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ABSTRACT
Tropical forests, despite occupying only 7% of the Earth's surface,
harbor more species of animals and plants than all the other biomes

on the planet combined. The Brazilian Amazon has one-third of all

these forests (4 million km?), covering a greater extension than that
of all the countries in the European Union, with trees that can reach

80 meters in height, the region also has one of the largest sources of

fresh water in the world (6 million km?2). For all this Amazonian
potential, Brazil is considered a megadiverse country, crucial for
global climate regulation. Due to its economic relevance and
government incentives for development, the Brazilian Amazon was
invaded and irrationally exploited for many years, resulting in 20%
(788,353 km?) forest loss, which caused a significant decrease in its
forest area and irreversible biodiversity loss. In an attempt to stem
the loss of biodiversity, several actions to combat deforestation have
been created over the years and projects, and techniques and
restoration have been implemented in the region. This article aims
to conduct a review of the potential biodiversity exists, the process of
biodiversity loss as a result of deforestation, and to evaluate the
possibilities of restoration in the Brazilian Amazon.

Keywords: Brazilian Amazon; Biodiversity; natural resources; forest

degradation; forest restoration.

RESUMO

As florestas tropicais, apesar de ocuparem apenas 7% da superficie
terrestre, abrigam mais espécies de animais e plantas do que todos
0s outros biomas do planeta combinados. A Amazoénia brasileira
possui um terco de todas essas florestas (4 milhdes de km?),
cobrindo uma extensao maior do que a de todos os paises da Uniao
Europeia, com arvores que podem atingir 80 metros de altura. A

regiao também possui uma das maiores fontes de agua doce do



mundo (6 milhdes de km?). Diante de todo esse potencial
amazonico, o Brasil é considerado um pais megadiverso, crucial para
a regulacao climatica global. Devido a sua relevancia econémica e
aos incentivos governamentais para o desenvolvimento, a Amazoénia
brasileira foi invadida e explorada irracionalmente por muitos anos,
resultando em 20% (788.353 km?) de perda florestal, o que causou
uma diminuicao significativa de sua area florestal e perda irreversivel
de biodiversidade. Na tentativa de conter a perda de biodiversidade,
varias acdes para combater o desmatamento foram criadas ao longo
dos anos, e projetos, técnicas e estratégias de restauracao foram
implementados na regiao. Este artigo objetiva realizar uma revisao
do potencial de biodiversidade existente, do processo de perda de
biodiversidade como resultado do desmatamento, e avaliar as
possibilidades de restauragcao na Amazonia brasileira.

Palavras-chave: Amazonia brasileira; Biodiversidade; recursos

naturais, degradacao florestal; restauracao florestal.

High biodiversity levels in the Brazilian Amazon are threatened

The Brazilian Amazon extends over a territory of approximately
4,196,943 million km2 (IBGE, 2004), which is greater than the
territorial extent of all 27 European Union countries combined
(Figure 1). The region’s hydrographic basin is the largest in the world,
corresponding to one fifth of all fresh water on the planet. It covers
about 6 million k2 and has approximately 1,100 tributaries, among
which is the Amazon River, flowing into the Atlantic Ocean and
launching approximately 175 million liters of water per second (MMA,
2018). It holds an immensity of forests, and its exuberant tree tops
can reach more than 80 m in height (Gorgens et al, 2019). The
Brazilian Amazon is the largest area in the world with dominance of

primary vegetation (Pailler, 2016).



Figure 1. Map of the Brazilian Amazon Region.
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Source: databases of IBGE - Brazilian Institute of
Geography and Statistics, available from
https:/Mmwww.ibge.gov.br/geociencias/informacoes-

ambientais/15842-biomas.html, and of CNIG -

National Geographic Information Center, available
from

http://centrodedescargas.cnig.es/CentroDescarga

s/catalogo.do?Serie=CAANE.

