
 

Opportunities for conservation and 

livelihoods in Amazonian extractive 

reserves  
 

 
 

 

Peter Newton 
 

Thesis submitted for the degree of Doctor of Philosophy 

School of Environmental Sciences 

University of East Anglia, UK 

 

September 2011 

 
© This copy of the thesis has been supplied on condition that anyone who consults it is 

understood to recognise that its copyright rests with the author and that no quotation 

from the thesis, nor any information derived therefrom, may be published without the 

author's prior, written consent.



 i 

Contents 

 

Abstract           ii  

 

Acknowledgements         iii  

 

Chapter 1: Introduction          1 

 

Chapter 2: Determinants of livelihood strategy variation in two extractive  22 

reserves in Amazonian flooded and unflooded forest 

 

Chapter 3: Variation across a range of scales in the density and spatial   51 

distribution of a neotropical non-timber forest resource 

 

Chapter 4: Determinants of yield in a non-timber forest product:   81 

Copaifera oleoresin in Amazonian extractive reserves 

 

Chapter 5: Spatial, temporal and economic constraints on the commercial 107 

extraction of a non-timber forest product in Amazonian 

extractive reserves 

 

Chapter 6: Consequences of actor level livelihood heterogeneity for  130 

additionality in an undifferentiated payment-based payments for 

environmental services programme in a tropical forest region 

 

Chapter 7: Concluding remarks       154 

 

Appendix: Key findings and management implications    164 

 



 ii 

Abstract 

Innovative management strategies are required to ensure the persistence of biodiversity 

and environmental services in intact tropical forest regions whilst developing the 

livelihoods of forest dwellers, particularly in light of increasing forest degradation and 

deforestation threats. Commercial extraction of non-timber forest products and 

payments for environmental services programmes aim to achieve these dual goals, often 

within extractive reserves, which provide the administrative and land-tenure framework 

for programme implementation. This thesis aimed to assess the potential of these two 

mechanisms to maintain forest integrity whilst contributing to rural economies, using a 

combination of ecological and social research methods ï including line-transect 

censuses, an experimental harvest, weekly household surveys, GIS mapping, and 

community interviews. Substantial variation was observed in the livelihood strategies of 

traditional communities along the Juruá River of western Brazilian Amazonia. 

Agriculture, forest extractivism, and fishing were important to all households for 

subsistence, but there was significant variation in household engagement with income-

generating activities. Much of this variation was attributed to local accessibility to 

permanently-unflooded land suitable for perennial agriculture. Heterogeneity was also 

observed in the spatial distribution, size structure, and harvest yields of trees in the 

genus Copaifera, which are valued for their medicinal oleoresin. Variation between 

species and forest types affected accessibility of this resource, determining the potential 

for commercial harvesting. Results also demonstrated that programmes that aim to 

protect environmental services by financially compensating rural people to avoid 

undesirable land-use practices may benefit from careful programme design in relation to 

participantsô opportunity costs. Undifferentiated payments made by the Bolsa Floresta 

programme failed to account for the greater costs incurred by households that were 

more dependent on agrarian than extractive activities. The thesis concludes that the 

spatial configuration of forest types in the neighbourhood of Amazonian communities 

affects livelihood strategies and accessibility of forest resources, and is therefore a key 

determinant of the likely impact of conservation and development policy. The 

mechanisms examined both have their limitations, but in aggregate could form an 

effective management strategy for primary tropical forest extractive reserves.
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ñThe forest is one big thing; it has people, animals, and plants. There is no point saving 

the animals if the forest is burned down; there is no point saving the forest if the people 

and animals who live in it are killed or driven away. The groups trying to save the race 

of animals cannot win if the people trying to save the forest lose; the people trying to 

save the Indians cannot win if either of the others lose; the Indians cannot win without 

the support of these groups; but the groups cannot win without the help of the Indians, 

who know the forest and the animals and can tell what is happening to them. No one of 

us is strong enough to win alone; together, we can be strong enough to win.ò 

Paikan, Kayapó leader 

(from Hecht and Cockburn 1989) 
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1.1 Tropical forests and Amazonia 

