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RESUMO 

 

A Amazônia brasileira contém a maior área de floresta tropical do mundo, cerca de um 

quarto da qual está dentro de territórios indígenas. O reconhecimento formal desses 

territórios originários pelo governo pode ser crítico ao controle do desmatamento, 

porém, o desempenho relativo para conservação das Terras Indígenas (TIs) sob 

diferentes situações legais e contextos geográficos permanece pouco compreendido. 

Nós utilizamos imagens de satélite com resolução de 30 m para avaliar 

quantitativamente o status da cobertura vegetal e uso da terra, bem como as taxas 

anuais de perda de vegetação natural de 378 territórios indígenas e seu entorno direto, 

entre 1985 e 2017. Utilizando uma abordagem de modelos mistos nós avaliamos um 

conjunto abrangente de covariáveis ambientais e socioeconômicas, e concluímos que 

todos os estágios, incluindo os iniciais, do reconhecimento formal de TIs contribuem 

consistentemente para o controle da perda de vegetação natural em toda a Amazônia 

brasileira, em comparação com áreas desprotegidas adjacentes. A homologação final 

e a proximidade das estradas foram as principais covariáveis determinantes da perda 

evitada de vegetação natural. Ressalta-se, assim, a importância de se considerar a 

expansão da infraestrutura, ao avaliar o desempenho das reservas indígenas no 

controle da perda de vegetação natural. Como a perda de florestas e cerrados 

associada a fronteiras do agronegócio e projetos de infraestrutura tende a se 

intensificar, espera-se que a importância dos serviços ecossistêmicos fornecidos pelas 

TIs aumente na Amazônia brasileira. Nossos resultados apontaram, ainda, que 

componentes étnicos e linguísticos das populações das TIs não afetam a sua 

performance de conservação, assim como TIs mais densamente povoadas não 

apresentam redução de eficácia para a conservação. Verificamos, portanto, que dado 

o avanço da fronteira agrícola, o reconhecimento formal dos territórios indígenas é o 

fator-chave na desaceleração da conversão de habitat primário na Amazônia. 

 

Palavras-Chave: Terras Indígenas, Demarcação, Ecologia da Conservação, Áreas 

Protegidas, Amazônia Legal. 
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ABSTRACT  

 

Reducing natural vegetation loss in Amazonia critically depends on the formal 

recognition of indigenous territories 

 

The Brazilian Amazon contains the world’s largest tract of tropical forest, about one 

quarter of which is within demarcated indigenous territories. Formal governmental 

recognition of these traditional territories is often a critical deterrent to deforestation, 

but the relative conservation performance of Indigenous Lands (ILs) under different 

legal categories and geographic contexts remains poorly understood. We used 30-m 

resolution Landsat satellite imagery to quantitatively assess the land cover status and 

annual rates of natural vegetation loss for 381 indigenous territories between 1985 and 

2017. Using a comprehensive set of environmental and socio-economic covariates and 

a mixed-modelling approach, we found that all stages of formal IL recognition 

consistently inhibits natural vegetation loss throughout the Brazilian Amazon compared 

to adjacent unprotected areas. Formal Demarcation and distance from roads were the 

main proximate drivers of avoided natural vegetation loss inside ILs. Forest loss 

associated with road building is substantially curbed by ILs, showing the importance of 

frontier expansion when assessing indigenous reserve performance in counteracting 

natural vegetation loss. Because forest and savannah losses associated with 

agribusiness frontiers and infrastructure projects are likely to intensify, the importance 

of ecosystem services provided by ILs is expected to grow across the Brazilian 

Amazon. Cultural traits or heavily settled ILs have no impact on their effectiveness in 

precluding natural vegetation loss. Given widespread encroachment of agribusiness, 

formal recognition of indigenous territories is a key factor in decelerating primary 

habitat conversion across the Amazon. 

 

Keywords: Indigenous Lands, Demarcation, Conservation Ecology, Protected Areas, 

Legal Amazon. 
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APRESENTAÇÃO 

Em 2020, 424 Terras Indígenas estão ratificadas ou em processo de 

reconhecimento formal na Amazônia brasileira, compondo 115 milhões de hectares, o 

equivalente à quarta parte de toda a Amazônia Legal (FUNAI, 2019). Um vasto 

conjunto de evidências apontam a contribuição da parcela do território sob domínio 

indígena para o controle do desmatamento na Amazônia brasileira (e.g., Nepstad et 

al., 2006; Nolt, et al., 2013;) e em outros países (Nelson & Chomitz, 2011; Schleicher 

et al., 2017). De acordo com dados do INPE, o desmatamento em todas as Terras 

Indígenas (TIs) da Amazônia brasileira foi inferior a 2% até 2017, enquanto o restante 

da Amazônia havia acumulado 20% de perda florestal (ISA, 2020). Com relação ao 

estoque de biomassa, de 2003 a 2013, a perda de carbono por desmatamento fora 

das TIs e outras Áreas Protegidas foi duas vezes maior do que dentro dos seus limites 

(Walker et al., 2020). No entanto, o desmatamento na Amazônia está em ascensão, 

após um período de relativa estabilidade a partir dos anos 2000, e as TIs aparecem 

como alvo de madeireiros e garimpeiros ilegais, que frequentemente resultam em 

degradação da floresta. A derrubada da floresta nas TIs Amazônica cresceu 80% em 

2019, e em TIs a aceleração do desmatamento foi ainda maior, 113% (ISA, 2020). 

