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Abstract

Innovativemanagement strategies are required to enbarpersistence of biodiversity
andenvironmental servicds intacttropical forestregions whilst developing the
livelihoods of forest dwellers, particulariy light of increasingorest degradation and
deforestationthreats Commercial extractionf non-timber forest produstand
payments for environmental services programaiestoachievethese duagjoals often
within extractive reserveswhich provide the administrative and latehure framework
for programme implementatiofhis thesis aimed to a=ss the potential of thesgo
mechanisms to maintain forest integrity whilst contributing to rural economies, using a
combination of ecological and social research methadsluding linetransect
censuses, an experimental harvest, weekly household/su&k mapping, and
community interviewsSubstantial/ariationwas observeah the livelihood strategs of
traditionalcommunities along the Jurua River of western BrazAiarazona.
Agriculture forest extractivism, and fishing were importanalichouseholds for
subsistencebutthere wassignificant variation irhouseholdengagement with income
generating activitiedMuch of this variation was attribed to local accessibilityto
permanentlyunflooded land stable for perennial agricultureleterogneitywas also
observed irthe spatial distribution, size structueand harvest yields afees in the
genusCopaiferg which are valued for their medicinal oleoresfariation between
species and forest typaffectedaccessiliity of this resource, derminingthe potetial
for commercial harvestindrResults alsalemonstrate that programmes that aim to
protectenvironmental services binancially compensatingural people to avoid
undesirabléand-use practies may benefit fromareful programme deg in relation to
part i oppgtaniycastBUndifferentiated pyments made by thgolsa Floresta
programme failed taccount fothe greater costs incurred by househthds were
more dependent on agranthan extractie activities The thesis catludes thathe
spatial configuration of forest types in the neighbourhood of Amazonian communities
affectslivelihood strategies analccessibility of forest resources)d is therefore a key
determinant othe likely impact of conservation and developm@auitcy. The
mechanisms examindxbth have their limitations, but in aggregate could form an

effective management strategy for primary tropical foegstactive reserves
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AThe forest is one big thing; it has peoj
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 awayeTdroups 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 grougsnot 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 i s strong enough to win alone; toget he¢
Paikan, Kayapé leader

(from Hecht and Cockburn 198
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Introduction

Photos: Making acai terra firme forest; the Jurua River



1.1Tropical forests and Amazonia

Tropical forests contain a greater proportion of biodiversigytany otheterrestrial
biome,provide critical environmeal services including carbon sequestration and
hydrological regulationand directly support the livelihoods of millisof rural people
who rely on forest resources for food, shelter, medicine or ing@meratior(Chhatre
and AgrawaPl009. Intact tropcal forests are thus economicaligluableat a global,
nationalandlocal scaleevenwithout consideration of nomonetary existence values.
Amazoniais the world's largest tropical forespvering 5.3 million kr (2003, 85% of
the original area), of wbh 62% lie within Brazil (SoareKilho et al. 2006; Malhi et al.
2008)

The integrity of Amazoniaforestds threatened by a combinati of anthropogenic
influences includingpopulation growth, industrial logging and mining, agricultural
developmentespecially cattle and s@), road constructionahich opensaccess to
areas of previously unaffected forest) and huigaited fires (Laurence et al. 2001).
These influences agreatestn eastern and southern Amazarparticularlywithin the
notorious ‘arof deforestation'Deforestationates have been highest in #tates of
Maranh&o, Mato Grosso, Para, Rondonia and Tocantitts up to77% of the forest
cover of individual states alreathst (INPE 2011).

In contrast, forest cover icre and AmazonasB r a zwedtedsmazonianstates
remaingrelatively intact. A paucityf roads and reliance on fluvial transport along
meandering river systems hastil nowlargelyprecluded encroachment dgmaging
cattle and agricultural industriddowever evenremoteparts ofAmazona are
vulnerable to the threat of future deforestatioargescale infrastructural development
can quickly alter accessibility and bring incentives for lasd change (Perz et al.
2008). For example, th&vanca Brasiprogramme mdgedUS $40 billionof
governmental investmetd the construction of roads, pipelines, hydroelectric systems,
power lines, river channelization and port facilitsasce 200qFearnside 2002)he
projected impacts of humanduced climate change are thugr evidence that the future
of these forests is far from secuhdg(hi et al. 200%.