Tropical forests contain a greater proportion of biodiversity than any other terrestrial 

biome, provide critical environmental services including carbon sequestration and 

hydrological regulation, and directly support the livelihoods of millions of rural people 

who rely on forest resources for food, shelter, medicine or income-generation (Chhatre 

and Agrawal 2009). Intact tropical forests are thus economically valuable at a global, 

national and local scale, even without consideration of non-monetary existence values. 

Amazonia is the world's largest tropical forest, covering 5.3 million km
2
 (2003, 85% of 

the original area), of which 62% lie within Brazil (Soares-Filho et al. 2006; Malhi et al. 

2008). 

The integrity of Amazonian forests is threatened by a combination of anthropogenic 

influences including population growth, industrial logging and mining, agricultural 

development (especially cattle and soya), road construction (which opens access to 

areas of previously unaffected forest) and human-ignited fires (Laurence et al. 2001). 

These influences are greatest in eastern and southern Amazonia, particularly within the 

notorious 'arc of deforestation'. Deforestation rates have been highest in the states of 

Maranhão, Mato Grosso, Pará, Rôndonia and Tocantins, with up to 77% of the forest 

cover of individual states already lost (INPE 2011). 

In contrast, forest cover in Acre and Amazonas ï Brazilôs western Amazonian states ï 

remains relatively intact. A paucity of roads and reliance on fluvial transport along 

meandering river systems has until now largely precluded encroachment by damaging 

cattle and agricultural industries. However, even remote parts of Amazonia are 

vulnerable to the threat of future deforestation. Large-scale infrastructural development 

can quickly alter accessibility and bring incentives for land-use change (Perz et al. 

2008). For example, the Avança Brasil programme pledged US $40 billion of 

governmental investment to the construction of roads, pipelines, hydroelectric systems, 

power lines, river channelization and port facilities since 2000 (Fearnside 2002). The 

projected impacts of human-induced climate change are further evidence that the future 

of these forests is far from secure (Malhi et al. 2009). 

Even in regions where absolute rates of deforestation are low or are observed to have 

been reduced, the impacts of forest fragmentation, edge-effects and selective logging 

can be more difficult to quantify. The extent of forest degraded by these human 

activities may be twice that calculated on the basis of deforestation alone (Asner et al. 
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2005). Other anthropogenic activities can be extremely damaging to forest integrity but 

are invisible to satellite imagery. Sub-canopy threats to ecosystem integrity affect both 

animal and plant populations and can result from hunting pressure, over-fishing or the 

unchecked exploitation of timber and non-timber forest products (Peres et al. 2006). 

1.1.1 Amazoniaôs protected area network 

As part of a national policy to ensure that forested regions remain intact, Brazilôs federal 

and state government agencies have greatly expanded the countryôs protected area 

network in the last two decades (Rylands and Brandon 2005). Although protected areas 

may be insufficient to ensure effective conservation of all ecosystem functions ï 

Amazonian watersheds, for example, have headwaters which often extend beyond 

reserve boundaries ï they do inhibit both deforestation and fire and are a critical 

component of regional conservation strategies (Nepstad et al. 2006; Soares-Filho et al. 

2006). A total of 235 million ha of Brazilian Amazonia are currently designated as 

protected areas, including both inhabited (sustainable use reserves and indigenous 

territories) and uninhabited (strictly protected areas) reserves (ARPA 2009; Fig. 1.1). 

The number of reserves and their collective area has expanded rapidly during the last 

decade: 60.6% of all reserves and 67.4% of the total protected area has been designated 

since 2000 (Fig. 1.1). Inhabited reserves now account for 80.4% of reserve coverage, 

overwhelmingly exceeding the area accounted for by strictly-protected areas. The fate 

of Amazonian forests is therefore intricately associated with the lasting success of 

inhabited reserves as an integrated conservation-development concept. 