Se por um lado, a importância das Terras Indígenas para o controle do avanço 

da fronteira de desflorestamento é amplamente conhecida, os aspectos determinantes 

para o desempenho de conservação desses territórios ainda não haviam sido 

propriamente investigados, em especial no que se refere aos efeitos do processo 

formal de reconhecimento e demarcação territorial. Nesse contexto, no capítulo I é 

apresentada a evolução espacial e temporal da perda de cobertura vegetal natural 

(floresta e cerrado) no interior das TIs amazônicas, em comparação com seu buffer 

externo de 10 km, com base em dados anuais entre 1985-2017. As análises temporais 

levam em consideração o tempo a partir de cada um dos três últimos principais 

estágios formais de demarcação das TIs: i) Declaração de Limites; (ii) Demarcação 

Física e iii) Homologação. Em seguida, uso modelos mistos para revelar os principais 

componentes preditores da eficácia das Terras Indígenas para a prevenção da perda 

de vegetação natural quando comparada ao seu perímetro externo, considerando o a 

finalização do processo de demarcação, variáveis ambientais e características 
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demográficas das TIs (densidade populacional, etnicidade, tempo após demarcação, 

e distância das estradas). 

 

 

OBJETIVOS 

Objetivo Geral 

Essa dissertação teve como objetivo investigar qual o papel da demarcação territorial 

no controle da perda da cobertura vegetal natural (floresta e cerrado) nas Terras Indí-

genas da Amazônia Legal Brasileira. 

 

Objetivos Específicos 

 

a) Avaliar os efeitos dos diferentes status de reconhecimento formal das Terras Indí-

genas sobre a perda de vegetação natural nos territórios indígenas, em compara-

ção com as áreas desprotegidas adjacentes;  

b) Quantificar a importância relativa de diferentes preditores ambientais e populacio-

nais das Terras Indígenas da Amazônia para a sua capacidade de inibir a perda 

da vegetação natural. 

 



 
 

 

 

 

 

 

 

 

CAPÍTULO I.  

Duarte, D. P.; Nelson B. W.; Perdomo, E. F. C., Peres, C. A. 

Reducing natural vegetation loss in Amazonia critically de-

pends on the formal recognition of indigenous territories. 

Submetido a Global Enviromental Change. 
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Reducing natural vegetation loss in Amazonia critically de-

pends on the formal recognition of indigenous territories 

 

Abstract 

The Brazilian Amazon contains the world’s largest tract of tropical forest, about one 

quarter of which is within demarcated indigenous territories. Formal governmental 

recognition of these traditional territories is often a critical deterrent to deforestation, 

but the relative conservation performance of Indigenous Lands (ILs) under different 

legal categories and geographic contexts remains poorly understood. We used 30-m 

resolution Landsat satellite imagery to quantitatively assess the land cover status and 

annual rates of natural vegetation loss for 381 indigenous territories between 1985 

and 2017. Using a comprehensive set of environmental and socio-economic 

covariates and a mixed-modelling approach, we found that all stages of formal IL 

recognition consistently inhibits natural vegetation loss throughout the Brazilian 

Amazon compared to adjacent unprotected areas. Formal Demarcation and distance 

from roads were the main proximate drivers of avoided natural vegetation loss inside 

ILs. Forest loss associated with road building is substantially curbed by ILs, showing 

the importance of frontier expansion when assessing indigenous reserve 

performance in counteracting natural vegetation loss. Because forest and savannah 

losses associated with agribusiness frontiers and infrastructure projects are likely to 

intensify, the importance of ecosystem services provided by ILs is expected to grow 

across the Brazilian Amazon. Cultural traits or heavily settled ILs have no impact on 

their effectiveness in precluding natural vegetation loss. Given widespread 

encroachment of agribusiness, formal recognition of indigenous territories is a key 

factor in decelerating primary habitat conversion across the Amazon. 

 

Keywords 

Indigenous Lands, Demarcation, Conservation Ecology, Protected Areas, Amazon, 

Indigenous Land rights, rainforest. 
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1. Introduction  

Growing awareness of climate change and the biodiversity crisis, catalyzed by 

increasing tropical forest fires and a rebound in annual deforestation rates, focused 

the world’s attention once again on the Amazon in 2019 (Carvalho et al., 2019; 

Kalamandeen et al., 2018). The Brazilian “Legal Amazon” spans 5,217,423 km2. 

Some 80% of this area was originally within a forest domain, amounting the Earth’s 

largest tract of tropical forest within a single country. The remainder includes parts of 

two other biomes, the Cerrado scrub savannas and the Pantanal wetlands. In 2020 

there are 424 Indigenous Lands recognized by the government, comprising 

1,153,444 km2 (22%) within this region, which are inhabited by 180 recognized ethnic 

groups and at least 28 confirmed isolated groups (FUNAI, 2020).  

The frequency and severity of droughts and floods events in recent years suggest 

that deforestation in the Amazon may be already approaching the limit of hydrological 

viability that can be tolerated by the region’s ecosystems (Lovejoy & Nobre, 2018). 

The Brazilian National Institute for Space Research (INPE — Instituto Nacional de 

Pesquisas Espaciais), estimated that 9,762 km² were deforested across the Amazon 

between July 2018 and July 2019, a 30% increase on the previous year.   

Several studies have shown that recognizing the rights to territorial claims by 

traditional communities is a promising avenue for de facto tropical forest conservation 

in the Brazilian Amazon (e.g., Nepstad et al., 2006; Nolte, Agrawal, Silvius, & Soares-

Filho, 2013; Ricketts et al., 2010; Soares-Filho et al., 2010) and other countries 

(Nelson & Chomitz, 2011; Schleicher, Peres, Amano, Llactayo, & Leader-Williams, 

2017).  
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ILs are fundamentally established to safeguard the rights and livelihoods of 

indigenous peoples, whose subsistence often depends on forest resources. Hence, 

ILs fall outside of the legislative domain of, nor are they regulated by, the Brazilian 

national system of conservation areas (SNUC). In contrast with conservation areas, 

ILs have no legal restrictions on land use and forest resource exploitation, as long as 

these activities are carried out by the indigenous community for their own benefit. 