Even in regions wherabsolute rates of deforestation are low or are observed to have
been reduced, thmpacts offorest fragmentatioredgeeffects and selective logwy

can be morélifficult 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.



2005).0theranthropogeni@ctivitiescan be extremelgamaging tdorest integritybut
areinvisible to satellite imagerySub-canopythreats tececosystem integrity affedioth
animal and plant populations aodn result fronhunting pressure, owdishing or the

uncheckeaexploitationof timber and nottimberforest product¢Peres eal. 2004.

1.1.1 Amazoni apyatected area network

As part of a national policy tensure thatorested regioneemainintactBr azi | 6s f e
andstatgover nment agencies have greatly expeé
network in the last two decades (Ryiis and Brandon 200%Ithough protected areas
may beinsufficient to ensure effective conservatiorafifecosystem functioris
Amazonianwatersheds, for example, haveadwatersvhich oftenextend beyond

reserve boundaridsthey do inhibitboth deforestion and fire and are a critical
component of regional conservation strategispstad et al. 200Goared-ilho et al.
2006).A total of 235 million ha of Brazilian Amazonia are currently designated as
protected areas, includifgpth inhabitedgustaimble use reservesd indigenous
territories) and uninhabitedt(ictly protected areaseserves (ARPR009; 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 ttaé pwotected area has been designated
since 2000 (Figl.l). Inhabited reserves now account for 80.4% of reserve coverage,
overwhelmingly exceeding the area accounted for by stjctiyected area3he fate

of Amazonian forests is theretointricatelyassociated witthe lastingsuccess of

inhabitedreservess an integrated conservatidavelopment concept
1.1.2 Extractive reserves

Legally-occupiedsustainable use resenam to combine the gbaf biodiversity and
environmental serviceonservatiowith that ofsocioeconomic developmefiearnside
1989) Within Brazil, the creation of thiseserve network was initiated kbye
socigolitical movemenbf rubbertappersvho foughtto secureaccess to, and
protection ofthe forest that they relied updéor the harvest of rubber and Brazil nuts,
in the face ofjrowingpressure from catdeanchergAllegretti 1990).The assassination
of the rubbettappereader, Chico Medes, in 1988 highlighted their struggle and
attractedhe attention of environmentstis whorecognised ahared goal of forest
conservatior{Brown and Rosendo 20Q2)he first BrazilianReserva Extrativistvas
designated ithis same year, witmore quickly following.The reserves aimed to allow
rubbertappers taontinue their traditinal 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 indicated by (a) the total area designated and

(b) the number of reserveSource: ARPA (2009).



degree of economic sedufficiency through a diversification of hasted products
(Fearnside 1989pustainable useservegurrentlyaccount forl6.1% of Brazilian

Amazonia, compared @.2% by strictlyprotected areas ari.®%6 by indigenous

territories(ARPA 2009)

Braziliansustainable use reserves include protected areas denominRiestas
Extrativista(ResEx) ReservadDesenvolvimento Sustentay@DS) andFloresta
Nacional(FLONA), amongst others. Some reserves are administered by federal
agencies (e.g. ResEx reserves are managed lystiteto Brasileiro do Meio Ambiente
e dos Recursos Naturais RenovayiB#\ MA)) whilst others are statadminisered
(e.g. RDS reserves are managed byS#wretaria de Estado do Meio Ambiente e
Desenvolvimento Sustentay®DS)). As a consequence of these administrative
differences, subtle variation exists in the political framework, regulations, and
management sitegies associated with each reserve category, but atiut®Jrotected
areashare the samenderlying philosophy of combining conservation and
development (Silva 2005).

