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ABSTRACT

The largest concentration of isolated indigenous peoples in the world is in the indigenous lands
of the Brazilian Legal Amazon. However, the right to self-isolation and the survival of these
societies are at risk because powerful interests want to exploit the natural assets of their
relatively untouched areas. These ambitions are reflected in a recent bill (PL191/2020), which
proposes opening up indigenous lands to mining. We assess the threat imposed by mining to
isolated peoples and the indigenous territories they occupy. Specifically, we cross data on
mining requests received by the National Mining Agency with information on the distribution
of isolated indigenous groups recorded by the Socio-Environmental Institute, in order to
evaluate the number and aerial extent of requests for mineral prospecting and operation
registered in indigenous lands with isolated groups. We also analyze whether mining requests
are related to the presence of isolated groups, the state of knowledge about them, and the
current existence of illegal mining operations. Our results indicate that, even though mining is
not yet allowed in indigenous lands, mining companies are very active in the search for
exploitable areas in these territories. If bill PL191/2020 passes, mining operations would affect
more than 10 million hectares in 25 indigenous lands in the Legal Amazon region that are
home to 43 isolated groups. We found that the situation is especially worrisome for 21 isolated
groups whose lands concentrate 97% of all mining requests. Mineral-rich areas overlap remote
areas where more indigenous peoples persist in isolation, so that mining requests are
significantly related to the presence of isolated groups. Nonetheless, we show that companies
are hesitant to invest in lands with well-known isolated groups that could impede the licensing
process and pose reputational risks to the companies. Brazil’s mechanisms for environmental
and indigenous protection have been dismantled by the current presidential administration
and offer no guarantees for a safe coexistence between extractive operations and isolated
peoples. Thus, the approval of bill PL191/2020 could lead to undesired contact and the
extinction of a large number of unique peoples, societies and cultures.

Keywords: Amazonia, extractive activities, policy, socio-environmental impact, sustainable
development, uncontacted indigenous groups.
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INTRODUCTION

The Brazilian Amazon is home to more isolated indigenous societies than any other
region on the planet, with at least 120 groups that live isolated from the majority society
(Black 1992, Hemming 1978, 2003, Ricardo and Gongora 2019, Leal Filho 2020) and speak
approximately 50 native languages (Velden 2010). These indigenous groups lack permanent
relations with other societies, either indigenous or not. Many of them are aware of the
existence of other societies but have voluntarily chosen to exercise their right to self-isolation
as a survival strategy after suffering historical episodes of contact associated with violence or
epidemics (OACNUDH 2012, Amorim 2016, FUNAI 2021). Thus, their isolation constitutes
express manifestation of their autonomy and their will. Their rights of self-determination and
self-isolation are protected in Brazil by the oldest and one of the most robust sets of policies in
Latin America. These policies were established in 1987 after the tragic consequences of
practices whose paradigm was to contact isolated groups (Amorim 2016). The National Indian
Foundation (FUNAI) even has a specific department dedicated to the identification and
monitoring of isolated indigenous groups (FUNAI - General Coordination of Isolated and
Recently Contacted Indigenous Peoples). In spite of this, these peoples are poorly known: the
majority of records are just notifications by third parties, and only one-quarter of them have
been verified through overflights or other means by FUNAI (Ricardo and Gongora 2019).

The persistence of isolated societies is closely connected to protection of indigenous
lands, as three-quarters of the known uncontacted groups occur in these territories (90 of 120
groups; Ricardo and Gongora 2019). Indigenous lands were designed to defend the rights of
both isolated and non-isolated indigenous peoples and cover 23% of Brazil’'s Amazon forest
(ISA 2019a). Despite their effectiveness in providing protection, indigenous territories have
historically been under pressure from the exploitation of their natural resources (Albert 1992,
Finer et al. 2008, Zhouri 2010, Bolanos 2011, Ricardo and Gongora 2019). Land invasion for
ranching, logging and mining has resulted in undesired contact and the extinction of many
indigenous peoples in the past and continues threatening the groups that remain isolated
(Walker et al. 2015, 2016, Vaz 2013, CIMI 2018, Leal Filho 2020). One-third of the indigenous
lands in the Brazilian Amazon have a registered interest for mining, and the region is one of
the world’s largest potential suppliers of minerals (Ferreira et al. 2014, Cordani and Juliani
2019). Mining in Brazilian indigenous lands is not officially permitted, in spite of which
numerous mining requests are continuously sent to Brazil’s National Mining Agency (Villén-
Pérez et al. 2018, ANM 2021), suggesting that mining companies are confident of future
approval. The mining lobby has been pressing since 1996 to get regulating legislation passed,
so far without success.

In 2020 Brazil’s far-right president Jair Bolsonaro submitted bill PL191/2020 to the
National Congress that would allow both mining and hydroelectric dams in indigenous lands.
The President promised to open up the Amazon for business and specified indigenous lands as
the main target (Abessa et al., 2019; Artaxo, 2019). Bolsonaro has repeatedly pledged not to
demarcate “a single centimeter” of new indigenous territory and to integrate the indigenous
peoples into the Brazilian society; both of these statements flout Brazil's Constitution of 1988
and legal obligations under international agreements on human rights to which the country is
signatory, including the Indigenous and Tribal Peoples Convention ILO 169 (ILO 1989). While
bill PL191/2020 is under discussion in the National Congress, the president is preparing a
decree to allow mining by international companies in 177 indigenous lands located near the
country’s borders, and the USA has been specifically encouraged to invest in this exploitation
(Teodoro 2020). The Brazilian government is also supporting legislative proposals that seek to
paralyze the demarcation of new indigenous lands (Constitutional Amendment Proposal PEC
215) and to reduce already demarcated lands, opening the way for privatization and illegal
invasion (PL490/2007). Bill PL490/2007 even opens the door to contact without the consent of
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isolated indigenous groups in case a given area is considered of public utility, a concept wide
enough to include any development project, such as mining operations.

The Bolsonaro presidential administration has also worked to make environmental
policy more permissive and to dismantle government agencies in charge of containing
deforestation, conserving biodiversity and protecting indigenous peoples (i.e., IBAMA, ICMBio
and FUNAI; ISA 2020, Barbosa et al. 2021). These institutions have been restructured, military
officers have been appointed to many of the key positions, and the personnel and budgets
have been reduced to the point that their activities have almost completely halted (Ferrante
and Fearnside 2020b). This directly threatens the isolated indigenous groups of the Brazilian
Amazon (ISA 2020). For instance, authorizations for FUNAI expeditions to indigenous lands
have been greatly bureaucratized, hindering in situ activities of the agency (INA 2019).
Moreover, a total of 35 groups were left unprotected when the official supervision of
indigenous lands with incomplete demarcation was cancelled (Biasetto 2019) and when the
monitoring bases in the Yanomami and Vale do Javari indigenous lands were shut down
(Angelo 2020). In addition, FUNAI has now opened the possibility of contacting isolated groups
even during the COVID-19 pandemic, violating their right to self-determination and
threatening their health (CIMI 2020). In addition, a former evangelical missionary was
appointed to head the FUNAI division for isolated Amazonian indigenous groups (Phillips
2020). His previous participation in an extremist sect that focused its activity on contacting
isolated indigenous groups makes him an obvious threat to the 120 indigenous groups that are
voluntarily isolated in the Brazilian Legal Amazon and could see their numbers decimated due
to epidemics derived from contact, whether intentional or not.