However, according to INPE data, deforestation across all demarcated Indigenous 

Lands (ILs) in the Brazilian Amazon was less than 2% as of 2017, whereas areas 

outside ILs had accumulated 20% forest loss (ISA, 2020).  Walker et al. (2020) have 

shown that carbon stock losses from clearing inside ILs were considerably lower than 

those outside, although forest degradation and disturbance are a rising concern 

within indigenous territories. This is consistent with studies prior to 2018, showing 

that ILs clearly inhibit deforestation even compared to strictly protected areas 

(Nepstad et al., 2006). 

Moreover, Nepstad et. al (2006) found no effect of indigenous population density, nor 

time since contact, on the extent to which ILs inhibit deforestation.  

This is a relevant metric to explore, as conservation biologists have frequently 

expressed skepticism about the long-term conservation benefits of indigenous 

territories, fearing that the ever-growing indigenous population and future market-

integration into the non-indigenous economy will ultimately lead to detrimental forms 

of forest resource exploitation (e.g. Peres, 1994; Peres & Terborgh, 1995; Redford, 

1992). 

Prior researches also found that this inhibitory effect of IL’s was clearly effective 

along the so-called “arc of deforestation” of Amazonia. Nolte et al. (2013) assessed 

forest cover loss for 2001-2010 across different protected area categories in the 



 
7 

 

Brazilian Amazon and found that ILs confronted the highest levels of deforestation 

pressure but performed best in terms of avoiding neighbouring deforestation among 

all protected areas.  

These studies, however, have so far overlooked the possible ‘protection effect’ of the 

different stages of formal land demarcation on deforestation avoidance, as well as 

the ethnic component of IL occupants on such effect. Rather, most studies treat the 

indigenous domain as a single static condition, or concentrate on ratificated ILs only . 

One exception is a recent study that examined the de jure demarcation of 106 

indigenous communities in the Brazilian Amazon during the 1982–2010 period, and 

the enforcement of demarcation, as covariates tested for their deforestation inhibiting 

effect (Benyishay et al., 2017). Using long-term change in the maximum annual NDVI 

vegetation index as a proxy for deforestation within 4x4km cells of AVHRR and 

MODIS satellite sensors, this study found no evidence that formalizing Indigenous 

Land rights or that supporting surveillance and community enforcement affected the 

extent to which deforestation could be suppressed. However, AVHRR data cannot 

readily detect tropical deforestation and MODIS data, although an improvement over 

AVHRR, is of much lower spatial resolution than is LANDSAT. MODIS-based data are 

an early warning system to support surveillance, but this sensor is not recommended 

to adequately quantify deforestation because of large off-nadir view angles, cloud 

contamination within the large MODIS pixels and because many forest clearings 

occur at MODIS sub-pixel scale (Diniz et al., 2015). 

It is also noticeable that researches so far have summarized the complexity of 

Amazon Indigenous ethnicities in one single category, that doesn’t correspond to the 

manifold indigenous cultural identity and it’s inherent understanding of territory, 

resource management and economic activities. Because at cases government 
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became unable to enforce the laws that protect indigenous lands from invasion, 

encroachment, and resource extraction by third parties, we hypothesize that part of 

the variance of ILs effectiveness in curbing deforestation could be explained by 

cultural factors, with some ethnic groups more actively enforcing legal restrictions on 

outside drivers of encroachment. 

Considering the critical importance of indigenous territories in the Brazilian Amazon, 

the primary predictors to the conservation performance of ILs remain poorly 

investigated. Here we address this problem within the framework of two policy-

relevant questions: (1) how doest formal recognition of Indigenous Land rights affect 

rates of natural vegetation loss within indigenous territories, compared to adjacent 

unprotected areas? and (2) what are the environmental and socio-economic 

predictors of the effectiveness of vegetation loss avoidance. To answer these 

questions, we analyzed a comprehensive dataset on the demarcation events of 381 

officially recognized ILs across the entire Legal Brazilian Amazon region, along with 

~1,400 population census data points, ethnic-linguistic information from all territories, 

and a road network describing physical accessibility. Annual land cover data were 

derived from LANDSAT images classified by the MapBiomas project 

(www.mapbiomas.org). This allowed us to examine a long-term time series (1985-

2017) based on high spatial resolution (30 m), providing a more refined 

understanding of patterns of natural vegetation loss in response to sanctioned 

demarcation of indigenous territories. 
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2. Material and Methods 

2.1 Overview:  

To assess the role of formal demarcation of ILs in deterring natural vegetation loss 

across the Brazilian Legal Amazon, we compiled data for 381 ILs on the basis of five 

datasets: (1) IL geographic location and size; (2) administrative acts defining the year 

of de jure implementation for each judicial stage in the demarcation process; (3) 

natural vegetation loss, within each IL polygon and within each IL’s external 10-km 

buffer; (4) population size and language trunks spoken within IL; and (5) a 

geographic network of paved and unpaved roads managed at both the federal and 

state levels. For each independent IL territory, we intersected these datasets to 

perform generalized linear mixed effects models of IL conservation performance 

considering natural vegetation loss avoidance. 

 

2.2 Study area:  

For this study, we included the entire Legal Brazilian Amazon, which is comprised of 

nine Brazilian states and three adjacent biomes: Amazonia, Cerrado and Pantanal. 

Our sample consists of 381 officially recognized ILs as of 2019, for which geographic 

polygons have been made available by FUNAI (Funai, 2018). In total, these 

represent almost 90% of all 424 existing ILs throughout the Brazilian Amazon. 

 

2.3 Demarcation data:  

Formal recognition of ILs in Brazil must observe administrative steps and procedures 

as defined by specific legislation (Decree 1775 of 1996) (see Supplementary Fig. S 

1). Data on the formalization process for each IL and the year when each 

administrative act was sanctioned were acquired from FUNAI (www.funai.gov.br) and 
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Instituto Socioambiental (www.institutosocioambiental.org). For our analytical 

purposes, the formal demarcation process was considered to follow four successive 

stages: (i) Demarcation studies; (ii) Declaration of boundaries; (iii) Physical 

demarcation; and (iv) Final ratification (see Supplementary Information). These 

judicial stages reflect the current status of all ILs across the Legal Brazilian Amazon 

(Fig. 1).  