1.1.2  Extractive reserves 

Legally-occupied sustainable use reserves aim to combine the goal of biodiversity and 

environmental service conservation with that of socioeconomic development (Fearnside 

1989). Within Brazil, the creation of this reserve network was initiated by the 

sociopolitical movement of rubber-tappers who fought to secure access to, and 

protection of, the forest that they relied upon for the harvest of rubber and Brazil nuts, 

in the face of growing pressure from cattle-ranchers (Allegretti 1990). The assassination 

of the rubber-tapper leader, Chico Mendes, in 1988 highlighted their struggle and 

attracted the attention of environmentalists who recognised a shared goal of forest 

conservation (Brown and Rosendo 2002). The first Brazilian Reserva Extrativista was 

designated in this same year, with more quickly following. The reserves aimed to allow 

rubber-tappers to continue their traditional livelihood practices whilst establishing a 
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Figure 1.1. The expansion of the protected area network in Brazilian Amazonia between 

1974 and 2010. The cumulative creation of sustainable use reserves, indigenous 

territories and strictly protected areas is indicated by (a) the total area designated and 

(b) the number of reserves. Source: ARPA (2009). 
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degree of economic self-sufficiency through a diversification of harvested products 

(Fearnside 1989). Sustainable use reserves currently account for 16.1% of Brazilian 

Amazonia, compared to 9.2% by strictly-protected areas and 21.7% by indigenous 

territories (ARPA 2009). 

Brazilian sustainable use reserves include protected areas denominated as Reserva 

Extrativista (ResEx), Reserva Desenvolvimento Sustentável (RDS) and Floresta 

Nacional (FLONA), amongst others. Some reserves are administered by federal 

agencies (e.g. ResEx reserves are managed by the Instituto Brasileiro do Meio Ambiente 

e dos Recursos Naturais Renováveis (IBAMA)) whilst others are state-administered 

(e.g. RDS reserves are managed by the Secretaria de Estado do Meio Ambiente e 

Desenvolvimento Sustentável (SDS)). As a consequence of these administrative 

differences, subtle variation exists in the political framework, regulations, and 

management strategies associated with each reserve category, but all 199 such protected 

areas share the same underlying philosophy of combining conservation and 

development (Silva 2005). 

In aggregate, sustainable use reserves are more commonly and globally referred to as 

óextractive reservesô. Although the term Reserva Extrativista translates to the same word 

and has significance as a particular designation of reserve within Brazil, óextractive 

reserveô is used throughout this thesis to refer collectively to all legally-occupied 

protected areas except indigenous territories. 

Legally-occupied protected areas are an effective barrier to deforestation, since local 

people represent a strong political means of deterring the frontier of forest loss 

(Schwartzman et al. 2000; Nepstad et al. 2006). However, extractive reserves were 

originally designed as social spaces, rather than biodiversity conservation units per se, 

and conservation success is not assured (Browder 1992). Extractivist populations may 

damage forest integrity through the ecologically-unsustainable harvesting of forest 

resources. A further risk is that protected areas may attract human settlements due to the 

investment and revenue opportunities from government and international donors; higher 

population growth rates within, or on the periphery of, extractive reserves can pose a 

threat to conservation aims (Wittemyer et al. 2008). There is therefore a need to better 

understand the capability of extractive reserves and other protected areas to conserve 

biodiversity throughout Amazonia (Moegenburg and Levey 2002). 
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1.2 Traditional Amazonian livelihoods 

Brazilian Amazoniaôs rural human population includes indigenous people, farming 

colonists who settled in the 1970s and 1980s, and immigrant Brazilians who travelled to 

the Amazonian interior during the rubber booms of the late-19
th
 and mid-20

th
 centuries 

(Dean 1987). Such immigrants are considered ótraditional Amazoniansô and far 

outnumber the indigenous population, being variously referred to as ribeirinhos (river-

dwellers), seringueiros (rubber-tappers) and caboclos (of mixed Brazilian Indian and 

