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Abstract

Sustainable Use Conservation Units (UCs) are territorial spaces aimed at reconciling the exploitation and conserva-
tion of natural resources in Brazil. The objective of this study was to analyze the influence of mining on the protection
of UCs with and without legalized mining activity. The study area includes three UCs located in the Carajas region,
in the state of Para: two with legalized mining activity (Carajas National Forest — FLONACA and Tapirapé-Aquiri
National Forest — FLONATA), and one where mining occurs illegally (ltacaiinas National Forest — FLONITA). To
assess the protection of the UCs, the following variables were considered: land cover, infraction notices, and
fire hotspots. Each variable was quantified, analyzed, and georeferenced. Geographic Information System (GIS)
programs, business intelligence tools, and Microsoft Office software were used. The data sources used were
mostly of governmental origin. The results showed that FLONITA has the highest percentage of anthropized
(human-modified) area and the highest annual rate of natural area loss. Additionally, it was also the second highest
in terms of the number of infraction notices and the first in infraction and fire hotspot density per hectare. Conversely,
FLONATA had the lowest values for the analyzed variables, followed by FLONACA. It was concluded that FLONITA
has the lowest levels of protection compared to FLONATA and FLONACA, which have legalized mining activity.
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1. Introduction

The Amazon Forest provides crucial environmental
services with local, and global impacts (Marengo et al,
2018). The forest is also home of indigenous populations,
surrounding big urban centers and small villages, and
sustains agriculture and mining activities. This combi-
nation of activities is important for communities, locally
and beyond. The maintenance of the forest is crucial for
the maintenance of the environmental services, which
is impressive for global rain patterns, climate regulation,
and carbon stocks (Acharya et al., 2019; Baciu et al.,
2021). To guarantee that the natural resources will be
preserved, the Conservation Unit (CU) legislation was
created.

CUs were established by the government with the
goal of protecting natural resources (Brasil, 2000). They

have great relevance on the maintenance of ecosystemic
services, including mitigating climate change (Basso et
al., 2023; Gatti et al.,, 2021). CUs are managed by
the Nacional Conservation Units system (SNUC) Act
9.985/2000 (Brasil, 2000). There are two kinds of CU.
The first is for integral protection, meaning that no human
activity involving harvesting natural resources is allowed.
The second kind of conservation unit is used for sustain-
able management, so sustainable activities are allowed
to a certain point, as long as it is foreseen in its manage-
ment plan. For example, management plans at CU may
allow timber harvesting over time under defined planning
and monitoring, (Ramos et al., 2015; Moraes et al., 2024;
Sist et al., 2024), and mining activity (Rodrigues et al.,
2020; Lloyd et al., 2023).

Allowing mining activities at CUs may be controver-
sial due to the negative impact it causes, for example air,
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noise, and water pollution, land use change by removing
natural soil cover, affecting flora and fauna (Sonter et
al., 2017). Thus, it is mandatory that all mining activ-
ity be presented at a report assessing all impacts and
proposing actions to compensate it (Souza Filho et al.,
2020). However, studies assessing the impact of min-
ing activities are lacking to fully inform policymakers and
guide management decisions. The aim of this study was
to assess the conservation status of three CUs, one of
the full protection type (Floresta Nacional de Itacaitinas
— FLONITA), and two allowing sustainable management
(Floresta Nacional de Carajas — FLONACA and Floresta
Nacional de Tapirapé-Aquiri — FLONATA). The attributes
used to assess the CUs were land use change, infrac-
tions committed against the CU and fire outbreaks.

2. Material and Methods

2.1 Study area

This study took place in three interconnected CUs,
area known as Carajas Mosaic, FLONATA, FLONACA
and FLONITA, at Eastern Brazilian Amazon, state of Para.
Besides these three CUs, the Carajas Mosaic includes
other CUs and an Indigenous Reserves (Figure 1).
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Figure 1. Carajas Mosaic location evidencing FLONATA,
FLONACA and FLONITA CUs.

According to Képpen climate classification, the area
is in the Af zone (tropical climate without dry season) (Al-
vares et al., 2014). Average temperature is 21 °C, rainy
season from December to March (ICMBio, 2016). Part
of the land is occupied by Ombrophiles Dense Forest,
with large trees and closed canopy; part of the land is
occupied with a savannah formation established in iron-
rich soil, and numerous endemic species. The CUs area
is deemed on its creation FLONITA and FLONATA hap-
pened to have some overlapping area. This study con-
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sidered this area (overlay zone) belonging to FLONATA
CU. The overlapping area was incorporated in FLONATA
area due to management similarities.

The Carajas Mosaic is known for its mineral-rich sub-
soil (Virgens, 2023), and has been targeted for mining
activities by legal and illegal parties since its potential
was uncovered in the 1960’s. Although the three CU are
classified by the National System of Conservation Units
in the category of National Forest, the nature of activities
allowed in each one depends on what is defined by its
creation Act. Mining activity is allowed at FLONATA and
FLONACA, not at FLONITA.