The calendar year of an official recognition milestone and the time elapsed since that 

milestone is different across ILs. To account for time between each yearly 

observation of the deforestation avoidance ratio of an IL (tobs) and the milestone 

implementation year of a given demarcation type, we used the official completion 

year of the demarcation stage as time zero (t0). Our variable “Time (years) since 

demarcation” is therefore tobs– t0.  We applied this for the three late demarcation 

stages (Declaration of boundaries; Physical demarcation; and Final ratification). 

 

2.4 Natural vegetation loss avoidance metric:  

To quantify vegetation cover conversion on an annual basis, 30-m pixels, which had 

been previously classified in terms of land use – land cover (LULC), were extracted 

from MapBiomas for each IL and its respective 10-km external buffer area. 

MapBiomas version 3.0 is a 30-m Landsat-derived thematic raster brick comprising 

33 years (1985 – 2017) (i.e. 33 time layers) of LULC data for Brazil. This product 

provides an aggregate temporal mosaic of Landsat pixels per scene per year, which 

eliminates most clouds and cloud shadows within each year.  

The total area of each LULC class was extracted for each IL and its respective buffer 

area, for each of the 33 years, using the R platform (R Core Team, 2019) and the 

Raster package (Hijmans & van Etten, 2012). Finally, we consolidated the 
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MapBiomas classes into a smaller number of classes to quantify the annual total 

area of natural vegetation retained and the annual loss of natural vegetation 

(Supplementary Table S 2). Natural vegetation included forest, savannahs, 

mangroves and other non-forest formations, while anthropogenic land cover 

(cropland and pasture), infrastructure and mining were defined as natural vegetation 

loss. Annual rates of natural vegetation loss were expressed as proportions of the 

total polygon area and calculated for both the IL polygon and its external buffer area. 

To quantify the performance of each IL in terms of avoiding natural vegetation loss for 

each year between 1985 and 2017, we used the annual fractional loss of natural 

vegetation in the 10-km external buffer area surrounding an IL minus the annual 

fraction lost inside the IL. We also tested to be sure that this metric was not 

temporally biased due to a general increase in annual deforestation rates over time in 

the external buffers. Had we found our avoidance metric increased with external 

cumulative deforestation, that might be due to a null model of increasing 

expressibility of an innate avoidance capacity later in time (i.e., after demarcation) 

and lower expressibility of avoidance capacity in early years. However, we found no 

relationship between external cumulative deforestation in the buffers and the 

avoidance metric (Figure S 3). 

 

2.5 Population data:  

Data on total population sizes occupying each IL was retrieved from Instituto 

Socioambiental (ISA, 2020), FUNAI (2020) and official decadal census (IBGE, 2010). 
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2.6 Ethnicity ordination:  

Following Gabbert (2006), ethnic group refers to any grouping that distinguishes itself 

from others by cultural criteria and symbols, such as language, beliefs, norms or 

history. FUNAI data for ILs in Brazil include the ethnic and linguistic features for ILs 

occupants, that can be divided into 55 language trunks. Therefore, information on 

linguistic trunks acknowledged inside each indigenous territory was assembled from 

FUNAI open database and used as a proxy of IL ethnicity. A Principal Coordinates 

Analysis (PCoA) was then performed in order to summarize the original assembly of 

languages spoken within the boundaries of each IL and the ordination score of each 

IL along the first PCoA axis was used as a covariate representing ethnicity (Figure S 

4). 

 

2.7 Distance to roads:  

We acquired geographic information on paved and unpaved roads managed at the 

state and federal level, based on the Brazilian Ministry of Infrastructure 

(www.infraestrutura.gov.br). This official road map was overlaid with the IL map to 

obtain the nearest Euclidian distance between any point along the reserve perimeter 

and the nearest road. Roads that were either immediately adjacent to or intersected 

any given IL boundary were assigned a distance of zero. 

 

2.8 Model building:  

We used the R platform (R Core Team, 2019) and the spaMM package (Rousset & 

Ferdy, 2014) to perform generalized linear mixed effects models (GLMMs) of IL 

performance in avoiding natural vegetation loss. We selected as explanatory 

variables (1) time (years) since demarcation, for which we used the final Ratification, 
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(2) reserve area, (3) population density, (4) ethnicity ordination score, (5) distance to 

nearest road. Covariates and response variable were standardized prior to modelling. 

IL identity was considered a random effect in the GLMMs. We dealt with both the 

spatial and temporal autocorrelation structure by (a) fitting an autoregressive term 

(AR1) to correct for serial correlation and control for inter-annual variation in natural 

vegetation loss, both within and external to the ILs; and (b) adding a covariance 

structure (Matern) for the IL spatial data, for which correlation decays exponentially 

with distance between ILs. Visual inspection of residual plots did not reveal any 

obvious deviations from homoscedasticity or normality.  
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3. Results 

3.1 Natural vegetation loss of Indigenous Lands:  

For our purposes, the formal process of demarcation was disaggregated into four 

stages: (i) Studies of Demarcation; (ii) Declaration of Limits; (iii) Physical 

Demarcation and (iv) Ratification (See Supplementary Fig. S 1).  The status of all ILs 

across the Brazilian Legal Amazon according to these successive stages as of 2020 

is presented in Fig. 1. A total of 332 ILs (77.5%) have achieved the final stage of 

demarcation, while at least 43 (10%) are still awaiting the first stage of FUNAI 

approval. Because some first-stage ILs still lack any defined polygon, they could not 

be included in our analysis.  