The number of species on the planet is still unknown; however, from
5 to 10 million eukaryote species have been estimated (May, 2010).
The tropical forests contain most of such biodiversity and, according
to Barlow et al,, (2018), approximately 91% of birds on the planet
spend at least part of their life in the tropics. Despite advances in
research, one of the biggest gaps in biodiversity concerns the real
magnitude of species diversity. There is a huge difference between
what has already been described by science and what may actually
exist. Such discrepancy was called the “Linnean Shortfall” by
Lomolino et al., (2010), who also coined the term used to refer to little

knowledge about species distribution as the “Wallacean Shortfall”.

Brazil is considered one of the “megadiversity” countries. It is
estimated, from all that is known about the different species

identified in the world, that between 10 and 15% of them are found in
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the country. There are more than 100,000 animal species
(vertebrates and invertebrates) and 46,000 plant and fungi species
(WWE, 2010; Valsecchi et al.,, 2017). Such megadiversity is due to the
Amazon region, which shelters more than half of the known species
from tropical forests (May, 2010; Miranda et al, 2012). Thus, it is
considered the most biodiverse region on the planet (Ceballos &
Ehrlich, 2006; Carvalho & Esposito, 2010; Barbosa et al, 2016). Ca.
40,000 out of the 46,000 plant and fungi species were registered in
the Amazon region (Valsecchi et al., 2017; Figure 2). Recent studies
that report the outstanding levels of the Amazonian tree diversity
are those of Wittmann et al.,, 2006; Sakschewski et al., 2016; and Rayol
et al.,, 2019.

Figure 2. Species recorded for the whole Brazilian territory and the

Brazilian Amazon according to major taxonomic groups.
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Source: Data from MMA - Ministry of the
Environment, available from
https://www.mma.gov.br/biodiversidade/conservac
ao-de-especies/fauna-ameacada.html, 5th
National Report for the Convention on Biological
Biodiversity, available from
http://www.terrabrasilis.org.br/ecotecadigital/imag
es/abook/pdf/2017/Marco/Mar.17.39.pdf, and World
Wildlife Fund 2010 Report, available from
https:/mwwwwwf.org.br/informacoes/bliblioteca/?
26345/Amazonia-Viva-uma-decada-de-
descobertas-1999-2009; and 2017 Report, available
from https://www.wwf.org.br/?60464/Novas-
espcies-de--vertebrados-e-plantas--na-Amaznia-
2014-2015. *Estimated number of invertebrate
species according to Lewinsohn (2005). *Number
of species among which the following are plants:
40,629 species - Brazil; 30,216 species - Brazilian

Amazon.

There is still much to discover about the Amazonian biodiversity.
According to a survey conducted by the WWF, approximately 637
species of plants, 257 of fish, 216 of amphibians, 55 of reptiles, 39 of
mammals and 16 of birds were discovered in the Amazon biome
from 1999 to 2009 (WWF, 2010). Some 381 more new species in the
region were described only from 2014 to 2015, of which 216 are
plants, 93 fish, 32 amphibians, 19 reptiles, 20 mammals and one bird
(Valsecchi et al., 2017). This biodiversity is the basis for the production
of food, beverages, medicines, cosmetics, energy and much of the
industrial raw material consumed by humans, which contribute to

the high economically strategic value of the region (Ten Kate & Laird,
2019).
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Forest loss in Brazilian Amazon

All the greatness of the Amazon does not exempt it from its fragility.
Forests live through their own resources, and their balance is
extremely susceptible to any interference, whether by anthropic or
natural actions, but the changes caused by humans can be
irreversible (Singh, 2014). There are a number of environmental
problems in the region (Hoeinghaus et al., 2016), caused mainly by
uncontrolled use of natural resources over the years. The opening of
roads, extraction of wood and ores, urban and industrial growth, fires
and, chiefly, deforestation for the expansion of agricultural and
livestock frontiers, have been mainly responsible for the current
devastation of the Brazilian Amazon (Rodrigues et al., 2015; Barlow,

2016).