In aggregate, sustainable use reservemarecommonly and globally referred ts a
extractive r es e Resermakxtratividtitamslatesgoithe samewotde r m
and has significance as a particular des]
reserved i s used throughout t-dtcugiedt hesi s t
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. 200Blepstadet al. 2008. However, extractive reserves were
originally designed as social spaces, rather than biodiversity conservatiopaursés
andconservation success is not assured (Browder 1992). Extractivist populations may
damaye forest integrity thnagh theecologicallyunsustainable harvesting of forest
resources. A further risk is thatotected areamayattracthuman settlemestiue to the
investment and revenue opportunities from gowernt and internati@l donorshigher
population growth ratewithin, oronthe periphery of, extractive reserves pase a
threat to conservation asriWittemyer et al2008. There is therefore a need to better
understandhe cambility of extractive reserves and other protected areas to conserve

biodiversitythroughout Amazoni&@Moegenburg antlevey 2002)



1.2 Traditional Amazonian livelihoods

BrazilianAmazon aréralhuman populatiomcludes indigenous peopldarming
colonists who settled in the 1970s and 198@slimmigrant Brazilians who travelled to
the Amaonian interior during the rubber bosrof the latel9" and mid20™ centuries
(Dean 1987)Such i mmi grants arAmaoonmnddaes & d O6tr a
outnumber the indigenous population, beragiously referred to asbeirinhos(river-
dwellers),seringueiros(rubbertappers) andaboclos(of mixed Brazilian Indian and
European ancestryDuring the height of the rubber trageanytraditional Amazonians
lived aspoorly-rewardedwvorkers in a notoriouslinequitabledebt peonagseystem
wherebyharvesedrubber would béraded for supplies witthelandlord(patréo) of an
area of forestderinga) at prices thaénsure a persistent debt of the worker to the
employer(Hecht and Cockburn 1989Fompetition from Asian plantation rubber
eventually causethe collapse of the Brazilian rubber export market the consequent
disintegration oftie debipeonageystem(Dean 1987)TraditionalAmazonians
remained in the region, adopting an agrtractivist livelihood strategy thaicludes a
combination ofulsistenceswidden agriculture, fishing, hunting, and extraction of
forest productsyith cash revenugeneratedrom the sale of one or more of these

resources.

Over the last decade, many areas have seen a decreaghgsi®n traditional
extractionof rubber and Brazil nutey these communitiesvith greater engagement
with agriculture and cattleanching(Ruiz-Perezet al.2005; Salisbury and Schmink
2007; Vadjunec and Rocheleau 2009). Even sswale agriculture usually involvése
clearance o$widden fields oftenwith detrimental longerm effects tg@rimaryforest
cover. The economic prospectsti@ditional Amazonian communitiesaybe enhanced
in the shorterm (Hecht 1993), but ephemeral gains in livelihood quality associated
with land conversio elsewhere in Amazoniaaveoften rapidlybeenfollowed by
collapses in both natural capital and living standaRigi(igues et aR009).Increasing
reliance on swidden agricultud®es nonhecessarilyead to sustainednprovement of
livelihoods, and amlternative economic approach may be more effective from both a

development and conservation perspective

The spatiabverlapof vast areas of tropical forest ioimense biabgical value with
millions of people living in poverty means that developmerarobptimal management

strategyfor thisregionis a complex procesPriorities and objectivegary widely on a



gradient fromstakeholdergrincipally interesed in environmental protection tihose
moreconcerned abouydoverty alleviationwith manyattenpting to balance the two via
integrated conservation and development initiatid@sarray ofland-usemecharmsms
hasbeen heraldeds holding promise faeconciling the needs of conservation and
livelihoods, including selective timbewxtraction smaltscale sustainable agriculture,
and ecetourism. Two further mechanisms haeeeivedparticularly closeattention,
both in Amazonia and in tropical forests globalliie firstof these, discussed in the
academic literature fdwo decadess the commercialarvesting of nostimber forest
products(NTFPs). Thesecondhaving gained more recent prominenisethe
implementation of marketased payments for environmental services (PES)
programmes. The philosophy and backgroundtbese twanechanismis discused