 

Fig. 1: Map of Indigenous Lands (ILs) across Legal Brazilian Amazon, showing the 

formal stages of demarcation reached for 381 ILs. Most of the 43 ILs in Stage 1 of 

the administrative process have not been delimited nor have official polygons and 

therefore are not shown. 
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For the entire Legal Amazon region, most of the total acreage of indigenous 

territories was formally designated during the period 1990–2000. During our period of 

analysis (1985-2017), the total official area of all ILs increased 60-fold (Fig. 2). 

On average, fractional vegetation loss each year from 1985 to 2017 was 4.85 (year 

1985) to 13 times (year 2000) higher within the external 10-km buffer area of any 

given IL compared to vegetation loss within the reserves (N = 381); Fig. 2). 

Cumulative natural vegetation loss within an external buffer was as high as 78%, 

such as in Tadarimana Reserve of Mato Grosso, southeast Amazon (Supplementary 

Fig. S 5). Despite this extremely heavy external deforestation pressure, this reserve 

retained over 97% of forest cover within its boundaries. 

 

 

Fig. 2: Cumulative percent of natural vegetation area loss within IL boundaries (blue) 

compared to the percent lost within their external 10-km buffers (red), between 1985 

and 2017. Black line shows change in total IL demarcated area in the Brazilian 

Amazon in the same period. In detail, example of the 10-km wide external buffer 

outside the IL boundaries. 
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3.2 Chronosequence of avoided natural vegetation loss:  

Our temporal analysis confirms a contribution of all three demarcation milestones to 

avoiding annual vegetation loss in ILs across the Brazilian Amazon. Broken stick 

linear models were set to identify the three best fitted segments and two breakpoints. 

A period of enhanced contribution to avoiding annual vegetation loss is manifested by 

the upward slope of the central segment in all three cases (Fig. 3). The central 

segment always started within 5 years before and ended by 10 years after the 

demarcation milestone. Final Ratification is particularly effective when considering 

the mean difference of intercepts between first (mean=0.07 ± 0.05) and third 

(mean=0.24 ± 0.11) segments, resulting in two stepped plateaus.  

 

 

 

Fig. 3: Broken stick linear regressions with two break points, fitted to the annual 

means of avoided vegetation loss for all Amazonian Indigenous Lands, and the time 

since (and before) each of the three demarcation milestones: Declaration of 

Boundaries, Physical Demarcation and Final Ratification. Red dotted lines indicate 

2.5% and 97.5% CI of the regression lines.  All demarcated ILs are included in the 

analyses. The annual metric of deforestation avoidance from each IL is its 

incremental annual forest loss expressed as a percent of the external buffer area 

minus incremental annual forest lost inside the IL, expressed as percent of the IL 

area. Although most of these ILs have completed all four stages, time intervals 

between them are highly variable.  
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ANOVA comparison of annual mean rates of avoided vegetation loss within the 25 

years before (mean=0.10 ± 0.09) compared to the 25 years and after (mean=0.27 ± 

0.17) stage officialization also shows a significant contribution of all three stages of 

demarcation, concluding with IL Final Ratification (mean difference=0.17, p < 0.001) 

(Fig. 4). Achieving ratification has avoided an extra 1,810 km² of rainforest and 

savannah vegetation loss in the Brazilian Legal Amazon every year, on average, 

across the 332 ILs that currently have this status. This additional conservation gain 

equals about 25% of the recent annual deforestation across the Brazilian Amazon. A 

further 140 km² per year could be added to that amount going forward, if the 49 ILs 

still lacking ratification were conferred this status by Presidential Decree.   

 

 

 

 

 

 

 

Fig.4: ANOVA results and p-values for mean differences of annual 

avoided deforestation between before (light blue) and after demarcation status (dark 

blue).  All demarcated ILs are included in the analyses. The annual metric of 

deforestation avoidance from each IL is its incremental annual forest loss expressed 

as a percent of the external buffer area minus incremental annual forest lost inside 

the IL, expressed as percent of the IL area. 



 
18 

 

 

3.3 Spatial analysis of avoided vegetation loss:  

We found that vegetation loss within 10-km buffers outside ILs was uneven across 

the region, with most forest loss detected along the agribusiness frontier in 

southeastern Amazonia (Fig. 5). The states along the ’Arc of Deforestation’, defined 

as the region where the agricultural border advances towards the forest, show the 

highest levels of accumulated forest loss as of 2017 in the external buffers: 

Maranhão (N = 17), Mato Grosso (N = 65) and Rondônia (N = 22) (mean ± SD = 23.0 

± 0.7%, 23.0 ± 7.5 % and 25.0 ± 11.6%, respectively).  

Loss of natural vegetation within ILs as of 2017 followed this trend and was 

concentrated in the agricultural frontier states of Mato Grosso (mean=7.7%; SD=1.4), 

Maranhão (mean=6.6 ± 1.6%) and Pará (N=53; mean=5.9 ± 1.6%). On the other 

hand, the most intact ILs were recorded in the largely forested states of Amapá (N = 

6; 0.2 ± 0.2%) and Amazonas (N = 136; 0.8 ± 0.3%).  

 

 



 
19 

 

 

Fig. 5: Relative amount of forest loss as of 2017 within official ILs and their 

respective 10-km external buffers by state: AC=Acre (N=32), AM=Amazonas 

(N=148), AP=Amapá (N=5), RR=Roraima (N=34), MA=Maranhão (N=19), MT=Mato 

Grosso (N=68), PA=Pará (N=52), RO=Rondônia (N=20), and TO=Tocantins (N=12). 

States shaded in red are those intersected by the ’Arc of Deforestation’ region of 

Brazilian Amazonia. 

 

3.4 Drivers of IL Conservation Performance:  

Our mixed effects model coefficients revealed the impact of physical accessibility, 

represented by the distance between any given IL boundary and the nearest main 

road, as an important predictor of IL performance in terms of deforestation avoidance 

(Z = -3.91).  