Before European colonization, the Amazon was occupied by
hundreds of indigenous tribes, who extracted resources from the
forest only for their subsistence (Dowie, 2011). From the 17th century
on, the landscape in the region underwent profound changes that
were promoted by the extraction of wood and non-wood products
(Gradwohl! & Greenberg, 2013). In the late 19th century and early 20th
century, there was intense exploration of latex from rubber trees
(Hevea brasiliensis), which brought approximately 500 thousand
migrants to the region (Barlow, 1997). The period of greatest
degradation in the Brazilian Amazon occurred from the second half
of the 20th century on, due to deforestation encouraged by the
Brazilian government to colonize and develop the region. It was a
period marked by large projects that were installed in the Amazon

(da Cruz et al,, 2020a).



The major projects in the Brazilian Amazon began with the creation
of the Amazon Development Plan (PDA) in the 1950s. After that plan
was implemented, a military dictatorship was established in the
country in the 1960s. The dictatorship wanted the unification of the
country; “Integrate so as not to Forfeit” was its slogan (Becker, 2000).
In the 1970s, the opening of the Amazon began with the
construction of large highways, connecting it to the other regions of
the country (Serra & Fernandez, 2004; Perz et al, 2005). The major
projects were: a) Great Carajas Project - Projeto Grande Carajas (1979-
1986), with the greatest mineral potential on the planet; b)
Polamazoénia - Program for Agricultural and Agribusiness Centers in
the Amazon (1979-1985), responsible for the implementation of
industrial agricultural exploitation; and c) Polonoroeste - Program for
the Integrated Development of Northwestern Brazil (1981-1985),
responsible for paving BR-364, one of the strategic highways in the

colonization actions for the Amazon (Reid, 2014; Mesquita, 2015).

The result of this historical and political process of economic
development is a highly altered Amazon. By 1975, only 0.5% (27.699
km?2) of the Amazon was deforested. But after 10 years of operation
of the major projects mentioned above, approximately 7% (352,096
km?2) of the territory had been devastated (an increase of 1,171% in
deforestation), and, in 2018, approximately 20% (788,535 km?2) of the
region had already been deforested and converted into other uses
(Figure 3; da Cruz et al, 2020a). The regions of maximum
deforestation in the Amazon were along the southern and eastern
edges, an area known as the “Arc of Deforestation”, which were and
still are strategic regions for expansion of agriculture and livestock

(Costa & Pires, 2010).

Figure 3. Deforestation in the Brazilian Amazon for the 1975-2018



Source: The data for deforestation figures were
extracted from INPE - National Institute for Space
Research
(http://www.obt.inpe.br/OBT/assuntos/programas/am
azonia/prodes) and CNIG
(http://centrodedescargas.cnig.es/CentroDescargas/

catalogo.do?Serie=CAANE).

Deforestation and forest degradation have major consequences for
humankind, such as greenhouse gas emissions (Van der Werf et al,,
2009). The estimated annual quantity of carbon emitted in the
region is between 150 and 250 million tons, which represents around
10 to 15 % of the total global emissions (Houghton et al,, 2005; Dias-
Filho et al, 2011). Over the years, the damage caused to the
environment has decreased significantly thanks to national
government actions and international interests (Rodrigues, 2018;
Simonet, 2019). The government has implemented several legal
mechanisms against forest loss in the region; the PPCDAM - Action
Plan for Deforestation Prevention and Control of the Legal Amazon,
created in 2004, is among such measures (Soares-Filho et al., 2010).
However, the goal of reducing illegal deforestation comes against
the attitudes of Brazil's new president Jair Bolsonaro, who is not
interested in protecting forests. The reflection of his comments and
his development policy has resulted in high rates of forest loss and

degradation since the beginning of his term (Escobar, 2019a).
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Further, deforestation of the Amazon has soared under cover of the

coronavirus-19 crisis (Diele-Viegas & Pereira, 2020; INPE, 2020).

This forest loss and degradation increase in Brazil has occurred
mainly in the Amazon region, which accounted for 1,320 km2 of
deforested areas from January to August 2019, with an increase of
75% as compared to the same period in 2018 (755 km?2). August 2019
was the month with the largest degraded areas, exactly when the
countless fires occurred in the Amazon. In that month alone, almost
40 thousand seats of fires were recorded in the region, an increase of
161% as compared to the same period in 2018 (15 thousand seats)
(INPE, 2019; Escobar, 2019a). Despite the president’s claims that Non-
Governmental Organizations (NGOs) are involved with the fires in
the Amazon, to "draw attention" against the government, there is
evidence that fires were due to weak laws, poor supervision and
incentives for the country's economic development (Vazquez & Dey
2019; Escobar, 2019b). A note released by the Climate Observatory, a
group that gathers approximately 50 NGOs, points out that the fires
occurring in the region reflects the President's own irresponsibility
towards the biome, the health of Brazilians and the climate in the

world (OC, 2019).