Mining can affect isolated indigenous peoples in multiple ways. First, extractive
operations drive deforestation, reducing the territory usable by isolated groups and boosting
the chances of undesired contact (Angelo 2020, Siqueira-Gay and Sanchez 2021, Quijano-
Vallejos et al. 2020). About 20% of Brazil’'s Amazon forest has already been lost (INPE 2020, da
Cruz et al. 2020), and approximately 9% of this is due to the direct or indirect consequences of
mining (Sonter et al. 2017). Areas surrounding mining operations typically undergo an
expansion of urbanization and transport infrastructure, and increased deforestation rates can
be perceived up to 70 km from the mining operations (Sonter et al. 2014, 2017). Moreover,
demographic changes associated with the arrival of the workforce contribute to the depletion
of food resources in the forests and rivers in the area, compromising the livelihoods of the
isolated communities (Hilson 2002, Ricardo and Gongora 2019). Mining can also affect isolated
peoples through environmental pollution (Fernandez-Llamazares et al. 2019). As a result of
intensive gold mining, Amazonian people are among the most exposed to mercury in the world
and report severe health problems (Passos and Mergler 2008), and there is no reason to
expect that these health problems have not reached isolated peoples through polluted waters
and food resources. Finally, the invasion of indigenous territories by non-indigenous people
brings diseases that can decimate indigenous populations (Walker et al. 2015). Isolated
peoples do not have immunity to diseases that are common in the majority society, which
means that even a brief contact can provoke a demographic catastrophe, as has repeatedly
occurred in the past (Amorim 2016). For instance, the massive recent invasion of the
Yanomami Indigenous Land by goldminers has propagated COVID-19, provoking hundreds of
indigenous deaths (Ferrante and Fearnside 2020a, Santos et al. 2020, Palamim et al. 2020).
Mining could have also driven the infection of isolated groups close to mining operations
during the incursions of isolated members that have been reported in mining camps (Ricardo
and Gongora 2019, Fellows et al. 2021). Even in the absence of direct interaction, isolated
peoples may suffer from regional increases in malaria incidence driven by mining camps (Valle
and Tucker-Lima 2014). Thus, opening the door to mining in indigenous lands with isolated
groups is expected to result in a chronicle of a death foretold.
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Given the extended mining interests in indigenous lands, it is obvious that mining
poses a threat to the 90 isolated groups that occupy indigenous territories in the Brazilian
Legal Amazon (Ricardo and Gongora 2019). However, the exact magnitude of the threat has
never been assessed before. This will depend on the spatial coincidence between mining
requests and isolated groups, and our hypothesis is that lands occupied by isolated peoples are
not necessarily the most attractive for mining companies for various reasons. First, mining can
be expected to be more profitable in more-developed regions with better operational and
transport infrastructures (e.g., Duffy 2012). These developed regions are less likely to maintain
large numbers of isolated groups, given that indigenous peoples have predominantly remained
isolated in remote areas (Kesler and Walker 2015). Second, the establishment of mining
operations in regions occupied by isolated indigenous groups has the risk to negatively affect
the reputation of the company. As a consequence, companies may avert planning mining
operations close to isolated groups. Moreover, given the controversy around regulating mining
activities in lands with recognized isolated peoples, mining companies may prefer to invest in
areas without isolated peoples or where these are poorly known. The controversy started
when FUNAI recommended prohibiting mining operations in indigenous lands with isolated
groups; a recommendation that was disregarded in bill PL191/2020 (Prazeres 2020). The bill
excludes operations only within the perimeter frequented by the isolated groups (PL191/2020,
Art. 1 § 29). The text specifies that FUNAI will be in charge of delimiting this perimeter, but this
is very difficult given that only very scant information exists for 60 of the 90 isolated groups
identified in the indigenous lands of the Brazilian Legal Amazon to date, and this information
does not include any quantification of the territory they occupy (Ricardo and Gongora 2019).

In a scenario of policy uncertainty in which bill PL191/2020 is under discussion, mining
companies may anticipate greater trouble in obtaining operating licenses in indigenous lands
with well-known isolated peoples, which may reduce their interest in these areas.

Legal and illegal gold mining play a central role among the mineral commodities
exploited in the Amazon (Sonter et al. 2017) and have provoked social and environmental
impacts in successive gold-rush periods (Malm 1998, Asner et al. 2013, Kahhat et al. 2019). In
2021 the price of gold has reached unprecedented values after increasing by ca. 800% in 20
years of successive world crises (Goldprice 2021). The international demand for gold is
increasing the pressure on relatively unexploited areas such as the Brazilian indigenous
territories (Alvarez-Berrios et al. 2015) and has turned Brazil into one of the top ten producers
of gold in the world (Reuters 2020, World Gold Council 2020). Most mining requests in
Amazonian indigenous lands are for gold mining (Barros et al. 2016, Rorato et al. 2020), and
these territories are currently experiencing an explosion of illegal gold-mining activity (MAAP
2020, Nascimento and Faleiros 2020, Yeung 2020). In a scenario of a new gold-rush, the
interests of illegal and official mining are expected to coincide, so that illegal gold-mining in
indigenous lands should mirror official mining companies’ requests. Mining companies could
even study the location of illegal activities to identify potentially profitable spots. If this is the
case, the approval of PL191/2020 would affect indigenous groups that are currently in a
vulnerable situation due to illegal activities.

Many researchers have documented the impact that mining and other development projects
have historically had on contacted and isolated indigenous peoples of the Amazon (e.g., de
Carvalho 1982, Fearnside 1989, Passos and Mergler 2008, Fearnside 2018, Quijano-Vallejos et
al. 2020, Ricardo and Gongora 2019, Walker et al. 2015), and have called attention on the
pervasive consequences of weakening environmental protection and regulating mining
activities in Brazilian indigenous lands (Villén-Pérez et al. 2018, Ferrante and Fearnside 2019,
Sigueira-Gay et al. 2020, Villén-Pérez et al. 2020). However, none has analyzed the near-future
consequences of these policy changes for isolated indigenous peoples.
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Here we present the first quantification of the risk that the remaining isolated groups in the
Brazilian Legal Amazon will confront in the near future if mining is legalized in indigenous
lands. We also perform a novel analysis to understand whether the presence of isolated
groups or the level of knowledge about them influences the preference of mining companies
for an indigenous territory. We combine spatially explicit databases on mining requests (from
the National Mining Agency), isolated indigenous groups (from the Socio-Environmental
Institute), and indigenous lands (from FUNAI), to analyze the number and geographical extent
of mining requests on indigenous lands where isolated indigenous peoples have and have not
been reported. First, we test whether the presence of isolated groups is significantly related to
the number of mining requests across all indigenous lands in the Brazilian Legal Amazon. We
then focus on the subset of indigenous lands with isolated groups to assess the relative impact
suffered by each land and to test whether the number of mining requests is related to the
number of isolated groups, to the level of knowledge about these groups and to the previous
presence of illegal mining activities. These results are essential for discussions of bill
PL191/2020 and for developing strategies to mitigate the potential impact of future mining
operations on isolated peoples.

METHODS
Indigenous lands and isolated indigenous groups

We compiled information on 90 isolated indigenous groups registered in the Brazilian
Legal Amazon’s indigenous lands, according to a study by the Socio-environmental Institute
(ISA) (Ricardo and Gongora 2019) that includes all FUNAI records and some derived from ISA’s
independent research. The resulting database included: (1) the name of the isolated group; (2)
the indigenous land or lands in which the group is found; and (3) whether there is any reported
impact of illegal wildcat mines (in Portuguese, garimpos) affecting the area. Also included was
a classification of isolated groups into three categories based on the level of knowledge about
them: i) “under information” records are those that have been registered by FUNAI’'s General
Coordination of Isolated and Recently-Contacted Indigenous Peoples (CGIIRC/FUNAI) but lack
any further study; ii) “under study” records are those registered by FUNAI that have stronger
evidence of truthfulness but still lack a systematic study; and iii) “confirmed” records are those
verified by FUNAI through overflights, field expeditions or other means (Ricardo and Gongora
2019, FUNAI 2021). We excluded from this study 32 isolated indigenous groups whose
territories are in the Brazilian Legal Amazon but outside of the boundaries of official
indigenous lands and are located either in conservation units (27 records) or outside of any
protected area (5 records). Finally, we considered that an indigenous land has illegal mining
activity if Ricardo and Gongora (2019) reported that the activity affects any of the isolated
indigenous groups recorded in the indigenous land in question.