IL demarcation, in terms of time (years) since the Final ratification of IL boundaries 

was the second most significant predictor of avoided vegetation loss within ILs (Z = 

2.24).  Estimates for other variables (reserve area and ethnicity) showed no 

significant effects on IL effectiveness in protecting forest cover.  
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Tab. 1: Parameter estimates and fit statistic of the Natural vegetation loss avoidance 

effectiveness model outputs. 

 
Fixed Effects 

Time (years) 
to Ratification 

Area 
Population 

Density 
Ethnicity 

Distance to 
road 

Estimate 
coefficient 

0.138 0.007 0.014 -0.019 -0.286 

Std. Error 0.061 0.054 0.031 0.063 0.073 

Lower 95 0.080 -0.044 -0.016 -0.078 -0.355 

Upper 95 0.196 0.059 0.044 0.041 -0.216 

Z 2.244 0.132 0.439 -0.300 -3.919 

p < .0001 - - - < .0001 

 

 

 

Fig. 6: Estimated coefficients and 95% confidence intervals of explanatory variables 

in linear mixed-effects models for IL avoidance of natural vegetation loss. The 

cumulative fractional loss of natural vegetation in the 10-km external buffer area 

surrounding each IL, minus the cumulative fraction lost inside that IL. The year of IL 

Final Ratification was considered as the main demarcation milestone used as fixed 

effects in the model. External deforestation pressure is obtained by the interactions of 

natural vegetation loss within external buffer and physical accessibility terms. 
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4. Discussion  

4.1 Conservation performance of Indigenous Lands 

This study is based on multi-annual land cover and natural vegetation loss data for 

381 Indigenous Lands and their respective 10-km external buffer areas across the 

Legal Brazilian Amazon. This amounted to 1,937,591 km2, or 37.1% the extent of the 

entire region. We also compiled a comprehensive suite of proximate environmental 

and socio-economic covariates, including (i) temporal information on four milestones 

in the IL administrative demarcation process; (ii) distance to major roads; (iii) 

population data and (iv) ethnicity, based on the linguistic composition of the legal 

occupants of each IL. 

Our models have clearly shown that de jure demarcation process of ILs, since the 

early stages, but in particular its Final Ratification consistently accounts for greater 

effectiveness in avoiding vegetation loss, compared with adjacent areas outside the 

boundaries of ILs. These findings build on previous evidence that ILs are effective in 

precluding vegetation loss in relation to their neighbouring landscapes, and are at 

least as effective as other protected area categories in slowing down location-specific 

vegetation loss and degradation, both in Brazil (Carranza, Balmford, Kapos, & 

Manica, 2014; Nolte et al., 2013) and other Amazonian countries (Nelson & Chomitz, 

2011; Schleicher et al., 2017).  

Our findings substantially add to previous studies by including all demarcated ILs 

across the Brazilian Amazon and extending high spatial resolution (30m) remote 

sensing analysis over a 33-year period, on the basis of MapBiomas data product, 

which removes cloud cover. Moreover, we provide counterfactual evidence to 

previous studies that inferred that IL demarcation was no more effective in avoiding 
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deforestation than unprotected areas, Brazil (Pfaff et al., 2014), and that IL 

declaration of boundaries and enforcement aid provided no additional resistance to 

vegetation loss across the Brazilian Amazon (BenYishay et al., 2017).  

Nevertheless, Amazonian ILs are and will continue to be susceptible to external 

drivers of vegetation loss. Our results show heavier natural vegetation cover loss 

inside both ILs and their respective external buffer areas in Amazonian states 

exposed to the agribusiness frontier, along the so called ‘Arc of Deforestation’, 

compared to more isolated ILs, for example, in northwestern Brazilian Amazonia. 

These findings build on previous studies suggesting that ILs are disproportionately 

located in areas of higher deforestation pressure, thereby enhancing their potential to 

inhibit natural vegetation loss (Nelson & Chomitz, 2011; Nolte et al., 2013; Pfaff et al., 

2014). 

Moreover, earlier evidence that roads are a major proximate determinant of 

deforestation and forest degradation across Amazonia (Laurance et al., 2002; 

Nepstad et al., 2001; Soares-Filho et al., 2004). Our findings reveal that forest loss 

associated with road-building is likely to be curbed within ILs, showing that expanding 

frontier development matters when assessing the performance of indigenous 

territories in counteracting natural vegetation loss.  

These results are important at the current political scenario in Brazil. With the 

changing winds of country’s national geopolitics and an economic downturn, the 

extent to which Amazonian forests are allocated to native Amazonians is often seen 

as excessive. Governmental efforts to turn the economy around frequently follow an 

agribusiness-oriented agenda, including a promise to suspend any further ratification 

of Indigenous Lands (Ferrante & Fearnside, 2019). Traditional people’s territories are 

seen as too large to be relegated to “unproductive” lands. This agenda goes further 
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by (1) shrinking or de-listing other Protected Area categories; (2) calling to 

downgrade existing environmental legislation;  and (3) calling for large infrastructure 

projects such as minning, dams and highways, even within ILs and other protected 

areas (Tollefson, 2018). The latter are known catalysts of deforestation, thereby 

suppressing recent achievements in controlling deforestation across the Amazon 

(Rochedo et al., 2018). Losses of around 20 km2 (7.7 mi²) of ilegal goldmining-

related deforestation were found in the Kayapó and Munduruku ILs in 2019 (Finer & 

Mamani, 2020). In the Yanomami reserve, it reached 5 km² (1.9 mi²) with up to 

10.000 invaders (FUNAI, 2020) which threatens not only IL vegetation, but also 

indigenous health and safety. 