European ancestry). During the height of the rubber trade, many traditional Amazonians 

lived as poorly-rewarded workers in a notoriously inequitable debt peonage system 

whereby harvested rubber would be traded for supplies with the landlord (patrão) of an 

area of forest (seringal) at prices that ensured a persistent debt of the worker to the 

employer (Hecht and Cockburn 1989). Competition from Asian plantation rubber 

eventually caused the collapse of the Brazilian rubber export market and the consequent 

disintegration of the debt-peonage system (Dean 1987). Traditional Amazonians 

remained in the region, adopting an agro-extractivist livelihood strategy that includes a 

combination of subsistence swidden agriculture, fishing, hunting, and extraction of 

forest products, with cash revenue generated from the sale of one or more of these 

resources. 

Over the last decade, many areas have seen a decreasing emphasis on traditional 

extraction of rubber and Brazil nuts by these communities, with greater engagement 

with agriculture and cattle-ranching (Ruiz-Perez et al. 2005; Salisbury and Schmink 

2007; Vadjunec and Rocheleau 2009). Even small-scale agriculture usually involves the 

clearance of swidden fields, often with detrimental long-term effects to primary forest 

cover. The economic prospects of traditional Amazonian communities may be enhanced 

in the short term (Hecht 1993), but ephemeral gains in livelihood quality associated 

with land conversion elsewhere in Amazonia have often rapidly been followed by 

collapses in both natural capital and living standards (Rodrigues et al. 2009). Increasing 

reliance on swidden agriculture does not necessarily lead to sustained improvement of 

livelihoods, and an alternative economic approach may be more effective from both a 

development and conservation perspective. 

The spatial overlap of vast areas of tropical forest of immense biological value with 

millions of people living in poverty means that development of an optimal management 

strategy for this region is a complex process. Priorities and objectives vary widely on a 
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gradient from stakeholders principally interested in environmental protection to those 

more concerned about poverty alleviation, with many attempting to balance the two via 

integrated conservation and development initiatives. An array of land-use mechanisms 

has been heralded as holding promise for reconciling the needs of conservation and 

livelihoods, including selective timber extraction, small-scale sustainable agriculture, 

and eco-tourism. Two further mechanisms have received particularly close attention, 

both in Amazonia and in tropical forests globally. The first of these, discussed in the 

academic literature for two decades, is the commercial harvesting of non-timber forest 

products (NTFPs). The second, having gained more recent prominence, is the 

implementation of market-based payments for environmental services (PES) 

programmes. The philosophy and background of these two mechanisms is discussed 

below. 

1.3 Commercial harvesting of non-timber forest products 

Non-timber forest products are harvested by millions of rural forest-dwellers worldwide 

as part of a subsistence livelihood strategy to provide food, shelter and medicine 

(Koziell and Saunders 1996). NTFPs have been defined as ñall biological materials 

other than timber, which are extracted from forests for human useò (de Beer and 

Mcdermott 1989). Attention is usually focussed upon plant-based resources such as 

fruit, oils, resins, leaves, and barks although, since NTFPs are defined by what they are 

not, the term has also been considered by many authors to include animal resources 

such as hunted game and fish (Belcher 2003). 

In addition to local consumption by the extractor, many NTFPs are also sold to generate 

cash revenue for extractors ï either on an individual basis in local markets or through 

extractor co-operatives as part of a more formal trading agreement. Many tropical 

NTFPs including rattan (Sastry 2001), palm hearts (Galetti and Fernandez 1998) and 

Brazil nuts (Mori 1992), have a long history of commercialisation but emerging markets 

for forest resources have heightened the interest of both academics and development 

practitioners in the potential economic value of other NTFPs (Belcher et al. 2005). 