We combined this database with a spatialized database of all Brazilian Indigenous
Lands obtained from FUNAI (see Suppl. Mat. Figure S-1). This database includes information on
the Regional Coordination of FUNAI in charge of each indigenous land and on the stage of the
demarcation process of the indigenous land (i.e., “under study”, “delimited”, “declared”,
“homologated” or “regularized”). The 90 records of isolated indigenous groups include four
records that correspond to two groups where the same group was reported in two different
indigenous lands. These were considered as independent groups for all analyses performed at
the level of the indigenous land.

Mining requests

We obtained spatialized information on mining requests reported to the National
Mining Agency (ANM 2021) by 28 August 2020. We therefore obtained additional information
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on those mining operations that are not yet active but are in a planning phase (see Villén-Pérez
et al. [2018] for an interpretation of the different phases of the Brazilian licensing system). We
made a distinction between (1) “research” (mineral prospecting) requests, which seek
permission to investigate the mining interest of an area; and (2) operating requests, which are
asking for permission for operation. These phases are consecutive, so an enterprise is expected
to first investigate the potential of the area and then ask for an operating license. It has been
shown that, upon licensing in Brazilian protected areas, most mining enterprises start their
operations within eight years (Villén-Pérez et al. 2018). These mining requests can therefore
be considered to represent mining planned for the near future.

Mining requests located outside indigenous lands were discarded, as were mining-
request polygons located inside indigenous lands but smaller than 1 ha. When a mining
request affected several indigenous lands, it was considered as a separate request in each
land. We found spatial overlapping among mining requests, as well as between mining
requests and mining projects that are already operative (see Villén-Pérez et al. 2018). Overlaps
were corrected in order to avoid overestimating the extent of the affected area. First, the area
of research requests that overlap areas with operative mining was discarded, assuming that
new requests will not progress in locations that are already being exploited. Second, when two
mining requests overlapped, the one in the earlier licensing phase was eliminated (i.e.,
operating requests prevailed over research requests) or either of the two in cases where both
requests were in the same phase. Overlap correction affected only estimates of aerial extent
of mining requests; no correction was applied in assessing the number of requests.

Analysis

We studied 55 indigenous lands in Brazil’s Legal Amazon region in which one or more
isolated indigenous groups had been identified. For each indigenous land, we obtained the
number of mining requests in the research and operating licensing phases and the area that
would be occupied by these activities. We also calculated the size of each indigenous land. The
boundaries of the polygons representing the mining requests delimit the area in which the
mining operation is intended to be established. This area does not include any associated
development such as transportation, urbanization or mineral processing infrastructure. The
number of requests in an indigenous land is highly correlated with their total area of impact
(see results below) so, for the sake of simplicity, we focused on the results for the number of
requests.

We tested the relationship between the number of mining requests in indigenous
lands and the presence or absence of isolated indigenous peoples, controlling for the size of
the indigenous land. The sample for this analysis was all of the 386 indigenous lands in the
Brazilian Legal Amazon. The number of mining requests across all indigenous lands follows a
negative binomial distribution, with mean = 12.31, variance = 5256 and theta parameter =
0.098 (standard error = 0.010). We developed a generalized linear model (GLM) specifying the
log link function. The covariance matrix of estimated coefficients was produced using a
method that takes into account the effect of leverage points and the heteroscedasticity of
residuals (Cribari-Neto and da Silva 2011); specifically, we used the vcovHC function in the
sandwich package in R software, defining type “HC4m.” The generalized variance inflation
factor (GVIF) value was 1.0004 for all predictor variables.

We also tested the relationship between the number of mining requests in indigenous
lands and the number of isolated groups, the level of knowledge about isolated groups, and
the presence of illegal mining activity, controlling for the size of the indigenous land. In this
case the sample size was 55 indigenous lands in the Brazilian Legal Amazon with reported
isolated indigenous groups. The level of knowledge of the isolated groups was an ordered
factor with three levels, considering that Confirmed > Under Study > Under Information. The
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level assigned to each indigenous land was the highest level of knowledge for the isolated
groups in that land. The number of mining requests across these indigenous lands follows a
negative binomial distribution, with mean = 66.3, variance = 32,569 and theta parameter =
0.169 (standard error = 0.040). We developed a generalized linear model and specified the log
link function. The covariance matrix of the coefficient estimates was produced using the same
method as in the analysis of presence or absence described earlier. GVIF values were 2.59,
1.29, 1.37 and 2.62 for the number of isolated groups, the level of knowledge of isolated
groups, the presence of illegal mining activity and the size of the indigenous land, respectively.
We used ArcGlIS version 10.1 (ESRI, 2012) and R Software version 3.6.2 (R Core Team, 2019) for
database processing and analyses.

RESULTS

About half of the indigenous lands that contain isolated groups in the Brazilian Legal
Amazon (25 lands, 45%) have registered interest for mining. These lands contain ca. half of the
total number of isolated indigenous groups (43 groups, 48%; Figure 1). Eleven of these lands
(20% of the total) have more than 50 mining requests (Figure 2) and account for 96.7% of all
mining requests (i.e., 3526 requests). These highly threatened indigenous lands contain 21
isolated groups (24% of the total). Isolated groups are distributed in indigenous lands all across
the Brazilian Legal Amazon, although the indigenous lands with the highest numbers of
isolated groups are located in the western half of the region (Figure 3A, Suppl. Mat. Figure S-
2). Mining requests are concentrated in indigenous lands in the central and northern parts of
the region (Figure 3B).

Indigenous lands with isolated indigenous groups have a total of 3645 mining requests
occupying 10.6 million ha. Mining requests occupy a substantial portion of some indigenous
lands. Specifically, they affect more than 20% of the area of nine lands, occupying up to 82% of
a single land (Suppl. Mat. Figure S-3). Most requests (93.5%) are research requests (Suppl. Mat.
Figure S-4), and these occupy most of the affected land (95.5%). In each affected indigenous
land, the number of mining requests ranges from 1 to 1020 and the total area of impact ranges
from 11 ha to 3.3 million ha (Suppl. Mat. Figure S-5). The number of mining requests registered
in an indigenous land is highly correlated with the area they occupy regardless of the type of
request, considering all requests (Spearman correlation coefficient p = 0.986; Suppl. Mat.
Figure S-6A), only research requests (p = 0.995, Suppl. Mat. Figure S-5A) or only operating-
license requests (p = 0.990, Supp. Mat. Figure S-6A).

The number of mining requests across all indigenous lands in the Brazilian Legal
Amazon is significantly and positively correlated with the presence of isolated indigenous
peoples, but not with the area of the indigenous land (Table 1, Figure 4A). This model is
globally significant (d.f. = 383, Chisq =58.57, p-value << 0.001), and explains 21.6% of the
variation.

The number of mining requests in the indigenous lands that contained isolated
indigenous groups is significantly and negatively related to the level of knowledge about
isolated groups (Table 2, Figure 4B). This model was globally significant (d.f. = 49, Chisq =
23.88, p-value << 0.001), and explained the 41.7% of the variation. lllegal mining reported by
Ricardo and Gongora (2019) affects 39 isolated groups (43% of the total) located in 21
indigenous lands (Figures 1 and 2), although this factor is not significantly related to the
number of mining requests in indigenous lands.

DISCUSSION

Mining companies have declared interest in ca. 10 million ha of indigenous land in the
Brazilian Legal Amazon, where 43 indigenous groups persist in isolation. The implementation
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of these operations is pending approval of bill PL191/2020 that would open up indigenous
lands to mining. The situation is especially worrisome for 21 isolated groups whose lands
concentrate 97% of all mining requests, and the Yanomami land, which protects seven isolated
groups on the frontier with Venezuela, is the most affected in terms of both the number of
requests and potential area of impact (Figures 2 and S-5). Mining requests affect 15% of the
total extent of the indigenous lands that protect isolated groups in the Brazilian Legal Amazon,
a percentage similar to the effect for the complete set of indigenous lands (Rorato et al. 2020).
Remarkably, mining requests in some lands leave little space for the original purpose of
protecting indigenous rights. This is the case for medium-size lands, such as Xikrin do Rio
Catete or Bau, which have reported mining interests that cover ca. 80% of the area.
PL191/2020 does not specify any upper limit on occupation of indigenous lands by mining, so
these numbers could be achieved if the bill is approved by the National Congress.