Coupling ethnic group into an assessment of reserve size and population density as 

joint social drivers of avoided natural vegetation loss and forest degradation is 

particularly important in incorporating the influence of socio-cultural factors 

(Wilshusen et al. 2002). Most previous conservation studies on protected area 

performance have been largely restricted to geophysical and economic variables, 

particularly concerning governance, topography, climate and proxies of 

anthropogenic disturbance (e.g. roads, logging and mining). However, Nepstad et al. 

(2006) and Marques et al. (2016) considered human population density in their 

conservation performance analyses of indigenous and nature reserves, respectively. 

Our modelling outputs corroborate their findings in that increasingly higher population 

density within ILs did not reduce the environmental services of ILs in terms of 

avoided vegetation loss. Similarly, ILs ethnic composition show no effect on the 

reserve’s conservation performance. although crucial characteristics such as time 

since first contact with nonindigenous groups, governance, land management 

techniques and economic alternatives can vary widely throughout Amazon 
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ethnicities. This is particularly noteworthy since conventional preservationist 

worldviews on natural resource use often consider long-term benefits of traditional 

indigenous practices as unsustainable under contexts of high population growth and 

market integration of native peoples (e.g. Peres & Terborgh, 1995; Redford, 1992). 

This notion has often led to a failure in integrating local indigenous populations into 

protected area management (McSweeney, 2005; Robinson, 2011). We therefore 

reinforce previous findings showing that the effects of population growth on the 

conservation effectiveness of indigenous territories is not as straightforward as many 

conservationists would have it.  

 

4.2 Effects of reserve demarcation  

All stages of demarcation of Amazonian Indigenous Lands significantly reduced 

natural vegetation loss, but the magnitude of this effect varied across the different 

administrative stages of what often amounts to a drawn-out process. To our 

knowledge, this is the first study that unravels the performance of successive stages 

of the IL demarcation process on avoiding natural vegetation loss. Previous studies 

have treated demarcated IL as a single static condition. This study therefore provides 

a critical refinement in our understanding of the role of existing policy instruments in 

effectively inhibiting environmental degradation of ILs throughout the Brazilian 

Amazon. 

Early stages of demarcation (Declaration of boundaries and Physical Demarcation) 

stablish official boundaries to the IL and, crucially, provide financial resources to 

remove and compensate any non-indigenous occupants within demarcated IL 

boundaries. This occurs before Final Ratification and ensures native Amazonians full 

and exclusive access to their territory and its natural resources, bringing positive 
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consequences in resolving interethnic conflicts. After this, a Presidential Ratification 

Decree represents the final administrative step in the overall demarcation process, 

providing definitive legal status to the IL. In opposition with studies that point out that 

weak land tenure rights favour deforestation and natural resource depletion (Araujo 

et al., 2009), our findings indicate that all stages of Indigenous Land-rights 

recognition discourages further forest conversion by squatters, land-grabbers and 

timber companies. 

The procedure by which the Brazilian Government formally demarcates indigenous 

homelands is under the aegis of FUNAI (Fundação Nacional do Indio), which follows 

a complex and frequently controversial process.  

Although the Brazilian Constitution states that indigenous territorial rights precede 

any official land recognition, the unfolding of the demarcation process is often 

susceptible to the political will of the federal executive branch to bargain for support 

from state and municipal governments and a conservative National Congress 

dominated by the powerful agribusiness lobby (the ruralista backbenchers). IL 

demarcation is a political bargaining chip that can delay the process for decades, 

with detrimental consequences for both indigenous peoples land rights and the 

conservation of natural ecosystems.  Approximately 62% of all indigenous territorial 

recognition in the Brazilian Amazon occurred between 1990 and 2010, favoured by 

benign socio-political policy and public opinion. Only 9% of all new Indigenous Land 

demarcation took place during the decade since 2010 and 588 territorial claims are 

now on hold (ISA, 20). In regions undergoing frontier expansion, indigenous property 

rights often collide with land grabbers (“grileiros”) and large-scale logging interests, 

both of which often resort to violent conflict and expropriation. 
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Given the immense conservation benefits of ILs in terms of avoiding deforestation, 

our findings clearly support fast-tracking de jure recognition of the IL across the 

Brazilian Amazon. As of 2020, (23 of all ILs in the Brazilian Amazon have yet to 

conclude their demarcation process, two of which have awaited their presidential 

ratification decree since 1996.  

Our findings call for politically efficient formal recognition of ILs in the interest of both 

nature and ethnocultural conservation, particularly in areas succumbing to land 

conflicts and threatened by the agribusiness frontier. Approximately 85% of all ILs 

across the Brazilian Amazon regularly confront encroachment by land grabbers and 

illegal logging that degrade access to essential natural resources (FUNAI, 2020; RRI, 

2015). 

 

5. Conclusions 

We present clear evidence that, over the 1985-2017 period, every formal stage of 

Indigenous Lands official recognition consistently inhibits natural vegetation loss 

compared to adjacent unprotected areas outside throughout the Brazilian Amazon. 

The degree to which ILs avoided natural vegetation loss was primarily explained by 

the formal demarcation process, coupled with distance from roads and the extent of 

natural vegetation loss in external buffer areas. Successive intervals following each 

stage in the formalization process had a different relationship with reserve 

performance in terms of averting vegetation loss. The positive conservation effects of 

ILs of are expected to increase as they advance through the four stages of the formal 

demarcation process, with the final administrative stage showing the greatest 

incremental impact. Because primary habitat conversion is likely to intensify with 

encroaching agribusiness frontiers and large infrastructure projects, the importance 
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of environmental services provided by ILs in curbing natural vegetation loss is also 

expected to increase in the Brazilian Amazon.  