below.
1.3Commercial harvesting of nontimber forest products

Nontimber forest productareharvestedy millions of rural forestwellers worldwide

as part of a subsistence livelihood strategy to provide food, sheltenedidine

(Koziell and Saunders996. NTFFs have beemnlefined asiall biological materials

ot her than timber, which ar &@dekRegramdact ed
Mcdermott1989. Attention isusuallyfocussed upoplantbased resourcesich as

fruit, oils, resins, leavesind larksalthough sinceNTFPs aralefined by what they are
not, the term hasalso been considered byanyauthors to include animal resousce

such as hunted game and fish (Belcher 2003).

In addition to local consumption by the extractognyNTFPsare also sld togenerag
cash revenue for extractdreither on an indindual basis in local markets through
extractor ceoperatives as part of a more formal trading agreement. Many tropical
NTFPs includingrattan (Sastry 2001), palm hearts (Galetti and Feem©@98) and
Brazil nuts(Mori 1992),have a long history of commercialisatibnt emerging markets
for forestresources have heightened the interest of both academics and development
practitioners in the potentiaconomic value of other NTFPs (Belcheakt2005).
Seminal preliminary assessments suggested that the harvest of Id@FBe an
economicallycompetitive alternative to the extraction of timber within tropical forest
areas (Myers 1988; Peters et al. 1989). Although valuation studies of tthisakia
beenwidely critiqued as ovesimplifications(e.g. Salafsky et al. 1993hey have

played a crucial role in raising consciousness of the poteotitibution of



commercial extractivisno tropical foreseconomiesProponents of commercial NTFP
extraction have drawn attention to the benign ecological impact relative to agricultural
alternatives, antb the contribution that extractivevenuegan make to rural

economiegNepstad 1992)

Otherauthors havenore cautiouslyvarnedthat theNTFP paraligm maynotbe a
panaceaemphasisinghe nuances oéxtractive systems withncertain markets

Unequal distribution of harvesting pressure and the highhishable nature of many
NTFPs create a strong likelihoodlotal overexploitation of resourcas 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 biodiversitgoor monocultures/hich ultimately replace extraction

from wild populations. For example, the Brazilian rubber industry was outcompeted by
Asian plantation rubber (Dean 1987), and the Amazonian palnmafrai{Euterpe

oleraceg has been intensively managed to increase supply in many areas (Weinstein
and Moegenbrg 2004). Even where ecological pressures can be mininmsekletsfor
NTFPs are oftepoorly developedConsumedemand is subject to changing trends and
fashionsand the income earnésloften insufficient to lift people out of poverty

(Padoch 1992)

Given the large diversity daxa, habitatsharvesimethod, and markets involved,is
perhaps unsurprising that appraisafigxtractive systems often reach conflicting
conclusios regarding the ecological or economic sustainability of Nfi&RestingIn
many cases, some of theoblemsdentified abovere not insurmountahland
emerging markets and improved swpmlitical organisation have increasingly allowed
the development of commercialyable extractivenitiatives (Marshall et al. 2006)
Larger-scale extraction of a greater diversity of productsbuastedhe cash economy
of rural Amazonianswithin Brazilian Amazoniarecent increases government
subsidies and NGO investmentsupport extractive initiatives have coited with
expandingnarkets for tropical forest products (Sills and Saha 20&0jous NTFPs
includingcosmetic (e.gandirobaoil (Carapa guianens)3, edible(e.g. Brazil nuts
(Bertholletiaexcelsd, andmedicinal (e.gcopaba oleoresin(Copaiferaspp.)) products

are soldn domestic and international markets (Shanley and Medina 2005).