Mineral-rich areas coincide with those where indigenous groups have persisted in
isolation, so that the number of mining requests is significantly correlated with the presence of
isolated indigenous groups (Table 1, Figure 4a). Mining requests are concentrated in two parts
of the region: one in Roraima state, and the far-northern portions of Amazonas and Para states
and the other in southern Para (Figure 3b). These areas correspond to the Guiana and Brazilian
shields, respectively, which are more mineral rich than the sedimentary areas either along the
Amazon River or in Acre and neighboring areas in Amazonas (Klein et al. 2018, Cordani and
Juliani 2019). The isolated indigenous peoples are mostly along Brazil’s western and northern
borders, where there has been relatively little presence of non-indigenous Brazilians as
compared to the other parts of the region (Kirby et al. 2006). The areas that have long been
exposed to non-indigenous contact along the Amazon River and in the eastern part of the
region have few isolated peoples (Figure 3a). Where the concentration of isolated groups and
the concentration of minerals intersect, as in the Yanomami Indigenous Land in Roraima and in
the Munduruku areas in southern Par3d, the result is disastrous. In addition to the shield areas
where igneous rocks derived from the cratons result in mineral concentrations, the
sedimentary areas are also threatened due to a different mineral attraction: oil and gas. The
“Solim&es Sedimentary Basin” project now poses a threat to isolated indigenous peoples in the
western part of the state of Amazonas (Fearnside 2020a,b,c).

Notably, we found that mining companies are hesitant to invest in lands with a
confirmed presence of isolated groups (Table 2, Figure 4b). This is probably both because a
mining licensing could be more likely to be barred if the project affects well-known isolated
peoples and because of greater reputational risk to the companies. The current text of bill
PL191/2020 specifies that mining operations will not be allowed within the perimeter
frequented by isolated groups, but it does not specify any priority status to isolated groups
that are categorized as confirmed, in comparison with those under study or under information.
Nonetheless, mining companies may be aware that, at best, FUNAI will be able to provide
information about the perimeter used by groups categorized as confirmed, for which more
information is available (Ricardo and Gongora 2019, FUNAI 2021). As a consequence, they are
avoiding requesting mining licenses in lands with confirmed isolated groups but not in those
with groups under study or under information.

The behavior of corporations and other economic actors has been the subject of
considerable research and theory in the field of economics. One important factor in these
decisions is the degree of risk aversion of the different actors, and this is related to the type of
risk and the size of the company or other actor that is considering a venture. Larger actors
have consistently been found to be less willing to take major risks (e.g., Chen and Lin 1998).
This can be expected to be particularly important for reputational risks (Holzman 2020, RMF
2000). Damage to a large company’s reputation can affect profits in a wide range of the
company’s activities beyond the specific area of the venture in question. In terms of mining in
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Amazonia, actors range from individual wildcat gold miners (garimpeiros) to large international
companies. Wildcat gold miners have little concern for their reputation, but actors applying for
prospecting and operational permits are generally corporations. Our finding that applications
are significantly less likely to be filed for indigenous areas with well-known isolated groups
than in areas either without isolated groups or that lack reliable information on these groups is
consistent with the expected effect of reputational risk aversion.

This novel result highlights the urgent need to study and confirm the existence of all
isolated groups for their protection, first to dissuade companies from investing in their lands
and then to be able to provide information about their location if bill PL191/2020 is approved.
Even in recent times, new isolated groups are recorded at a much faster rate than they are
studied: in the decade from 2006 to 2016, the number of groups under information or under
study increased by 36, while only 7 groups were confirmed (Amorim 2016). Only one more
group was confirmed by 2019 (Ricardo and Gongora 2019), and this type of FUNAI activity has
been almost completely paralyzed since Bolsonaro took office in January 2019 (Ferrante and
Fearnside 2020b). Here we empirically demonstrate that the activities of FUNAI's General
Coordination of Isolated and Recently Contacted Indigenous Peoples and non-governmental
organizations such as the Socio-Environmental Institute (ISA) are essential for the protection of
isolated indigenous groups. We therefore urge the government to provide the operational and
financial conditions to the National Indian Foundation to keep on studying the 91 unconfirmed
records of isolated indigenous groups in the Brazilian Legal Amazon.

Our results indicate that, even though mining is not yet allowed in indigenous lands,
mining companies are very active in the search for exploitable areas (see proportion of
research requests in Suppl. Mat. Figures S-3 and S-4). It seems that these companies want to
be well-positioned for the opening of indigenous lands to mining (Angelo and Jordan 2020).
Even though the pressure on indigenous lands is lighter than is the case for conservation units
(protected areas for biodiversity) where mining activity is explicitly permitted (Villén-Pérez et
al. 2018), it seems that the costs of investing in indigenous lands are seen as financially
justified. Government policy positions and decisions are key to protecting isolated indigenous
groups. lllegal invasions and mining in indigenous lands increased greatly in 2019, 2020 and
2021, together with deforestation rates (HRW 2019, da Cruz et al. 2020, Angelo 2020, INPE
2020, MAAP 2020b). The increase stems from the general lack of supervision in the Amazon
together with the perverse discourse of Brazil’s President and his Environmental Minister
(Ferrante and Fearnside 2019, Jornal Nacional 2020). Hundreds of indigenous leaders and
scientists have raised their voices against President Bolsonaro’s policies, illegal mining and bill
PL191/2020, which they consider to be a project for genocide, ethnocide and ecocide (de
Almeida et al. 2019, Férum de Liderangas Yanomami e Ye’kwana 2019, Forsetto 2020,
Hutukara Associacdo Yanomami 2020, INPE 2020, Raoni 2020, SBPC and INPA 2020, UNIVAJA
2020, https://www.foragarimpoforacovid.org/). Isolated indigenous peoples are even more
vulnerable to human-rights violations (ISA 2020, Phillips 2020) and to the consequences of
pandemics such as the COVID-19 (Ferrante and Fearnside 2020a, COIAB 2020, Wallace 2020).

We initially hypothesized that official mining requests would coincide with illegal
mining spots, increasing the pressure on areas that are already suffering the impact of illegal
activities, but our results show that this is not a generalizable pattern (Table 2). For instance,
the Vale do Javari Indigenous Land, which protects 16 isolated groups, has been repeatedly
invaded by illegal miners (UNIVAJA 2020) even though there are no official mining requests
registered for this territory. This decoupling may be explained because illegal mining focuses
on a smaller set of minerals than industrial mining run by companies and, as a consequence,
their distributions do not necessarily overlap (Quijano-Vallejos et al. 2020). Nonetheless,
special attention should be paid to the territories where mining requests do add to current
illegal mining. The most striking example is the Yanomami land, which has historically suffered
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from illegal mining invasions. Mortality during a massive invasion of this land by wildcat
goldminers, best known for the 1993 Haximu massacre, left a clear mark on the demographic
structure of the surviving Yanomami (Nilsson and Fearnside 2017). In 2021 the Yanomami are
facing a new large-scale invasion by illegal gold miners (Montel 2021). They have asked for
help in their struggle against the invasion of miners and the associated risks of epidemics (ISA
2019b; Fora Garimpo, Fora Covid 2021), but are “utterly abandoned” by Brazilian government
authorities in facing this threat (Branford 2020). Isolated groups in the Yanomami Indigenous
Land may be at high risk of contact, as airstrips for illegal mining and miners are reported to be
only 5 km away from some of them (Ricardo and Gongora 2019, Palamim et al. 2020).

