEVEL ASSISTANCE PROVIDED OFFICE LOCATION

GOVERNMENT ORGANIZATIONS

SAGRI - Secretaria Estadual de Agricultura State Agrarian technical assistance Altamira, PA

INCRA - Instituto Nacional de Colonização e Reforma Agrária Federal Land reform Altamira, PA

ITERPA - Insituto de Terras do Pará State Land reform Belém, PA

Prefeitura Municipal de Altamira Municipal Municipality administration Altamira, PA

Prefeitura Municipal de Itaituba Municipal Municipality administration Itaituba, PA

Prefeitura Municipal de Trairão Municipal Municipality administration Trairão, PA

Prefeitura Municipal de Rurópolis Municipal Municipality administration Rurópolis, PA

Secretaria Municipal de Educação de Altamira Municipal Education services Altamira, PA

Secretaria Municipal de Educação de Itaituba Municipal Education services Itaituba, PA

Secretaria Municipal de Educação de Trairão Municipal Education services Trairão, PA

Secretaria Municipal de Educação de Rurópolis Municipal Education services Rurópolis, PA

Secretaria Municipal de Saúde de Altamira Municipal Health services Altamira, PA

Secretaria Municipal de Saúde de Itaituba Municipal Health services Itaituba, PA

Secretaria Municipal de Saúde de Trairão Municipal Health services Trairão, PA

Secretaria Municipal de Saúde de Rurópolis Municipal Health services Rurópolis, PA

ICMBIO - Instituto Chico Mendes Federal Environmental services Altamira, PA

LAET - Laboratório Agroecológico da Amazônia Federal Education services Altamira, PA

UFPA - Universidade Federal do Pará Federal Education services Altamira, PA

CNPT - Conselho Nacional de Povos Tradicionais Federal Socioenvironmental services Brasília, DF

MMA - Ministério do Meio Ambiente Federal Environmental services Brasília, DF

Secretaria de Coordenação da Amazônia Federal Environmental services Belém, PA

SECTAM - Secretaria de Estado de Ciência, Tecnologia e Meio 

Ambiente
State Environmental services Belém, PA

FUNASA - Fundação Nacional de Saúde Federal Health services Altamira, PA

EMATER - Empresa de Assistência Técnica e Extensão Rural do 

Estado do Pará
State Agrarian technical assistance Altamira, PA

CEPLAC - Comissão Executiva do Plano da Lavoura Cacaueira National Agrarian technical assistance Medicilândia, PA

NON-GOVERNMENTAL ORGANIZATIONS

FVPP - Fundação Viver, Produzir e Preservar Local Socioenvironmental services Altamira, PA

ISA - Instuto Socioambiental National Socioenvironmental services Altamira, PA

IPAM - Instituto de Pesquisas Ambientais da Amazônia National Socioenvironmental services Altamira, PA

CPT - Comissão Pastoral da Terra National Human rights services Altamira, PA
MDTX - Movimento pelo Desenvolvimento da Transamazônica e 

Xingu
Regional Socioenvironmental services Altamira, PA

WWF - World Wide Fund for Nature International Environmental services Belém, PA

CNS - Conselho National de Seringueiros National Socioenvironmental services Brasília, DF

ED - Environmental Defense International Socioenvironmental services Washington, DC

PRIVATE SECTOR

COOPERMARI Local Logging company Itaituba, PA

GRUPO MADEIRANIT Local Logging company Itaituba, PA

COOPER AQUINO Local Logging company Itaituba, PA

AGRONESP Local Ranching company Itaituba, PA

Sindicato de Altamira Municipal Union organization Altamira, PA

Sindicato de Itaituba Municipal Union organization Itaituba, PA

Sindicato de Trairão Municipal Union organization Trairão, PA

Sindicato de Rurópolis Municipal Union organization Rurópolis, PA
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