2.2 Data source and processing

Variables assessed were land use change, fire out-
breaks and infractions reported at each CU. To describe
land use change, rasters were retrieved from MapBiomas,
stratified into two classes: natural or non-natural ar-
eas. Land use was assessed at CU creation then at
the present, 2022. Data were analyzed with Qgis 3.26
(Qgis, 2023) and maps were created using ArcGIS Pro
3.0 ESRI (2022). Charts were prepared using Microsoft
Power Bl (2019). Infractions reported against each CU
were filed and provided by ICMBio from 2009 to 2024,
stratified into five classes of offenses (Table 1). Fire out-
breaks in terms of number of fires and area burned were
retrieved from INPE from 2002 to 2024.

The limitation of the methodology includes data being
from remote sensing, not from field sampling. Also, rely-
ing on secondary data from an independent organization
may be a problem in replicating the study in the future if
the data is unavailable. Also, the area assessed is too
big, and in a next study, each CU could be stratified to
assess heterogeneity for more precise results.

3. Results

3.1 Land use

The total area and proportion of non-natural areas
was higher at FLONITA (30.2%), than at FLONATA (1.5%)
and FLONACA (3.4%) in 2022 (Table 2). It means that
the annual conversion rate for FLONITA, FLONATA and
FLONACA were 587 ha or 1,08%; 88 ha or 0,05%; and
440 ha or 0,11%, respectively. Figure 2 shows the loca-
tion of land use changes. It is noticeable that land use
conversions are more common towards CUs borders, in
terms of frequency, and size of the fragments.

3.2 Infractions against the CU

Infractions committed by third parties against each CU
were assessed from 2009 to 2024. Table 3 shows the to-
tal number of infractions at each class of offense and CU.
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Table 1. Infraction class and description

Infraction

Description

1-Administration
2-Particular to CU
3-Against fauna
4-Against flora
5-Pollution

To omit or hide information, to operate in disagreement with the law
To introduce exotic species, to bypass borders, to do research without permit
To kill, chase, and hunt animals in the area
To destroy the forest, to cut individual trees without permit, to start a fire
To release a pollutant in the environment above the allowed limits, presenting any impact on fauna, flora and human

Source: Brasil (1998b).

Table 2. Non-natural and natural land uses (ha and %)
for each CU in 2022

cu Non-natural Natural Total area

ha % ha % ha
FLONITA 16,485.8 30.2 38,047.3 69.7 54,533.1
FLONATA  3,068.8 1.5 1934325 98.4 196,501.2
FLONACA 13,3134 3.4 381,5479 96.6 394,861.3
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Figure 2. Non-natural and natural land uses int 2022
year for FLONITA, FLONATA and FLONACA.

Despite FLONACA and FLONITA showing similar num-
bers, these CU have different total areas, so the number
of hectares per infraction accounted (Table 3). FLONACA
was the CU with the highest absolute number of infrac-
tions, followed by FLONITA and FLONATA. FLONITA had
the highest density of infractions per hectare, followed by
FLONACA and FLONATA. One infraction was reported
to every 1,069 ha in FLONITA, 6,369 ha in FLONACA
and 24,563 ha in FLONATA. Regarding the location of
the infraction, it tended to be committed more towards
the CU border, especially at FLONITA (Figure 3), which
apparently is where the CU is more easily accessed.

Table 3. Total number of infractions against FLONITA,
FLONATA and FLONACA from 2009 and 2024 according
to offense class and infraction committed by the number
of hectares

Ofense class

CuU Total Halinfraction
1 2 3 4 5
FLONITA 7 8 1 29 6 51 1,069
FLONATA 0 5 1 0 2 8 24,563
FLONACA 1 43 11 2 5 62 6,369
TOTAL 8 56 13 31 13 121 5,338
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Figure 3. Location where infractions were committed at
FLONITA, FLONATA and FLONACA between 2009 and
2024 at each infraction class

3.3 Fire outbreaks

FLONITA was the CU with the highest frequency of
fire outbreaks, followed by FLONACA and FLONATA (Fig-
ure 4). In terms of area per fire outbreaks, FLONITA
had in average one fire outbreak for every 487 ha, which
means a much denser fire occurrences than at FLONATA
and FLONACA, where one fire outbreak was identified at
each 4,793 ha and 5,484 ha, respectively (Table 4).
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Figure 4. Fire outbreak location at FLONITA, FLONATA
and FLONACA from 2002 to 2024.

Table 4. Total fire outbreaks and density (ha/fire out-
breaks) for FLONITA, FLONATA and FLONACA from
2002 to 2024.

uc Fire outbreaks Ha/Fire outbreaks
FLONITA 112 487
FLONATA 41 4,793
FLONACA 72 5,484

4. Discussion

FLONITA was the CU with most non-natural land and
the highest natural-area loss rate. Supposing the defor-
estation rate is kept constant, we hypothesize the natural
area at FLONITA will be extinguished in 63 years, in the
year 2,087. Applying the same reasoning to FLONATA
and FLONACA, the situation is less alarming, the natural
areas would be over in 2,198 and 865 years, respectively,
in the years 4,222 and 2,889, which allows more time to
accommodate policies and constrains to stop deforesta-
tion. Same trends were observed regarding infractions
against the CU and fire outbreaks. Andrade (2020) as-
sessed the causes of land use at the Carajas Mosaic
over 35 years and found that the main conversion cause
was pasture. If the demand for beef indeed rise, as pre-
dicted, with the increasing global population, it would be
harder to stop, even drop land use changes at the CUs,
in general.