Seminal preliminary assessments suggested that the harvest of NTFPs may be an 

economically-competitive alternative to the extraction of timber within tropical forest 

areas (Myers 1988; Peters et al. 1989). Although valuation studies of this kind have 

been widely critiqued as over-simplifications (e.g. Salafsky et al. 1993), they have 

played a crucial role in raising consciousness of the potential contribution of 
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commercial extractivism to tropical forest economies. Proponents of commercial NTFP 

extraction have drawn attention to the benign ecological impact relative to agricultural 

alternatives, and to the contribution that extractive revenues can make to rural 

economies (Nepstad 1992). 

Other authors have more cautiously warned that the NTFP paradigm may not be a 

panacea, emphasising the nuances of extractive systems with uncertain markets. 

Unequal distribution of harvesting pressure and the highly-perishable nature of many 

NTFPs create a strong likelihood of local over-exploitation of resources in the vicinity 

of rural communities and of urban markets, respectively (Belcher and Schreckenberg 

2007). Increasing demand for some resources may additionally promote the 

development of biodiversity-poor monocultures which ultimately replace extraction 

from wild populations. For example, the Brazilian rubber industry was outcompeted by 

Asian plantation rubber (Dean 1987), and the Amazonian palm fruit açai (Euterpe 

oleracea) has been intensively managed to increase supply in many areas (Weinstein 

and Moegenburg 2004). Even where ecological pressures can be minimised, markets for 

NTFPs are often poorly developed. Consumer demand is subject to changing trends and 

fashions, and the income earned is often insufficient to lift people out of poverty 

(Padoch 1992). 

Given the large diversity of taxa, habitats, harvest methods, and markets involved, it is 

perhaps unsurprising that appraisals of extractive systems often reach conflicting 

conclusions regarding the ecological or economic sustainability of NTFP harvesting. In 

many cases, some of the problems identified above are not insurmountable, and 

emerging markets and improved sociopolitical organisation have increasingly allowed 

the development of commercially-viable extractive initiatives (Marshall et al. 2006). 

Larger-scale extraction of a greater diversity of products has boosted the cash economy 

of rural Amazonians. Within Brazilian Amazonia, recent increases in government 

subsidies and NGO investment to support extractive initiatives have coincided with 

expanding markets for tropical forest products (Sills and Saha 2010). Various NTFPs 

including cosmetic (e.g. andiroba oil (Carapa guianensis)), edible (e.g. Brazil nuts 

(Bertholletia excelsa), and medicinal (e.g. copaíba oleoresin (Copaifera spp.)) products 

are sold in domestic and international markets (Shanley and Medina 2005). 
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1.3.1 Copaifera spp. oleoresin 

Oils and resins are particularly well suited to commercialisation due to their relatively 

high value per unit weight, which reduces their transport costs. Their non-perishable 

nature also means that they can be extracted in remote rural locations and transported 

greater distances to their eventual national or international market, and have a shelf-life 

of months or years in contrast to days or weeks of many other NTFPs such as fruits 

(Shanley et al. 2002). 

Medicinal Copaifera oleoresin (known locally as óleo de copaíba) is a ubiquitously 

known and economically-valuable NTFP extracted from the basal trunk of trees of this 

genus across Brazilian Amazonia (Plowden 2004). The oleoresin is a secondary 

metabolite which probably plays a role in the defence strategy of the tree against 

pathogens or herbivores (Plowden 2004). It is widely harvested, traded and used by 

rural Amazonians and is valued for its demonstrated anti-inflammatory and analgesic 

properties (Veiga Junior and Pinto 2002). Rapidly-expanding domestic and international 

markets for Copaifera oleoresin have emerged in the last decade and the product can be 

bought globally in both urban markets and online. 