Biodiversity loss in Brazilian Amazon

Biodiversity reduction directly affects the provision of goods and
services to humans (Balvanera et al, 2006; Cardinale, 2012;
Hoeinghaus et al.,, 2016; Vieilledent et al.,, 2018; Diaz et al, 2019a).
Forests are normally resilient to natural disturbances and can
recover after major changes (Gunderson, 2000, Folke et al.,, 2004,
Walker et al, 2004); however, excessive species loss reduces their

resilience (Diaz et al., 2005; Pardini et al., 2010).



We are experiencing a crisis of unprecedented biodiversity loss
across the planet, at a much accelerated rate, which has been
induced mainly by human action (Ferreira, 2014; Richards, 2014; Diaz
et al., 2019b). The magnitude of such loss is so great and so strongly
linked to ecosystem processes (Thompson et al,, 2013) and to the use
of natural resources by society that it is currently considered of
global interest (Thom & Seidl, 2016; Betts et al., 2017; Curtis et al,,
2018). The Amazon, in addition to portraying some of the greatest
biodiversity on the planet (Miranda et al, 2012; Barbosa et al., 2016;
Tedesco et al., 2017; Barlow et al.,, 2018; The World Bank, 2019), is one
of the biomes that has the most vulnerable characteristics to

environmental variation (Seddon et al., 2016).

Biodiversity loss in the Brazilian Amazon is mainly due to
deforestation of large areas for agricultural and livestock activities
(Barlow et al., 2016; Hoeinghaus et al., 2016) and the introduction of
exotic species (Simberloff et al,, 2002, Strayer et al., 2006, Pejchar &
Mooney, 2009). Forest loss generates a significant decline in goods
and services (Hoeinghaus et al, 2016; Vieilledent et al, 2018).
Depending on the degradation level of a given area, the financial
resources used, and the recovery actions adopted, good levels of
biodiversity and ecosystem services can be recovered in a relatively
short period of time (Chazdon, 2008; Thompson et al., 2013; Figure
4).

Figure 4. Co-variation of biodiversity and ecosystem services,
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with forest restoration.

Biodiversity loss occurs both immediately (Gibson et al., 2011; Pereira
et al, 2012; He & Hubbell, 2011 and 2013; Hanski et al., 2013; Keil et al,,
2015) and at long-term scales, including the extinction debt and
those species committed to extinction (Shandra et al., 2010; Jackson
& Sax, 2010; He & Hubbell, 2011; Wearn et al., 2012; Doherty et al., 2016;
Hidasi-Neto et al, 2019). The number of living organisms lost per
km?2 of forest loss is not yet known. Some authors estimate that 45
thousand to 55 thousand trees (Ter Steege et al, 2003),
approximately 1,910 birds (Terborgh et al., 1990), and 35 to 81 primates
(Peres & Dolman, 2000) may exist in one km?2 of the Amazon forest.
When multiplying these figures by what had already been
deforested by 2018 (788,535 km?, da Cruz et al., 2020a), it is estimated
that approximately 35,484,075000 to 43,369,425000 trees have
been cut. Similarly, 1,506,101,850 birds and 27,598,725 to 63,871,335

primates may have been affected by deforestation.