1.3.1 Copaiferaspp. oleoresin

Oils and resins are partieuly well suited to commercialisatiafue to their relatively
high value per unit weight, which reduces their transport cbsést norrperishable
naturealsomeans that they can be extractedemote rural locations arichnsported
greater distancds their eventuahationalor internationaimarket,and have shelflife
of months or years in contrastdays or weeks of manyler NTFPssuch as fruits
(Shanley et al. 2002)

MedicinalCopaiferaoleoresin (known locally adleo de copaibkis a ubiquitously
known and economicalyaluable NTFP extracted from thasaltrunk of trees of this
genusacross Brazilian Amazoni@lowden2004) The oleoresin is a secondary
metabolite which probably plays a role in the defence strategy of the tree against
pathogens or herbivores (Plowden 2004y widely harvested, traded and used by
rural Amazoniansind is valued for itdemonstratedrdi-inflammatory and analgesic
propeties (VeigaJuniorand Pinto 2002). &idly-expanding domestic and international
markes for Copaiferaoleoresinhaveemerged in the last decadedthe productan be
bought globallyin both urban markets and online.

Copaiferatrees werdistoricallyharvested using an axe to opeceaity in the side of
the treefrom which the oleoresin was extracted, or by simply draining the oleoresin
whilst felling the tree for timbefPlowden 2004)Even the former practice wasdil to
lethally damage the tree, however, and tiasvesimethod is now prabited in most
protected area€ontemporary harvesting uses a boreatrith a small hole (19 mm in
diameter) into the tree trurikom which oleoresin may be drained through fitas
tubing (Leite et al. 2001)If the hole ighensealed, the oleoresin stores may be
replenished and the tree may balridled after a period of months or yedhewton et
al. 2011)

As a consequence w$ nonperishable nature, expanding markets, poigntial for
ecological sustainabilityZopaiferaoleoresinrepresentsa good candidate resource for
commercial extractivismAcademics, government agengiaad NGOs across
Amazonia are interested in the physical and chemical propartiekarvest potdial of
this oleoresinand theecologyof source populations (Santos et al. 200hjereis little
history of Copaiferaoleoresinharvestingwithin our study site, bubcal agenciesre
actively pronoting this extractive activity=or these reasons, welected this NTFBs a
casestudy resource for this thesis.



1.4Payments for environmental services

The development of paymerits environmental services (PES) programnses

second, more recently emergimgechanism by which to addressnservation concesn

whilst bringing development benefits to rural people. PES programseessto translate

the value of natal capital into market values (Engel et al. 2008). This is achieyed b
transferring funds from those that benefit from environmental serfig&®s who may

be downstrearasers, national governments iorthe case of many carbon servicts

global communityi to those whose lardse practices aresponsible for maintaining
thoseES (Wunder2005). Programmesgary enormously in their spatial extepgyment
structureand values, but are unitedy t he -l6ibkiesd® ntersansacti ons
approach t@chieving conservatiogoals (Wunder et al. 2008). TR&ESparadigm is
notforemostintendedto bea povertyalleviation mechanism bdhe inheent

geographic congruence wtlfare needand threatened ES creates great potential for
identifying developmengoals as a secondary aspiratigvunder 2008)PES

programmes have been implemeraedoss a range of biombatwith particular

emphasion tropical foresar eas f ol | owi ng Co proggammiei c ads |
(Pagiola 2008).

1.4.1 The PES progranme Bolsa Floresta

A largescale PES programe, theBolsa Florestahas beenimplemented across

extractive reserves in the Brazilian state of Amazaima® 2007 (Viana 2008)

Enrolled participantarereserve residentsho agree not to clear any primary forest, in
return for caslpaymentsand developmeat support.In terms of scale, thBolsa

Florestais one of the largest PES programmes introducedrimpécal forest region,

with over 7,000 families enrolled and an ambitious planned expang®uose this
programme as a caséudy in our examination of how PES may act as a complementary

or alternative conservation mechanism in tropical forest areas.
1.5Thesis background
1.5.1 Objectives

This thesis examirsdssues of sustainable resource use and socioeconomic development
within the context oAmazonian extractive reservepecifically, his studyguantifies
patternf livelihood strategies of rural Amazoniaasdexplores the potential for