CONCLUSION

Here we show that, if bill PL191/2020 is passed, indigenous lands of the Brazilian Legal
Amazon could be legally invaded for mining and other activities, even to the point of
completely occupying many of these territories (Villén-Pérez et al. 2018). This would cause
incalculable damage not only to indigenous peoples but also to the ecosystem services
provided by these protected forests (Siqueira-Gay et al. 2020). For the first time, we have
quantified the threat that mining imposes to isolated peoples in the Brazilian Amazon in the
near future. Indigenous lands with isolated groups are threatened by more than 3600 mining
requests to date, and the National Mining Agency of Brazil is working to attract even more
investors (Angelo and Jordan 2020). Interest in Brazil’s indigenous lands is expected to peak if
mining activity is officially allowed, as occurred in the Amazonian portions of neighboring
countries (Quijano-Vallejos et al. 2020). Even though Brazil has robust policies aimed at
protecting isolated indigenous peoples, governance difficulties in the Amazon have been
aggravated in the current Brazilian political scenario, and there is no guarantee of a safe
coexistence between mining operations and isolated indigenous peoples. Moreover, we have
demonstrated that the paralysis of the activities of FUNAI put them at risk on the long-term,
because the now-paralyzed study of isolated groups serves to protect them. Our results
indicate that the government should invest in studying the locations and vulnerabilities of the
isolated indigenous groups reported in the Brazilian Legal Amazon before permitting any
increased development pressure that could result in undesired contact and consequent
extinction of unique peoples, societies and cultures.

ACKNOWLEDGMENTS

This work was supported by the University of Alcala [grant number CGB2018/BI0-032]. SV-P
was supported by Comunidad de Madrid with a TALENTO Fellowship [grant number 2017-
T2/AMB-6035]. PMF thanks Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
(CNPq) [grant number 311103/2015-4].

REFERENCES

Abessa, D., Fama, A., Buruaem, L. (2019) The systematic dismantling of Brazilian environmental
laws risks losses on all fronts. Nature Ecology & Evolution 3(4), 510-511. DOI:
https://doi.org/10.1038/s41559-019-0855-9

Albert, B. (1992) Indian lands, environmental policy and military geopolitics in the
development of the Brazilian Amazon: the case of the Yanomami. Development and
Change 23(1), 35-70. DOI: https://doi.org/10.1111/j.1467-7660.1992.tb00438.x

Alvarez-Berrios, N. L., Aide, T. M. (2015) Global demand for gold is another threat for tropical
forests. Environmental Research Letters 10(1), 014006. DOI:
https://doi.org/10.1088/1748-9326/10/1/014006




487
488
489

490
491

492
493

494
495

496
497

498
499
500
501

502
503
504

505
506

507
508

509
510

511
512
513

514
515

516
517
518
519

520
521

522
523
524

525
526
527

12

Amorim, F. F. (2016) Povos indigenas isolados no Brasil e a politica indigenista desenvolvida
para efetivacdo de seus direitos avang¢os, caminhos e ameacas. Revista Brasileira de
Linguistica Antropoldgica, 8(2), 19-39. DOI: https://doi.org/10.26512/rbla.v8i2.16298

Angelo, M. (2020) Barrage of mining requests targets Brazil's isolated indigenous people.
Mongabay, 26 February 2020. Available from: https://bityl.co/4WQh

Angelo, M., Jordan, L. (2020) Mining director in Brazil plans “regulatory guillotine”. Unearthed
(Greenpeace), 11 June 2020. Available from: https://bityl.co/4WQe

ANM (Agéncia Nacional de Mineragao) (2021) Geoinformagdo Mineral. URL:
https://geo.anm.gov.br/portal/home/

Artaxo, P. (2019) Working together for Amazonia. Science 363(6425), 323. DOI:
https://doi.org/10.1126/science.aaw6986

Asner, G. P., Llactayo, W., Tupayachi, R., Luna, E. R. (2013) Elevated rates of gold mining in the
Amazon revealed through high-resolution monitoring. Proceedings of the National
Academy of Sciences, 110(46), 18454-18459. DOI:
https://doi.org/10.1073/pnas.1318271110

Barbosa, L. G., Alves, M. A. S., Grelle, C. E. V. (2021) Actions against sustainability: Dismantling
of the environmental policies in Brazil. Land Use Policy, 104, 105384. DOI:
https://doi.org/10.1016/j.landusepol.2021.105384

Barros, C., Barcelos, I., Bressane, C. (2016) Em terra de indio, a mineragdo bate a porta.
Publica, 20 June 2016. Available from: https://bityl.co/4eNx

Biasetto, D. (2019) Funai proibe viagens de servidores a terras indigenas em processo de
demarcacgdo. O Globo, 29 November 2019. Available from: https://bityl.co/4WQk

Black, F. L. (1992) Why did they die? Science, 258: 1739-1741. DOI:
https://doi.org/10.1126/science.1465610

Bolanos, O. (2011) Redefining identities, redefining landscapes: indigenous identity and land
rights struggles in the Brazilian Amazon. Journal of Cultural Geography 28(1), 45-72.
DOI: https://doi.org/10.1080/08873631.2011.548480

Branford, S. (2020) The Amazon’s Yanomami utterly abandoned by Brazilian authorities:
Report. Mongabay, 19 November 2020. Available from: https://bityl.co/4AWwA

Chen, C. R., Lin J. W. (1998) Risk aversion, market segmentation and the firm size
effect: Some empirical evidence. In C. W. Lee (Ed.) Advances in Investment
Analysis and Portfolio Management, Volume 5. Jai Press, Stamford,
Connecticut, USA. pp. 235-264.

CIMI (Conselho Indigenista Missionario) (2018) Violéncia contra os Povos Indigenas no
Brasil — Dados de 2018. Report, September 2019. Available from: https://bityl.co/4f90

CIMI (Conselho Indigenista Missionario) (2020) Nota de repudio a portaria da Funai que
possibilita contato com povos indigenas isolados. 20 March 2020. Available from:
https://bityl.co/4WQt

COIAB (Coordenacgdo das OrganizagOes Indigenas da Amazdnia Brasileira) (2020) Nota Publica.
A COVID-19 adentra nas Terras Indigenas da Amazonia brasileira e o cerco se fecha
para os povos indigenas isolados. 9 June 2020. Available from: https://bityl.co/4WQv




528
529

530
531
532

533
534
535

536
537
538

539
540

541
542

543
544

545
546
547

548
549

550
551

552
553

554
555

556
557
558
559
560

561
562
563
564

565
566
567

568
569

13

Cordani, U. G., Juliani, C. (2019) Potencial mineral da Amazonia: problemas e desafios. Revista
de Estudios Brasilefios 6(11), 91-108. DOI: https://doi.org/10.14201/reb201961191108

Cribari-Neto F., da Silva W. B. (2011) A New Heteroskedasticity-Consistent Covariance Matrix
Estimator for the Linear Regression Model. Advances in Statistical Analysis 95(2), 129-
146. DOI: https://doi.org/10.1007/s10182-010-0141-2

da Cruz, D. C,, Benayas, J. M. R, Ferreira, G. C., Costa Ferrerira, G., Ribeiro Santos, S., Schwartz,
G. (2020) An overview of forest loss and restoration in the Brazilian Amazon. New
Forests 52, 1-16. DOI: https://doi.org/10.1007/s11056-020-09777-3

de Almeida, A.W.B., de Melo, E.A., Nepomuceno, |.T.R., Benvegnu, V.C. (2019) Mineragdo e
Garimpo em Terras tradicionalmente ocupadas: conflitos sociais e mobilizacdes
étnicas. UEA Edi¢Ges/ PNCSA, Manaus, Brazil. Available from: https://bityl.co/4gfK

de Carvalho, J.P.F. (1982) Waimiri-Atroari: A Histéria Que Ainda N3o Foi Contada. Brasilia, DF.
Available from: https://bit.ly/36N0dz0

Duffy, A. (2012) Mining infrastructure: From pit to port. Australian Mining, 25 June 2012.
Available from: https://bit.ly/3zpuUXR

ESRI (Environmental Systems Research Institute) (2012) ArcGIS 10.1. Environmental Systems
Research Institute, Redlands, California, USA.