Copaifera trees were historically harvested using an axe to open a cavity in the side of 

the tree from which the oleoresin was extracted, or by simply draining the oleoresin 

whilst felling the tree for timber (Plowden 2004). Even the former practice was likely to 

lethally damage the tree, however, and this harvest method is now prohibited in most 

protected areas. Contemporary harvesting uses a borer to drill a small hole (19 mm in 

diameter) into the tree trunk from which oleoresin may be drained through plastic 

tubing (Leite et al. 2001). If the hole is then sealed, the oleoresin stores may be 

replenished and the tree may be re-drilled after a period of months or years (Newton et 

al. 2011). 

As a consequence of its non-perishable nature, expanding markets, and potential for 

ecological sustainability, Copaifera oleoresin represents a good candidate resource for 

commercial extractivism. Academics, government agencies, and NGOs across 

Amazonia are interested in the physical and chemical properties and harvest potential of 

this oleoresin, and the ecology of source populations (Santos et al. 2001). There is little 

history of Copaifera oleoresin harvesting within our study site, but local agencies are 

actively promoting this extractive activity. For these reasons, we selected this NTFP as a 

case-study resource for this thesis. 
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1.4 Payments for environmental services 

The development of payments for environmental services (PES) programmes is a 

second, more recently emerging, mechanism by which to address conservation concerns 

whilst bringing development benefits to rural people. PES programmes seek to translate 

the value of natural capital into market values (Engel et al. 2008). This is achieved by 

transferring funds from those that benefit from environmental services (ES) ï who may 

be downstream users, national governments or, in the case of many carbon services, the 

global community ï to those whose land-use practices are responsible for maintaining 

those ES (Wunder 2005). Programmes vary enormously in their spatial extent, payment 

structure, and values, but are united by the óbusiness-likeô transactions that define their 

approach to achieving conservation goals (Wunder et al. 2008). The PES paradigm is 

not foremost intended to be a poverty-alleviation mechanism but the inherent 

geographic congruence of welfare needs and threatened ES creates great potential for 

identifying development goals as a secondary aspiration (Wunder 2008). PES 

programmes have been implemented across a range of biomes but with particular 

emphasis on tropical forest areas following Costa Ricaôs pioneering PES programme 

(Pagiola 2008). 

1.4.1 The PES programme Bolsa Floresta 

A large-scale PES programme, the Bolsa Floresta, has been implemented across 

extractive reserves in the Brazilian state of Amazonas since 2007 (Viana 2008). 

Enrolled participants are reserve residents who agree not to clear any primary forest, in 

return for cash payments and developmental support. In terms of scale, the Bolsa 

Floresta is one of the largest PES programmes introduced in a tropical forest region, 

with over 7,000 families enrolled and an ambitious planned expansion. We use this 

programme as a case-study in our examination of how PES may act as a complementary 

or alternative conservation mechanism in tropical forest areas. 

1.5 Thesis background 

1.5.1 Objectives 

This thesis examines issues of sustainable resource use and socioeconomic development 

within the context of Amazonian extractive reserves. Specifically, this study quantifies 

patterns of livelihood strategies of rural Amazonians and explores the potential for 

NTFP commercialisation and PES programmes to play a role in tropical forest 
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conservation and the development of rural livelihoods. The thesis uses two case-studies 

ï Copaifera oleoresin as an NTFP and the Bolsa Floresta PES programme ï as 

examples of contemporary conservation and development mechanisms. By exploring 

the current contribution of agrarian and extractive activities to rural livelihoods, it is 

possible to assess the likely contribution of both NTFP extraction and PES payments to 

household incomes. 

1.5.2  Interdisciplinary  science 

Conservation academia has increasingly recognised the benefit to be gained from 

interdisciplinary research that draws upon both the natural and social sciences 

(Campbell 2005; Kainer et al. 2006). Ecological and social problems in the tropics are 

frequently linked not only by their geographic congruence but also by their underlying 

drivers, and so the division of conservation and socioeconomic development is neither 

necessarily desirable nor productive. The central subjects of this thesis ï extractive 

reserves, commercial NTFP harvesting, and PES programmes ï have all been discussed 

within the context of achieving both conservation and development goals. A holistic 

understanding of the issues addressed by this study therefore demands an 

interdisciplinary approach, and I thus draw upon both ecological and social science 

research methods. 