There is multiple evidence that forest restoration is capable of
recovering substantial levels of biodiversity and ecosystems services
(Benayas et al, 2009; Stanturf, 2014; Spake et al. 2015; Crouzeilles et
al. 2016; Moreno-Mateos et al., 2017; Meli et al. 2017; Jones et al., 2018;
Reid et al. 2018; and Chazdon et al, 2020). However, species de-
extinction it is very difficult if not impossible and extraordinarily
expensive anyway (Sherkow & Greely, 2013). Thomas et al.,, (2004)
evaluated the risk for species extinction on approximately 20% of the
Earth's surface and concluded that from 15% to 37% of species would
be at risk of extinction by the year 2050. For the Amazon rainforest,
Feeley et al., (2009) estimated that from 5 to 9% of all species in the
region are also threatened with extinction by 2050. The results
reported by Miles et al.,, (2004) showed that persistence of 43% of the
tree species analyzed in the Amazon would be compromised by the
year 2095. The loss of some species significantly impairs some
ecosystem services (Diaz & Cabido, 2001; Ellison et al.,, 2005; He &
Hubbell, 2011), and many species are rare, with small populations
and, therefore, highly sensitive to any environmental changes
(Terborgh et al., 2008 and 2013). For these reasons, it is thought that
countless animal and plant species have gone extinct in the Amazon

to date.

Approximately one million species are threatened with extinction in
the world (IPBES, 2019). According to official data from the Red List
by the International Union for Conservation of Nature (IUCN),
approximately 27% (31 thousand species) of the more than 116
thousand different species of animals and plants are threatened
with extinction in the world (IUCN, 2020). In Brazil, ICMBIio (Chico
Mendes Institute for Biodiversity Conservation), MMA (Ministry of the
Environment) and CNCFlora/JBRJ (National Center for Plant

Conservation of the Botanical Gardens of Rio de Janeiro) have



updated the list of species endangered with extinction and

identified 1,173 animal and 2,107 plant species (MMA, 2019). Of this

total, 180 of animal species and 85 of plant species are in the

Amazon region (ICMBIo, 2018; Figure 5).

Figure 5. Species threatened with extinction in the world, in Brazil

and in the Brazilian Amazon
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Sources: Red List (IUCN;
https://Mww.iucnredlist.org/) for the species
threatened with extinction in the world,
and ICMBio (Chico Mendes Institute for
Biodiversity Conservation;
https:/mwww.icmnbio.gov.br/portal/especies-
ameacadas-destaque), MMA (Ministry of the
Environment;
https://AMww.mma.gov.br/biodiversidade/co
nservacao-de-especies/fauna-
ameacada.html) and 274 CNCFlora/JBRJ
(National Center for Plant Conservation of
the Botanical Gardens of Rio de Janeiro;
http://www.cncflora.jbrj.gov.br/portal) for
the list of species threatened in Brazil and in

the Brazilian Amazon.

How to recover the Amazonian biodiversity?

We face, on one hand, the significant loss of forest

biodiversity

(Gibson et al, 2011; Hoeinghaus et al., 2016; Vieilledent et al., 2018)
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and, on the other, the need to recover millions of hectares of
extirpated and degraded forest area (Menz et al., 2013; Crouzeilles et
al,, 2016; Lindenmayer, 2019). To address these challenges, there are
some general principles that can help guide the conservation of
forest biodiversity and the recovery of forest ecosystems
(Lindenmayer & Franklin, 2002; Lamlb, 2010). Among these principles
is the need to conserve the attributes and characteristics of native
ecosystems, to protect and recover populations of key species and
their habitats and to maintain the main ecological processes that
influence forest succession, which includes, for example, pollination

and seed dispersal (Lindenmayer & Franklin, 2002).

The relationship between biodiversity, ecosystem services and
landscape change has been gaining momentum in scientific studies
in recent years (Tscharntke et al., 2005; Pauchard et al., 2006; Nelson
et al, 2009; Haines-Young & Potschin, 2010; Burgi et al, 2015
Brockerhoff et al.,, 2017; Quijas et al., 2019; Williams et al., 2020). Some
studies report that numerous forest species are sensitive to forest
degradation (Lindenmayer et al. 2002, Colles et al., 2009; Vranckx et
al., 2012). For this reason, plant species must be carefully selected in
order to achieve better results in forest restoration programs (Colles
et al, 2009). Phytosociological knowledge of species groups is
commonly used in the Amazon as an indicator to monitor the
effects of conservation and restoration actions on plant
communities (Attanasio, 2008; Lewandowski et al., 2010; Neri et al,,

2011; Salomao et al.,, 2012a; b).