Fearnside, P. M. (1989) Brazil's Balbina Dam: Environment versus the legacy of the pharaohs in
Amazonia. Environmental Management 13(4), 401-423. DOI:
https://doi.org/10.1007/BF01867675

Fearnside, P. M. (2018) O Genocidio dos Waimiri-Atroari: um possivel reconhecimento
histérico. Amazobnia Real, 12 March 2018. Available from: https://amz.run/411V

Fearnside, P. M. (2020a) Oil and gas project threatens Brazil’s last great block of Amazon forest
(commentary). Mongabay, 9 March 2020. Available from: https://bityl.co/4WTN

Fearnside, P. M. (2020b) Brazilian government office responds to Fearnside’s BR-319 oil and
gas commentary. Mongabay, 8 April 2020. Available from: https://bityl.co/4WRN

Fearnside, P. M. (2020c) Resposta a tréplica da EPE sobre petréleo e gas. Amazonia Real, 15
April 2020. Available from: https://amz.run/41le

Fernandez-Llamazares, A., Garteizgogeascoa, M., Basu, N., Brondizio, E. S., Cabeza, M.,
Martinez-Alier, J., McElwee, P., Reyes-Garcia, V. (2020) A state-of-the-art review of
indigenous peoples and environmental pollution. Integrated Environmental
Assessment and Management, 16(3), 324-341. DOI:
https://doi.org/10.1002/ieam.4239

Fellows, M., Paye, V., Alencar, A., Nicacio, M., Castro, I., Coelho, M. E., Silva, C. V. J., Bandeira,
M., Lourival, R., Basta, P. C. (2021) Under-reporting of COVID-19 cases among
Indigenous Peoples in Brazil: a new expression of old inequalities. Frontiers in
Psychiatry, 12, 352. DOI: https://doi.org/10.3389/fpsyt.2021.638359

Ferrante, L., Fearnside, P. M. (2019). Brazil’s new president and ‘ruralists’ threaten Amazonia’s
environment, traditional people and the global climate. Environmental Conservation,
46(4), 261-263. DOI: https://doi.org/10.1017/5S0376892919000213

Ferrante, L., Fearnside, P. M. (2020a) Protect Brazil’s Indigenous peoples from COVID-19.
Science 368, 251. DOI: https://doi.org/10.1126/science.abc0073




570
571
572

573
574
575
576

577
578
579

580
581

582
583
584

585
586
587

588
589

590

591
592

593
594

595
596

597
598
599

600
601
602

603
604
605

606
607
608

609
610
611

14

Ferrante, L., Fearnside, P.M. (2020b). Military forces and COVID-19 as smokescreens for
Amazon destruction and violation of indigenous rights. Die Erde 151(4), 258-263. DOI:
https://doi.org/10.12854/erde-2020-542

Ferreira, J., Aragdo, L. E. O. C,, Barlow, J., Barreto, P., Berenguer, E., Bustamante, M., Gardner,
T. A, Lees, A. C., Lima, A,, Louzada, J., Pardini, R., Parry, L., Peres, C. A., Pompeu, P.S.,
Tabarelli, M., Zuanon, J. (2014) Brazil’s environmental leadership at risk. Science 346,
706-707. DOI: https://doi.org/10.1126/science.1260194

Finer, M., Jenkins, C. N., Pimm, S. L., Keane, B., Ross, C. (2008) Qil and gas projects in the
western Amazon: threats to wilderness, biodiversity, and indigenous peoples. PloS
ONE 3(8), e2932. DOI: https://doi.org/10.1371/journal.pone.0002932

Fora Garimpo, Fora Covid (2021) Fora garimpo, fora covid. URL:
https://foragarimpoforacovid.org/

Forsetto, R. (2020) Chief Raoni, Nobel Peace Prize nominee, presides over historic meeting
with over 600 indigenous leaders in Brazil. Mongabay, 5 February 2020. Available
from: https://bityl.co/4WRQ

Férum de Liderangas Yanomami e Ye’kwana (2019) Posicionamento do Férum de Liderancas
Yanomami e Ye'kwana contra o garimpo. 22 November 2020. Available from:
https://bityl.co/4WRU

FUNAI (Fundagdo Nacional do indio) (2021) Fundagdo Nacional do indio. URL:
https://www.gov.br/funai/

Goldprice (2021) Goldprice. URL: https://goldprice.org/

Hemming, J. (1978) Red gold: the conquest of the Brazilian Indians. Harvard University Press,
Cambridge, Massachusetts, USA.

Hemming, J. (2003) Die if you must: Brazilian Indians in the twentieth century. Pan Macmillan,
London.

Hilson, G. (2002) An overview of land use conflicts in mining communities. Land Use Policy 19,
65—73. DOI: https://doi.org/10.1016/50264-8377(01)00043-6.

Holzman, J. (2020) Mining sector's reputation at growing risk from human rights issues, report
says. S&P Global Market Intelligence, 23 July 2020. Available from:
https://bityl.co/7nPM

HRW (Human Rights Watch) (2019) Rainforest mafias: how violence and impunity fuel
deforestation in Brazil’s Amazon. HRW, New York, USA. 163 pp. Available from:
https://bityl.co/4080

Hutukara Associagdo Yanomami (2020) Nota publica de Hutukara Associagdo Yanomami em
repudio a assinatura do PL191/2020. 11 February 2020. Available from:
https://bit.ly/3I1ZYFYE

ILO (International Labour Organization) (1989) C169 — Indigenous and Tribal Peoples
Convention, 1989 (No. 169). ILO, Geneva, Switzerland. Available from:
https://bit.ly/3xX06NB

INA (Indigenistas Associados) (2019) NOTA PUBLICA Centralizacdo e Discriminagdo na
Autorizacdo de Viagens Paralisam a Funai. 2 December 2019. Available from:
https://bityl.co/4AWRV




15

612 INPE (Instituto Nacional de Pesquisas Espaciais) (2020) A taxa consolidada de desmatamento

613 por corte raso para os nove estados da Amazdnia Legal (AC, AM, AP, MA, MT, PA, RO,
614 RR e TO) em 2019 é de 10.129 km?. 9 June 2020. Available from: https://bityl.co/4WTU
615 ISA (Instituto Socioambiental) (2019a) Localizacdo e extensdo das Tls. 21 February 2019.

616 Available from: https://bityl.co/4WRZ

617 ISA (Instituto Socioambiental) (2019b) Povo Yanomami solicita apoio do governo para

618 combater maior invasao desde demarcagdo. 29 May 2019. Available from:

619 https://bityl.co/4WRa

620  ISA (Instituto Socioambiental) (2020) Ameacas e violagdo de direitos humanos no Brasil: Povos
621 indigenas isolados. Report for the United Nations Human Rights Council. March 2020.
622 Available from: https://bityl.co/4WRb

623  Jornal Nacional (2020) Ministro do Meio Ambiente exonera o diretor de Protecdo Ambiental
624 do Ibama. O Globo, 14 April 2020. Available from: https://bityl.co/4WRf

625 Kahhat, R., Parodi, E., Larrea-Gallegos, G., Mesta, C., Vazquez-Rowe, I. (2019) Environmental
626 impacts of the life cycle of alluvial gold mining in the Peruvian Amazon rainforest.
627 Science of the Total Environment 662, 940-951. DOI:

628 https://doi.org/10.1016/j.scitotenv.2019.01.246

629 Kesler, D. C., Walker, R. S. (2015) Geographic distribution of isolated indigenous societies in
630 Amazonia and the efficacy of indigenous territories. PloS ONE 10(5), e0125113. DOI:
631 https://doi.org/10.1371/journal.pone.0125113

632 Kirby, K. R., Laurance, W. F., Albernaz, A. K., Schroth, G., Fearnside, P. M., Bergen, S.,

633 Venticinque, E. M. Da Costa, C. (2006) The future of deforestation in the Brazilian
634 Amazon. Futures 38(4), 432-453. DOI: https://doi.org/10.1016/j.futures.2005.07.011
635 Klein, E. L., Matos, D. R., Santos, P. A. dos, Correa, R. T., Eyben, H. S. Z. (2018) Atlas of mineral
636 deposits and selected mineral occurrences of continental Brazil. Brasilia: CPRM.