1.5.3  Study site 

1.5.3.1 Amazonas 

This study examines resource use within intact tropical forest areas, with a focus on the 

Brazilian state of Amazonas. Occupying 1.57 million km
2
, Amazonas is the largest 

Brazilian state and retains 96.2% of its original forest cover (INPE 2011). Almost half 

of the state (76,907,408 ha; 49.0%) is designated as protected areas, with the proportion 

of inhabited reserves (41.8%) vastly exceeding that of strictly protected areas (7.2%) 

(ARPA 2009; Fig. 1.2). Amazonas has consequently been a centre of attention for 

conservation and research programmes aiming to understand and protect livelihoods, 

environmental services, and biodiversity within extensive intact primary forest areas 

and extractive reserves. 

Amazonas has a total population of 3.5 million people, but 51.5% of these live in the 

state capital, Manaus, and a further 27.6% live in municipal towns (IBGE 2011). Rural 

population density is thus just 0.5 per km
2
 and the rural population of ~728,000 people 
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Figure 1.2. The protected area network of the state of Amazonas, Brazil. The dashed 

rectangle indicates the study reserves, shown in Fig. 1.3. The inset indicates the location 

of Amazonas (green) within the Brazilian Amazônia Legal (bold) in Brazil (grey). 

 

live mainly in river-side communities, since Amazonas contains few major roads and 

mobility is dominated by fluvial transport. 

1.5.3.2 Seasonal floods and várzea forest 

Much of western Amazonia, including Amazonas, is subject to a large seasonal flood 

pulse as a consequence of high rainfall in the Andean catchment (Pinedo-Vasquez et al. 

2011). Water levels rise by up to 12 metres in the months following peak rainfall, 

flooding wide bands of forest on either side of the main river channels. This seasonally-

flooded várzea forest contrasts with the permanently dry terra firme forest found at 

higher elevations further from the main river channels and on the smaller tributaries that 

drain local catchments. The fauna and flora of várzea forests have evolved unique 

strategies to cope with this seasonal inundation, resulting in ecologically-distinct 

communities and behaviours (Haugaasen and Peres 2007). Rural people living within or 

near várzea forest have similarly adapted to its idiosyncrasies, often adjusting their 
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livelihood strategies seasonally to take advantage of opportunities to access alternative 

resources presented by rising and falling floodwaters (Pinedo-Vasquez et al. 2011). 

1.5.3.3 Médio Juruá study site 

Most of the data in this thesis were collected within and around two contiguous 

extractive reserves bisected by the Juruá River, a large white-water tributary of the 

Amazon (Solimões) River in the state of Amazonas, Brazil. The federally-managed 

Médio Juruá Extractive Reserve (hereafter, ResEx Médio Juruá) occupies 253,227 

hectares, whilst the larger, state-managed Uacari Sustainable Development Reserve 

(hereafter, RDS Uacari) is 632,949 hectares in area (Fig. 1.3). 

A 10 ï 20 km wide band of várzea forest spanning the main river channel is subjected to 

a prolonged flood-pulse every year between January and June, whilst terra firme forests 

on higher elevation are never inundated. The elevation is 65 ï 170 m above sea level 

and the terrain is flat or undulating. The area has a wet, tropical climate; daily rainfall 

recorded at the Bauana Ecological Field Station (S 5°26' 19.032" W 67°17' 11.688") 

indicated that 3,659 mm and 4,649 mm of rain fell annually in 2008 and 2009, 

respectively. All forest within the study site was intact, primary forest which had 

experienced virtually no logging activity except for some historical selective removal of 

the largest adult trees of commercial timber species (including Copaifera spp.) from 

várzea forest between 1970 and 1995 (Scelza 2008). Timber extraction ended with the 

creation of the reserves. 