NTFP commercialisation and PES programmaegslay a role in tropical forest



conservation and the developmenhtural livelihoods The thesis uses two castidies
i Copaiferaoleoresin as an NTFP and tBelsa FlorestaPES pogramme as
examples of contemporary conservation and development mechaBismloring
the current contribution aigrarian aneéxtractive activitiesto rural livelihoodsit is
possibleto assesghe likely contribution of both NTFBxtractionand FES paymentgo

household incomes.
1.5.2 Interdisciplinary science

Conservation academia hasreasingy recognised the benetid be gained from
interdisciplinary research thdtaws upon both the natural and social sciences
(Campbell 2005; Kainer et #006) Ecologicalandsocialproblemsin the tropicsare
frequentlylinked not onlyby their geographic congruence lalso bytheir underlying
drivers, andso thedivision of conservation argbcioeconomiclevelopment isieither
necessarilylesirablenor productive The central subjects of this thesisxtractive
reservescommercial NTFP harvestingndPES programmeshave all been discussed
within the context of achieving both conservation and development goals. A holistic
understanding of the issuaddressed by thistudytherefore demands an
interdisciplinary approach, andiusdraw upon both ecological and social science

research methods.
1.5.3 Study site
1.5.3.1Amazonas

This study examines resource use watimtact tropical forest areas, Wwia focus orthe
Brazilian state oAmazonasOccupyingl.57 million knf, Amazonas is the largest
Brazilian stateandretains96.2% of itsoriginal forest cover INPE 201). AlImost half

of the stat€76,907,408 ha; 49.0%9 designated as protected areeitly the proportion

of inhabited reserves (41.8%) vastly exceeding that of strictly protected areas (7.2%)
(ARPA 2009 Fig. 1.2). Amazonasasconsequentlypeena centreof attention for
conservation and research prognaea aiming to understand and protieglihoods,
environmental serviceand biodiversity within extensiviatactprimary forest areas

and extractive reserves

Amazonadas a total population of 3.5 million people, but 51.5% of these live in the
state capital, Manaus, and a further 27.6% in municipal towns (IBGE 2011). Rural
population density is thus just 0.5 perdamd 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 reservémwen in Fig. 1.3The inset indicates the location
of Amazonas (green) within the BraziliAmazonia Lega(bold) in Brazil (grey).

live mainly in riverside communities, since Amazonas contains few major roads and

mobility is dominated by fluvial transpio
1.5.32 Seasonal floods andarzeaforest

Much ofwestern Amazonia, including Amazona&ssubject to a large seasonal flood
pulse as a consequence of high rainfall in the Andean catcliRieaticVasquez et al.
2011). Watetevels rise by up to 12 nress in the months following peak rainfall,

flooding wide bands of forest on either side of the main river channels. This seasonally
floodedvarzeaforest contrasts with the permanently teyra firmeforest found at

higher elevations further from the maiwer channels and on the smaller tributaries that
drain local catchments. The fauna and floraakeaforess haveevolved unique

strategies to cope with this seasonal inundation, resulting in ecologidstityct
communities and behaviours (Haugaaaed Peres 2007Rural people living within or

nearvarzeaforest have similarly adapted its idiosyncrasies, often adjusting their



livelihood strategies seasonally to take advantage of opportuniteEsess alternative

resourcepresented byising and falling floodwatergPinedeVasquez et al. 20).1
1.5.33 Médio Jurué study site

Most of the data in this thesis were colleatéthin and around two contiguous
extractive reserves bisected by the Jurua River, a large-wait tributary of the
Amazon(Solimdes) River in thetate of Amazonas, Brazil. The federaityanaged
Médio Jurué Extractive ReseneefeafterResEx Médio Jury@ccupies?53,227
hectareswhilst thelarger,statemanaged UacaBustainable Development Reserve
(hereafterRDS Uacarl) is 632,94%ectaresn area(Fig. 1.3).