637 Available from: https://bityl.co/7s9k

638 Leal Filho, W., King, V. T., de Lima, I. B. (2020) Indigenous Amazonia, Regional Development
639 and Territorial Dynamics. Springer Nature Switzerland AG. DOI:

640 https://doi.org/10.1007/978-3-030-29153-2

641 MAAP (Monitoring of the Andean Amazon Project) (2020) Amazon Gold Mining, Part 2: Brazil.
642 MAAP #116. Available from: https://bityl.co/4eU5

643 Malm, 0. (1998) Gold mining as a source of mercury exposure in the Brazilian Amazon.

644 Environmental Research 77(2), 73-78. DOI: https://doi.org/10.1006/enrs.1998.3828
645 Montel, A.L. (2021) Alvo de garimpeiros, Yanomami estdo sem atendimento de salde e

646 impedidos de cagar e pescar. AmazOnia Real, 15 June 2021. Available from:

647 https://bit.ly/3kKoj63

648 Nascimento, F., Faleiros, G. (2020) Gold priced at $1,700 per ounce brings new gold rush to
649 Brazilian Amazon. Mongabay, 1 July 2020. Available from: https://bityl.co/4WR]j

650 Nilsson, M.S.T., Fearnside, P.M. (2017) Demografia e mobilidade Yanomami: Avaliando

651 mudancas socioambientais. Novos Cadernos NAEA 20(2), 27-50. DOI:

652 https://doi.org/10.5801/ncn.v20i2.4326.

653  OACNUDH (2012) Directrices de proteccidon para los pueblos indigenas en aislamiento y en
654 contacto inicial de la region Amazédnica, el Gran Chaco y la regién oriental de Paraguay.



655
656
657
658
659

660
661
662

663
664

665
666
667

668
669
670

671
672

673
674

675
676

677
678
679

680
681

682
683
684

685
686
687
688

689
690
691

692
693
694
695

16

Resultado de las consultas realizadas por OACNUDH en la regidn: Bolivia, Brasil,
Colombia, Ecuador, Paraguay, Perd y Venezuela. Geneva, February 2012. Available
from: https://bit.ly/2V1EP6SPalamim, C. V. C., Ortega, M. M., Marson, F. A. L. (2020)
COVID-19 in the Indigenous Population of Brazil. Journal of Racial and Ethnic Health
Disparities 7, 1053—-1058. DOI: https://doi.org/10.1007/s40615-020-00885-6

Passos, C. J., Mergler, D. (2008) Human mercury exposure and adverse health effects in the
Amazon: a review. Cadernos de Saude Publica, 24, s503-s520. DOI:
https://doi.org/10.1590/50102-311X2008001600004

Phillips, D. (2020) 'Genocide' fears for isolated tribes as ex-missionary named to head Brazil
agency. The Guardian, 5 February 2020. Available from: https://bityl.co/4WRk

Prazeres, E. (2020) Em projeto para uso de terras, governo ignorou veto da Funai a dreas de
povos indigenas isolados. O Globo, 17 January 2020. Available from:
https://bityl.co/4WRn

Quijano-Vallejos, P., Veit, P. G., Tipula, P., Reytar, K. (2020) Undermining rights. Indigenous
lands and mining in the Amazon. World Resources Institute, October 2020. DOI:
https://doi.org/10.46830/wrirpt.19.00085

R Core Team (2019) R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL: https://www.R-project.org/

Raoni, C. (2020) Manifest of Piaracu. APIB, 20 January 2020. Available from:
https://bityl.co/4eUF

Reuters (2020) Corrida do ouro na Amazonia: garimpo ilegal ameaca povo ianomami. UOL, 26
June 2020. Available from: https://bityl.co/4WRz

Ricardo, F. P., Gongora, M. F. (2019) Cercos e resisténcias. Povos indigenas isolados na
Amazonia Brasileira. Instituto Socioambiental, Sdo Paulo, Brazil. Available from:
https://bityl.co/4eU)

RMF (Responsible Mining Foundation) (2020) Responsible Mining Index - RMI Report 2020.
RMF, Nyon, Switzerland. Available from: https://bit.ly/3wVKoRI

Rorato, A. C., Camara, G., Escada, M. I. S., Picoli, M. C., Moreira, T., Verstegen, J. A. (2020)
Brazilian Amazon indigenous peoples threatened by mining bill. Environmental
Research Letters 15, 1040a3. DOI: https://doi.org/10.1088/1748-9326/abb428

Santos, V. S., Souza Araujo, A. A., de Oliveira, J. R., Quintans-Junior, L. J., Martins-Filho, P. R.
(2020) COVID-19 mortality among Indigenous peoples in Brazil: a nationwide register-
based study. Journal of Public Health 43(2), e250—-e251. DOI:
https://doi.org/10.1093/pubmed/fdaal76

SBPC (Sociedade Brasileira para o Progresso da Ciéncia) and INPA (Instituto Nacional de
Pesquisas da Amazonia) (2020) Nota contra o Projeto de Lei 191/2020 e em defesa da
Amazobnia. 14 February 2020. Available from: https://bityl.co/4WS7

Siqueira-Gay, J., Soares-Filho, B., Sanchez, L. E., Oviedo, A., Sonter, L. J. (2020) Proposed
legislation to mine Brazil's indigenous lands will threaten Amazon forests and their
valuable ecosystem services. One Earth 3(3), 356-362. DOI:
https://doi.org/10.1016/j.oneear.2020.08.008




696
697
698

699
700
701

702
703

704
705
706

707
708
709

710
711
712
713

714
715
716
717

718
719
720

721
722
723

724
725
726

727
728

729
730
731

732
733
734

735
736

737
738

17

Sonter, L. J., Herrera, D., Barrett, D. J., Galford, G. L., Moran, C. J., Soares-Filho, B. S. (2017)
Mining drives extensive deforestation in the Brazilian Amazon. Nature
Communications, 8(1), 1013. DOI: https://doi.org/10.1038/s41467-017-00557-w

Sonter, L. J., Moran, C. J., Barrett, D. J., Soares-Filho, B. S. (2014) Processes of land use change
in mining regions. Journal of Cleaner Production 84, 494-501. DOI:
https://doi.org/10.1016/j.jclepro.2014.03.084

Survival (2019) Milhares de garimpeiros invadem o territdrio Yanomami. 1 July 2019. Available
from: https://bityl.co/4WTY

Teodoro, P. (2020) Funai se cala sobre decreto de Bolsonaro que prevé mineragdo em 177
terras indigenas por empresas estrangeiras. Forum. Available from:
https://bityl.co/4WSC

UNIVAIJA (Unido dos Povos Indigenas do Vale do Javari) (2020) Garimpeiros voltam a invadir a
Terra Indigena Vale do Javari durante pandemia da COVID-19. 7 May 2020. Available
from: https://bit.ly/3kNtOgT

Valle, D., Tucker Lima, J.M. (2014) Large-scale drivers of malaria and priority areas for
prevention and control in the Brazilian Amazon region using a novel multi-pathogen
geospatial model. Malar Journal 13, 443. DOI: https://doi.org/10.1186/1475-2875-13-
443

Vaz, A. (2013) Povos Indigenas Isolados e de Recente Contato no Brasil: politicas, direitos e
problematicas. Documento elaborado para o Comité Indigena Internacional para a
Protecdo dos Povos em Isolamento e Contato Inicial da Amazénia, Gran Chaco e Regido
Oriental do Paraguai (Cipiaci), 19-20. Available from: https://bityl.co/4WSI

Velden, F. F. V. (2010) Os Tupi em Ronddnia: diversidade, estado do conhecimento e propostas
de investigacdo. Revista Brasileira de Linguistica Antropoldgica 2(1), 115-143. DOI:
https://doi.org/10.26512/rbla.v2i1.16217