The over-time evaluation of tree species composition in a forest
provides information that is directly related to ecosystem change
(Liebsch, 2008; Morin et al.,, 2018). The selected indicators are a

fundamental step in the evaluation and monitoring of the recovery



of degraded areas (Audino, 2014, Suganuma & Durigan, 2015; Gatica-
Saavedra et al, 2017; Viani et al, 2018). Some forest species are
selected in monitoring assessments because changes in population
size or distribution may suggest that habitat amount or quality has
changed (Kuruneri-Chitepo & Shackleton, 2011; Bjgrneraas et al,
2012). Some species are more relevant than others because they
have certain functions in the ecosystem (Diaz et al, 2003). The
objective of forest recovery is to improve ecosystem functions
without an absolute commitment to reestablishing the original
plant composition (DellaSala et al., 2003; SER, 2004; Mansourian &
Vallauri, 2005; Clewell & Aronson, 2007; Corbin & Holl, 2012; Stanturf,
2014; Bastin et al, 2019; Chazdon, 2019). However, it is necessary to
consider the vertical structure and the main families and genera in
the new restored forest (Paul & Yavitt, 2011; Salomao et al.,, 2012b; Hilje
et al,, 2015).

In addition to tree community composition, another good indicator
of the forest state is the presence of certain animal groups with
specific ecological functions (Diaz-Garcia, 2017), such as pollination
and seed dispersal (Wright et al, 2007; Terborgh et al, 2008).
Insectivorous birds, for example, can regulate populations of
herbivorous insects and act as dispersing and pollinating agents for
plants (Bridgeland et al, 2010). For this reason, many insectivorous
birds respond negatively to degradation in tropical forests
(McCarthy, 2012; Edwards et al,, 2014), and, therefore, can be used as

indicators in the recovery process.

Recovery experiences have focused on species selection according
to their successional stage, growth and survival (Menge & Chazdon,
20716; Boukili, 2017). It is suggested that the restorative planting

should be heterogeneous by combining species from different



succession stages, such as pioneers, secondary and climax (Massad
et,, 2011, Wang et al, 2014). These experiences have generated
recovery models that have been shown to be adequate in particular
areas (Meli et al,, 2014, Laughlin, 2014; Lu et al, 2017). In order to
define which species from a specific functional group and at what
stage of the forest restoration process they will be used for
restorative activities, the purpose of the work must be clearly
defined (Volis, 2016; Martins, 2017, Monks et al., 2019). With good
knowledge of functional groups, it is possible to propose better

conservation and restoration actions for the ecosystem.

There are laws and regulations that have been created over the years
and determine procedures to be adopted in forest recovery
activities. Brazilian legislation, for example, requires that areas be
recovered with native species to the region (Brazilian Forest Code,
Law no. 12,727/2012). However, a study conducted by da Cruz et al,
(2020a) identified that a large number of recovery projects used
exotic species in the Brazilian Amazon. This fact can be explained by
two reasons: a) a large number of commercial projects that use
exotic species and b) landowners who resort to legal restrictions for

the economic use of native species (Butler & Laurence, 2009).

Revegetation of a degraded area can be accomplished by a suite of
different techniques with different intensity of intervention (Stanturf,
2014). Major techniques for forest restoration are a) seedling
planting, b) natural regeneration, c) assisted natural regeneration by
nucleation, and d) agroforestry systems (Rodrigues et al.,, 2015;
Figure 6). All these restoration techniques are ultimately linked to
secondary succession (Chazdon & Uriarte, 2016), i.e., they both affect
and are affected by this process. Seedling planting aims to produce

a forest with a starting specific composition or structure. It provides



a relatively rapid tree coverage and does not depend on dispersing
agents or seed sources (Stanturf, 2014, Wallertz et al,, 2018). It is the
most often used technique in the Brazilian Amazon (Palma &

Laurance 2015; Viani et al., 2017; da Cruz et al., 2020b).