FLONITA’s vulnerability can be explained first by the
fact that especially at this CU, irregular miners and farm-
ers are frequently encountered in the area conducting
illegal activities (EcoAmazédnia, 2018; Isa, 2024). llle-
gal mining produced negative impacts in an uncontrolled
manner to the environment, threatening the survival of tra-
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ditional communities at its surroundings, poisoning rivers,
flora and fauna (Basta et al., 2023; Ferreira et al., 2022).
Second, FLONITA is geographically isolated: the closest
urban centers, Sao Félix do Xingu and Tucuma, are 100
km plus away from FLONITA, and the difficult access due
to bad road condition makes more difficult to implement
and enforce policies aiming to protect and preserve the
area, even though educational activities have been done
to raise, awareness in the area (Vieira et al., 2018).

Diverging from illegal, legal mining activities performed
under concessions may avoid deforestation at some level.
At FLONACA and FLONATA, the presence of mining com-
panies and their service providers is constant. They are
conducting legal activities there; therefore, they need
to comply with environmental legislation, and their pres-
ence is likely discouraging illegal actions in the area. The
damage from either legal or illegal activity is hard to be
quantified. However, legal business look forward to how
to do it, or how to implement less damaging methods.
For example, Souza Filho et al. (2020) proposed an in-
dex integrating 20 indicators related to land use change,
direct impact caused by operations, residues generation,
energy, water and soil uses, and environmental compen-
sations. Such indicators along with other studies are
important to help on the understanding of the impact of
human activity on fauna and flora. For example, Fraga
et al (2023) found out that caves have been used by
the fauna as a wildlife refugee in degraded lands in the
Brazilian Amazon.

Legal mining companies acting in the region also
bring positive socioeconomic impacts, such ascreating
jobs, circulate local economy, and pay a particular tax re-
lated to mining activity since 1988 (Brasil, 1988). This tax
is called Financial Compensation for Mining Exploitation
(CFEM — In Portuguese - Compensacao Financeira pela
Exploragéo Mineral). The value charged depends on the
mineral being exploited and the amount produced, 75%
paid to the city, 15% for the state, and 10% for federal
instance (MME, 2021). It means that most of the money
will be locally spent on the needs of the local population.
So far, from 2003 to 2024 R$19,8 billion were generated
from taxes resulted from mining activity from FLONATA
and FLONACA (Agénciagov, 2024). The effect of legal
mining business has apparently affected Human Devel-
opment Index (HDI). The average HDI in Para state is
0.646, and the average HDI in cities under legal mining
activities is higher, 0.685. Other examples where mining
activity has promoted social development are Floresta
Nacional de Saraca-Taquera (Brasil, 1989) and Floresta
Nacional do Jamari (Brasil, 1984).

On the other hand, mining activities, even when com-
plying with legislation, may bring a drawbacks to forest
integrity because it was shown to increase probability of
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deforestation in the nearby due to infrastructure establish-
ment, urban expansion to support a growing workforce,
and development of mineral commodity supply chains
(Sonter et al. 2017), and to threaten indigenous territo-
ries (Villén-Pérez et al. 2022). Mining, either legal or
illegal, will suppress a certain forest area, and create
activity may induce fragmentation. Indeed, a standing
forest provides many crucial ecosystem services, for ex-
ample global climate regulation, precipitation patterns,
biodiversity conservation, soil protection, carbon storage
(Marengo et al, 2018) that are of crucial importance, lo-
cally and globally. Even though the ecosystem services
are crucial, it is difficult to attribute an economical value to
it. Brouwer et al. (2022) calculated an approximate value
of the Amazon forest considering the environmental ser-
vices it provides and found a value of 410 USD/ha/year.
Considering a period of 20 years, and the dollar value
of R$4.00, the value of services provided by FLONITA,
FLONACA and FLONATA over time goes above R$20
billion, which could be paid by third parties to a Fund,
for example the Amazon Fund, and used to preserve the
forest and develop local populations.

We believe that our results are useful for policymakers
and managers to better plan mining activities. Activities
done under legal requirements were proven to reduce for-
est degradation in the site and probably at surroundings.
We showed that illegal businesses still produces degra-
dation signs, which need to be analyzed, so procedures
can be improved. lllegal mining should be combated.

5. Conclusion

FLONITA, the conservation unit where illegal mining
have been conducted over years, was the conservation
unit with the highest land use change rate, the highest
proportion of non-natural areas, the highest rate of infrac-
tions reported, and fire outbreak incidences compared
to FLONATA and FLONACA, in which only legal mining
has been practiced. Legal and illegal businesses have
been shown to impact the preservation status of the for-
est areas. Complying with the environmental law indeed
reduces environmental degradation. However, environ-
mental policies can still be improved, given the need to
preserve forests ecosystems and the current deforesta-
tion pace of the Amazon Forest.
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