The ResEx Médio Juruá and RDS Uacari were decreed in 1997 and 2005, respectively, 

and are currently inhabited by some 4,000 legal residents distributed across 

approximately 60 settlements of between 1 and 89 households (mean ± SD = 10.3 ± 

13.2, median = 7, N = 50). Most communities are located along the main river channel, 

while others are settled on the banks of tributaries and oxbow lakes on either side of the 

Juruá River. Reserve residents variously engage in agricultural, extractive, and fishing 

activities for both subsistence and cash income (SDS 2010). 

These reserves are two of the most ótraditionally-functioningô reserves in Amazonas 

(H.S.A. Carlos (SDS), personal communication). Although administered by different 

government agencies, the two reserves are geographically contiguous, and their shared 

ecological, socioeconomic, and income opportunities unify them to a much greater 
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Figure 1.3. The study landscape, incorporating the Médio Juruá Extractive Reserve and 

the Uacari Sustainable Development Reserve in the state of Amazonas, Brazil. All 

communities within the Juruá watershed are shown: grey communities are 

administratively within the reserves; white communities are outside. The municipal 

town, Carauari, and adjacent protected areas are indicated. Elevation colours 

approximate to the two main forest types: green areas are várzea forest; yellow and red 

areas are terra firme forest. 

 

extent than their administrative structure separates them. We therefore treated them 

largely as a single system, without disregarding their differences when pertinent. 

1.5.4 Research context 

This study was conducted within the context of a 4-year DEFRA Darwin Initiative 

research project (Ref. 16-001). Exploring ideas related to the ñcommunity-based 

sustainable management of forest resources in Amazonian extractive reservesò, this 3-

year multi-stranded project aimed to design guidelines to manage game vertebrates and 

other non-timber resource populations in large multiple-use tropical forest reserves. In 

collaboration with Brazilian federal and state government agencies, the project worked 
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to develop effective community-based wildlife management programmes that were 

grounded in the socioeconomic reality of Amazonian extractive reserves. Data 

collection protocols and logistical operations employed by this project were a key 

contribution to this thesis. 

1.6 Thesis structure 

The five principal chapters (chapters 2 - 6) are written in the form of peer-reviewed 

papers. At the time of submission, one chapter was published (chapter 4: Newton et al. 

2011), and two chapters were in press (chapter 2: Newton et al. in press a; chapter 6: 

Newton et al. in press b). Chapter 2 describes the heterogeneity in livelihood strategies 

adopted by rural Amazonians living in extractive reserves, relating these patterns to 

demographic, geographic, and socioeconomic determinants. In illustrating the principal 

patterns and drivers of contemporary resource use by reserve residents, this chapter will 

define the context for the remainder of the thesis. In chapters 3 to 5 I use the case-study 

of Copaifera oleoresin to explore the multiple disciplines that contribute to a holistic 

understanding of commercial NTFP harvesting. Seeking first to define the spatial 

distribution of this resource at a basin-wide, landscape, and local scale, I aim to 

demonstrate in chapter 3 how a cross-scale approach can be useful in understanding 

variation in resource density and spatial distribution. Chapter 4 describes the results of a 

quantitative experimental harvest of four species of Copaifera and assesses how 

morphological and environmental drivers may influence harvest yields of an NTFP. In 

an interdisciplinary synthesis, Chapter 5 combines results from the spatial and harvest 

studies with novel socioeconomic and market data. Using spatial accessibility models, I 

generate estimates of the potential volumetric and monetary values of oleoresin that 

could be harvested from the study area. Chapter 6 examines the concept of PES as an 

alternative, market-based mechanism by which some of the problems of tropical forest 

loss may be addressed. I assess whether the payment structure of the Bolsa Floresta 

programme may be limiting its ability to achieve its conservation goals. Finally, Chapter 

7 draws together some of the implications and conclusions of the thesis, and suggests 

directions for future work. 
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