A 107 20 km wideband ofvarzeaforestspanninghe main river channé$ subjected to
a prolonged floogbulse every yedretween January and Jumdilst terra firmeforests
on higher elevatioare neveinundaed The elevation is 65 170m above sea level
and the terrain is flat or undulating. The area has a wet, tropical clidaglterainfall
recorded at the Bauana Ecological Field Stat®5126' 19.032" W 67°17' 11.688")
indicated that 3,659 mm and 4,64%n of rain fell annually in 2008 and 2009,
respectively. All forest within the study site was intact, primary forest which had
experiencedirtually nologging activity exceptor some historical selective removal of
the largest adult trees of commerdiaiber species (includinGopaiferaspp.) from
varzea forest between 1970 and 1995 (Scelza 2Ub8per extraction ended with the

creation of the reserves.

The ResEx Médio Jurua and RDS Uacari were decreed in 1997 and 2005, respectively,
and are currentlinhabited by some 4,000 legal residents distributed across
approximately60 settlementsf between 1 and 89 households (mean + SD =10.3 +

13.2, median = M = 50). Most communities are located along the main river channel,
while others are settled oretbanks of tributaries and oxbow lakes on either side of the
Jurud River. Reserve residents variously engage in agricultural, extractive, and fishing

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

Thesereservesatewo of t he Imbsncoé6t oadngdbonaserves
(H.S.A.Carlos(SDS), personal communication). Although administered by different
governmengagencies, the two reserves are geographically contigaaodsheir shared

ecological, socioeconomiand income opportunitsunify them to a much greater
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Figure 1.3.The study landscap@corporating the Médio Juru& Extractive Reserve and
the Uacari Sustainable Developmemserve in the state of Amazonas, Brazil. All
communities within the Jurua watershed are shown: goeyneunities 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 varzea forest; getoed

areas are terra firme forest.

extent than their administrag structureseparates them. We therefore treated them

largely as a single systemithout disregarding their differences when pertinent.
1.5.4Researchcontext

This study was conductedtiin thecontext of a 4yearDEFRA Darwin Initiative

research projeqRef. 16001). Expl ori ng i deas -basedat ed t o
sustainabl e management of forest resour c
year multistranded project aimed tiesign guidelines to manage ganegtebrates and

other nortimber resource populations in large multipkee tropical forest reserves. In
collaboration with Brazilian federal and state government agencies, the project worked



to develop effective communHyased wildlife management prognamas that wee
grounded in the socioeconomic reality of Amazonian extractive reserves. Data
collection protocols and logistical operations employed by this project wene a
contribution to this thesis.

1.6 Thesis structure

Thefive principal chapters (chapters B) are written in the form of peeeviewed
papersAt the time of submission,n@ chapter was published (chapter 4: Newton et al.
2011),and twochaptes werein press (chapter 2: Newton et al. in prasshapter 6:
Newton et al. in preds). Chapter 2lescribeshe heterogeneity in livelihood strategies
adopted byural Amazonians living in extractive reseryesating these patterns to
demographic, geographiand socioeconomideterminants. In illustrating theipcipal
patterns and drivers of contemporary resource use by reserve residentsaptaswill
definethe context for the remaier of the thesis. In chapters 3 tbdse the casstudy

of Copaiferaoleoresin to explore the multiple disciplines thattcbute to a holistic
understanding odommerciaNTFP harvesting. Seeking first to define the spatial
distribution of this resource atbasirwide, landscapgand localscale | aim to
demonstratén chapter S ow a crosscale approach can be usefulimderstanding
variation in resource density and spatial distribution. Chapdesdribeghe results of a
quantitative experimental harvest four species o€Copaiferaandassesselsow
morphological and environmental drivenayinfluence harvest yieldsf an NTFP. In

an intedisciplinary synthesis, Chaptercdbmbinegesults from the spatial and harvest
studies with novel socioenomic and market data. Using spatial accessibility models, |
generateestimates of the potential volumetric and monetaryesbf oleoresin that
couldbe harvest from the study area. Chapteexamines the concept of PES as an
alternative, markebbasedmechanism by which some of the problems of tropical forest
loss may be addresseddsess whethdéne payment structuref the Bolsa Floresta
programmemay be limitingits ability to achieve its conservation godtally, Chapter

7 draws together some of thenplications and conclusions of the thesasd suggest

directions for future work.
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