We further expand on previous studies by teasing apart the contribution of the 

different stages of the formal recognition process to natural vegetation loss 

avoidance, alongside population density and ethnicity. We have shown that 

increasingly higher population densities and cultural particularities have no significant 

influence over the Indigenous Lands effectiveness in curbing vegetation loss in the 

Brazilian Amazon. We also present a more detailed framework in assessing IL 

performance on natural vegetation loss avoidance by expanding our analysis to all 

ILs across the Legal Brazilian Amazon, over a 33-year period.  

Our findings provide a timely reminder of the nature conservation benefits of the 

officially recognized ILs, which have increasingly become the last refuges of endemic 

species in otherwise highly deforested regions. This may ideally unfold as three main 

politically feasible contributions in (i) safeguarding indigenous rights prior to the 

conclusion of pending demarcation processes; (ii) alerting to legislative initiatives that 

limit the IL recognition process; and (iii) strengthening government and civil-society 

institutions that support native people’s territorial rights. 

Finally, in line with a number of empirical assessments indicating that tropical 

deforestation and unsustainable depletion of natural resources are associated with 

frail institutions and law enforcement (Araujo et al., 2009), we advocate that 

strengthening government institutions responsible for IL surveillance (FUNAI and 

Ministry of Environment) is vital to both restrain predatory overexploitation of 

Amerindian territories and enhance their long-term conservation benefits.  
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6. Supplementary Information 

 

Used Demarcation treatment is based on milestones along ILs formal recognition 

temporal process, following Decree 1775/1996. Fig. S 1 illustrates the major 

milestones and layers of official approval from FUNAI and government. 

 

  

Fig. S 1: Administrative steps of Indigenous Lands demarcation process, in 

accordance to Decree 1775/1996. (ISA, 2020). 
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Tab. S 2.  Class consolidation from original MapBiomas v.3.0 codes, used for 

quantifying annual natural vegetation loss. 

 

Original MapBiomas 

Collection 3 Classes 
 

Consolidated classes: 

(1) = Natural Vegetation; 

(2) = Natural Vegetation Loss; 

(3) = Water 

1. Forest 

  1.1. Natural Forest   

        1.1.1. Forest Formation 3 1 

        1.1.2. Savanna Formation 4 1 

        1.1.3. Mangrove 5 1 

  1.2. Forest Plantation 9 2 

2. Non Forest Natural Formation 

  2.1. Wetland 11 1 

  2.2. Grassland Formation 12 1 

  2.3. Other non forest natural formation 13 1 

3. Farming 

  3.1. Pasture 15 2 

  3.2. Agriculture   

         3.2.1. Annual and Perennial Crop 19 2 

         3.2.2. Semi-Perennial Crop 20 2 

  3.3. Mosaic of Agriculture and Pasture 21 2 

4. Non vegetated area 

  4.2. Urban Infrastructure 24 2 

  4.4. Mining 30 2 

  4.5. Other non vegetated area 25 2 

5. Water 

  5.1. River, Lake and Ocean 33 3 
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Fig. S 3: Scatterplot of annual natural vegetation loss avoidance metric against 

cumulative buffer vegetation loss fraction in percentage, showing no correlation 

between the variables. We tested if annual vegetation loss avoidance metric was 

temporally biased due to a general increase in annual deforestation rates over time in 

the external buffers. 
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Fig. S 4: Principal coordinate analysis (PCoA) plot of linguistic similarity across 

Indigenous Lands in the Brazilian Legal Amazon. Sorensen Index was used for 

indigenous language trunks presence-absence analysis.  
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Fig. S 5: Illustration of Tadarimana Indigenous Land and regional context of land use 

conversion. 
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SÍNTESE 

Nessa dissertação fica demonstrado que as Terras Indígenas demarcadas na 

Amazônia Legal brasileira efetivamente oferecem resistência à perda de vegetação 

natural, tanto florestal quanto de cerrado, quando comparada a áreas adjacentes, 

externas ao seu perímetro. O efeito teve maior intensidade nos estados ao longo da 

chamada “fronteira do desmatamento”, na porção sudeste da Amazônia. Para isso, 

foram analisadas imagens de alta resolução espacial de todas as Terras Indígenas da 

Amazônia Legal e seu entorno direto, ao longo de 33 anos (1985-2017). 

Até o presente, estudos que examinaram o provimento de serviços ambientais por 

Terras Indígenas classificaram a demarcação como um status consolidado, comum 

entre os territórios em qualquer estágio de reconhecimento formal. Nós mostramos, 

entretanto, que essa abordagem pode não ser apropriada, uma vez que as fases do 

rito de demarcação diferiram bastante entre si, no que se refere à inibição da perda 

de vegetação natural. Todos os estádios de demarcação se revelaram importantes 

para a conservação nas TIs da Amazônia Legal, com destaque para as etapas finais: 

Demarcação Física e Homologação. Trata-se dos estágios em que as TIs passam ao 

usufruto exclusivo indígena, com a realocação de eventuais moradores não-indígenas 

e, na sequência, do Decreto Presidencial que encerra o processo formal de 

reconhecimento do território. As terras são então registradas em Cartório em nome da 

União e na Secretaria do Patrimônio da União.  

A acessibilidade por estradas oficiais, bem como o reconhecimento formal dos 

direitos territoriais indígenas, através da demarcação de facto do território se 

revelaram como principais preditores para a eficiência de cada TI em resistir à perda 

de cobertura vegetal natural. A densidade populacional no interior das terras e o 

componente étnico-linguístico da TI, ao contrário do teorizado por alguns autores, não 

reduziu a efetividade das TIs em termos de perda de vegetação evitada.  
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Este estudo oferece, portanto, um oportuno refinamento da compreensão do papel 

dos instrumentos de políticas existentes na inibição efetiva da degradação ambiental 

das Terra Indígenas na Amazônia brasileira, e aponta estratégias políticas e 

institucionais a serem fomentadas, visando à reafirmação dos direitos territoriais dos 

povos nativos e à garantia de refúgio para espécies endêmicas em regiões altamente 

desmatadas. 
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