Villén-Pérez, S., Moutinho, P., Nébrega, C. C., De Marco, P. (2020) Brazilian Amazon gold:
indigenous land rights under risk. Elementa Science of the Anthropocene 8, 31. DOI:
https://doi.org/10.1525/elementa.427

Villén-Pérez, S., Mendes, P., Nobrega, C., Cortes, L. G., De Marco, P. (2018) Mining code
changes undermine biodiversity conservation in Brazil. Environmental Conservation
45(1), 96-99. DOI: https://doi.org/10.1017/50376892917000376

Walker, R. S., Hamilton, M. J. (2014) Amazonian societies on the brink of extinction. American
Journal of Human Biology, 26(4), 570-572. DOI: https://doi.org/10.1002/ajhb.22552

Walker, R. S., Sattenspiel, L., Hill, K. R. (2015) Mortality from contact-related epidemics among
indigenous populations in Greater Amazonia. Scientific Reports, 5, 14032. DOI:
https://doi.org/10.1038/srep14032

Walker, R. S., Kesler, D. C., Hill, K. R. (2016) Are Isolated Indigenous Populations Headed
toward Extinction? PLoS ONE 11(3): e0150987. DOI:
https://doi.org/10.1371/journal.pone.0150987

Wallace, S. (2020) Coronavirus gets dangerously close to isolated ‘Arrow People’ in Amazon.
National Geographic, 18 August 2020. Available from: https://bityl.co/4AWSM

World Gold Council (2020) Gold mine production. 30 June 2020. Available from:
https://bityl.co/4WTa




739
740

741
742
743

744

18

Yeung, P. (2020) A corrida do ouro que ameaca a Amazonia. DW, 17 April 2020. Available from:
https://bityl.co/4WSO

Zhouri, A. (2010) “Adverse forces” in the Brazilian Amazon: developmentalism versus
environmentalism and indigenous rights. The Journal of Environment & Development
19(3), 252-273. DOI: https://doi.org/10.1177/1070496510378097




19

745  Table 1. Results of the GLM model for the number of mining requests across all indigenous
746  lands in the Brazilian Legal Amazon. * = significant effect.

d.f. | Estimate | Std. Error | zvalue | Pr(>[z])

Intercept 383 | 3.014 0.316 6.189 <2-1076 *
Isolated indigenous peoples 383 | -1.591 -6.102 5480 | <2-10% *
(Presence | Absence)
Size of Indigenous Land (ha) 383 | -8-10 | -0.936 1.587 0.349
747
748
749

750  Table 2. Results of the GLM model for the number of mining requests across indigenous lands
751 in the Brazilian Legal Amazon with isolated indigenous groups. * = significant effect.

d.f. | Estimate | Std. Error | zvalue | Pr(>]z])

Intercept 49 | 1.460 1.030 1.417 0.156
Number of isolated indigenous 49 | -0.155 1.008 -0.153 | 0.878
groups

Knowledge of isolated groups 49 | -2.761 0.661 -4.179 | <2-10% *
(Under study | Confirmed)

Knowledge of isolated groups 49 | -0.158 0.484 -0.327 | 0.744
(Under information | Under study)

lllegal mining 49 | -0.506 0.436 -1.159 | 0.246
(Presence | Absence)

Size of Indigenous Land (ha) 49 | 8-107 4-107 2.063 | 0.039

752
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Figure 1. Number of mining requests in indigenous lands in the Brazilian Legal Amazon that
contain isolated indigenous groups. Indigenous lands are grouped by the FUNAI Regional
Coordination in charge (see complete names in Suppl. Mat. Figure S-1). Isolated groups are
classified into three categories: “confirmed” (C), “under study” (S) and “under information” (1).
Asterisks indicate whether illegal mining activity has been previously reported in the isolated
group’s territory. Mining requests include both research and operating-license requests.
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Figure 2. Relationship between the number of mining requests in indigenous lands and the
number of isolated indigenous groups reported in these territories. Each point represents an
indigenous land, and the size of the point is proportional to the area of the territory. Red
points indicate indigenous lands where illegal mining activity has been reported. The red area
highlights the region with over 50 mining requests; the blue area highlights the region with 3
or more isolated groups; the purple area shows the region that met both conditions.
Indigenous lands falling within the limits of any of these rectangles are labeled.
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Figure 3. Geographical distribution of indigenous lands in the Brazilian Legal Amazon, the
number of isolated indigenous groups (blue, top) and the number of mining requests (red,
bottom). Indigenous lands with no isolated groups are in white in both maps. The Legal
Amazon region is in gray. Indigenous lands with >3 isolated groups or >50 mining projects are
labeled.
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Figure 4. Partial effects of significant factors affecting the number of mining requests in all 386
indigenous lands in the Brazilian Legal Amazon (A) and in 55 indigenous lands in the Brazilian
Legal Amazon with reported isolated indigenous groups (B). A) Adjusted values for the
presence or absence of isolated groups in the indigenous land. B) Adjusted values for the three
levels of knowledge of indigenous isolated groups. Squares and intervals represent adjusted
means and standard errors, respectively. The level of knowledge of the isolated group
indicates the highest level of knowledge of the isolated groups in the indigenous land,
considering that Confirmed > Under Study > Under Information.
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SUPPLEMENTARY MATERIAL

SM Fig. S-1. Geographical distribution of indigenous lands with isolated indigenous

groups and with no isolated groups.

SM Fig. S-2. Geographical distribution of isolated indigenous groups under information, under

study and confirmed within indigenous lands in the Brazilian Legal Amazon.

SM Fig. S-3. Percentage of the area of indigenous lands in the Brazilian Legal Amazon

with reported isolated indigenous groups that is affected by mining requests.

SM Fig. S-4. Number of research and operating-license requests in eleven indigenous

lands that have more than 50 mining requests.

SM Fig. S-5. Number and area of mining research and operating-license requests in

indigenous lands that have reported isolated indigenous groups.

SM Fig. S-6. Correlation between the number of mining requests and their area of

impact in indigenous lands that contain isolated groups.
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SM Fig. S-1. Geographical distribution of indigenous lands with isolated indigenous groups
(filled) and with no isolated groups (open). All indigenous lands are colored in accord with the
FUNAI Regional Coordination in charge of them, as in Figure 1 in the main text. The acronyms
of Regional Coordinations with any record of isolated indigenous groups are indicated. The
gray area represents the Legal Amazon. Brazilian state boundaries are indicated with light gray
lines and international countries are represented with darker gray lines. ALPUR - Alto Purus;
ANP - Amapad e Norte do Pard; ATO - Araguaia Tocantins; BT - Baixo Tocantins; CLPA - Centro-
Leste do Para; JPR - Ji-Parand; JUR - Jurud; KSPA - Kayapo Sul do Par3; MA - Maranhdo; MAD -
Madeira; MAO - Manaus; MPUR - Médio Purus; NMT - Norte do Mato Grosso; NOMT -
Noroeste do Mato Grosso; RNG - Rio Negro; RR - Roraima; TPJ - Tapajds; VI - Vale do Javari;

XIN - Xingu.
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SM Fig. S-2. Geographical distribution of indigenous lands in the Brazilian Legal Amazon, and
the number of isolated indigenous groups separated by level of knowledge. Indigenous lands
with no isolated groups are in white in all maps. The Legal Amazon is in grey. Indigenous lands

with a total of >3 isolated groups or >50 mining projects are labeled.
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SM Fig. S-3. Percentage of the area of indigenous lands in the Brazilian Legal Amazon with

reported isolated indigenous groups that is affected by mining requests.
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SM Fig. S-5. Number (A) and area (B) of mining research and operating-license requests in
indigenous lands that have reported isolated indigenous groups. Indigenous lands are ordered
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the stage of the demarcation process of the indigenous land: under study (S), delimited (L),

declared (D), homologated (H) and regularized (R).
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