Natural regeneration involves the colonization of sites by any plants
and animals that may disperse from the surrounding habitats and
subsequently establish themselves (Shiferaw, 2018); it therefore has a
highly stochastic outcome. Assisted natural regeneration represents
an intermediate technique that involves acting in focal areas for
facilitating vegetation recovery (Benayas, 2008; Corbin & Holl, 2012).
Nucleation, a type of assisted natural regeneration, pursues the
establishment of woody recruits in these focal areas or nuclei to
trigger forest expansion in larger areas over time through natural
regeneration as the established nuclei attract animals that
participate in seed dispersal (Benayas, 2008; Corbin & Holl, 2012).
Assisted natural regeneration, which is widely used in post-mining
recovery (Tomazi et al, 2010; Reis et al.,, 2014), seeks to facilitate
natural regeneration through the cyclical relationship of producers,
consumers and decomposers (Zahawi et al., 2013; Bechara et al,
2016). Finally, agroforestry systems are intercropped cultivars of tree
species with agricultural crops and/or domestic animals (Martins,
2013). They enhance the structure and increase of soil nutrient levels
by means of nutrient cycling promoted by roots and leaf litter

accumulation (Vaz, 2000).

Figure 6. Some forest restoration techniques used in the Brazilian

Amazon.



1) Seedling planting ) Natural regeneration

Source: Database containing experiences
from the degraded area recovery program

of the BRC project - Biodiversity Consortium

Choosing the best practice to recover a degraded area is still a
challenge with regard to ecological restoration, as it depends on
numerous factors (Nepstad, 1991; Callicott, 2002; Holl & Aide, 2011,
Rodrigues et al, 2011; Simila & Junninen, 2012; Thomas et al., 2014;
Chazdon & Uriarte, 2016; Burger & Zipper, 2018). Plant identification
and knowledge of functional groups and ecological interactions of
pollination and seed dispersal in forest dynamics are critical to
understand forest regeneration (Van Breugel et al., 2019; Rozendaal
et al, 2019; Barros et al.,, 2020) and establish appropriate recovery
techniques. Therefore, selecting which techniques are most
appropriate to recover a certain deforested or degraded forest
requires an assessment of the changes that occur at the site, as well
as an analysis of the factors that have led to such changes

(Crouzeilles et al., 2016).

CONCLUSION

The study demonstrates that the Brazilian Amazon, one of the
largest areas of primary vegetation in the world and home to 10 to
15% of all known species on the planet, faces an unprecedented crisis
of forest loss and biodiversity decline. In 1975, only 0.5% of the
Amazon had been deforested; by 2018, this figure had reached



approximately 20%, an increase of 1171% driven by large-scale
development projects, highway construction, timber and mineral
extraction, and, above all, the expansion of agricultural and livestock
frontiers. The acceleration under discourses and policies that
deprioritize forest protection, exacerbated by the COVID-19 crisis,
demonstrates that deforestation is not merely an environmental
problem, but a direct consequence of political and economic

decisions.

Biodiversity loss is not only numerical but functional. The study
estimates that, with the 788,535 km? deforested by 2018, between 35
and 43 billion trees may have been lost, along with 1.5 billion birds
and 27 to 63 million primates affected. More critically, projections
indicate that 5% to 9% of all Amazonian species may be threatened
with extinction by 2050, and the persistence of 43% of tree species
may be compromised by 2095. This loss reduces ecosystem
resilience, compromises essential services such as pollination and
seed dispersal, and directly affects the production of food,
medicines, and raw materials that sustain economies and

populations.

Despite the critical scenario, the study points to concrete pathways
for recovery. Techniques such as seedling planting, assisted natural
regeneration, nucleation, and agroforestry systems are already being
applied in the Amazon, and there is solid evidence that forest
restoration is capable of recovering substantial levels of biodiversity
and ecosystem services. The challenge lies in selecting appropriate
species, considering functional groups, successional stages, and
ecological interactions, and in overcoming contradictions such as
the use of exotic species in recovery projects, in disagreement with

Brazilian legislation. The central conclusion is clear: the window of



opportunity to reverse the damage still exists, but it requires political
will, compliance with environmental laws, and investment in science

and ecological restoration.
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