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1. Introduction

Forest ecosystems have rapidly been transformed into areas for the occupation of the human
population and for economic purposes [1]. Rainforests distributed around the planet have
been cleared because of a complex set of factors, which vary according to the characteris‐
tics of each region [2]. Among the factors are deforestation for alternative use of the soil
(pasture, commercial or subsistence farming, and biofuel generation), tree cutting for the
timber industry, wood extraction for energy biomass and poaching [3].  The reduction of
vegetation cover leads to a decrease of biodiversity and to an increase of carbon emissions,
changing the global climate [1].

The creation and establishment of conservation units is one of the main strategies to ensure
biodiversity [4], allowing governments to tackle climate changes and, in the process, ensure
biodiversity [5]. Conservation units are protected areas, established to maintain biological
diversity and genetic resources, to protect endangered species, to conserve and restore
diversity in natural ecosystems [4]. About 10% of the land surface of the planet is under some
form of protected area [6]. However, the challenges are huge, because many protected areas
are not yet fully implemented or adequately managed [6]. In Brazil, protected areas account
for 17% of the Earth’s surface [7].

The process of biodiversity preservation in protected areas is not always efficient, leading to
lack of connectivity between the different forest remnants. This lack of connectivity affects
the movement of organisms between the different environments, influencing the stability of
populations, communities and ecological processes. In addition, areas defined as priorities
for conservation may show significant environmental changes due to changes in land use [8].
Still, due to the great threat to biodiversity caused by the conversion of natural areas into
production systems, conservation units provide adequate guarantees to ensure protection to
the environment.



Thus, areas altered because of changes in land use can be restored to recover the ecological
interactions necessary for biodiversity maintenance. The use of restoration techniques to
recover altered ecosystems is considered a fundamental strategy for biodiversity conservation.
Ecological restoration has been widely used in Brazil as a measure to reverse the degradation
process and enhance biodiversity conservation, ensuring ecosystem services.

In this context, arboreal forest species play a fundamental role in the reconstruction of the
three-dimensional and functional structure of the forest (canopy, understory, strata, biomass,
carbon, etc.). These species define local patterns of both organic matter accumulation in the
soil [9] and nutrient cycling [10]. They help soils against the effects of erosion processes,
favoring water infiltration (less runoff) and the definition of the microclimate standards of the
habitat (shading, air and soil temperature, etc.) [11]. The tree species increase the abundance
and diversity of shelters and foods for the fauna, enhancing the capacity to attract seed
dispersers [12].

In this chapter, we will present the bases and methodological strategies of forest restoration
in altered areas of the Atlantic Forest, Brazil. We will also address the potential of biodiversity
conservation in protected areas. We will show results of restoration actions in altered areas in
a conservation unit, focusing on ecosystem biodiversity and its applicability in other biomes.

2. Fundaments and strategies of forest restoration in Brazil

Actions for forest restoration in Brazil were first introduced in areas affected by works of public
interest, especially in places altered by the construction of large hydroelectric plants. Restora‐
tion actions were based on the planting of forest species without considering the ecological
criteria, including the use of exotic species. These procedures led to the formation of mixed
forests with low diversity and potential for land occupation [12]. Later, the original structure
of a preserved forest fragment (diversity and successional groups) started to be considered
[13]. This analysis served as a basis for the adoption of the recovery method to be applied in
the altered environment. Currently, it is proposed that the succession process in restoration
areas may occur following multiple trajectories and not a predefined template. These trajec‐
tories exhibit a dynamic equilibrium, where each final community will have its phyto-
sociological and structural peculiarities according to the environment and the history of the
ecosystem usage [14].

Defining a strategy for environmental restoration in altered ecosystems requires accurate
indicators of the ecology in the biosystem. These indicators allow the use of specific method‐
ologies for each type of tree formation, ensuring a more effective restoration process, regardless
of the recovery speed of the ecosystem, which vary enormously among forest ecosystems [15].
One of the main attributes of ecosystems is their ability to change in time. All ecosystems,
terrestrial or aquatic, are subject to natural or human disturbances that inflict changes to a
greater or lesser degree in time [16].

An ecosystem can be considered stable when it reacts to a disturbance, keeping a state of
dynamic  equilibrium [17].  However,  a  degraded ecosystem has  undergone disturbances
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leading  to  the  decrease  of  its  resilience,  with  consequent  loss  of  important  species  and
interactions  [17].  Resilience  is  the  ability  of  a  system  to  restore  its  balance  after  being
disrupted by a condition,  that  is,  its  ability to recover [18].  When the ecosystem under‐
goes severe damage, such as extinction of key-species and intensification of degradation
(diseases, erosion, leaching and inbreeding), human intervention is required [19]. Accord‐
ing to the authors, this intervention must reverse the degradation processes leveraging local
characteristics of auto-restoration.

For the success of a restoration process, some factors must be taken into account, namely the
historical use of the area, the degradation intensity, the degree of forest fragmentation and the
preservation degree of the surrounding vegetation. Thus, altered environments that have little
or no vegetation preserved in their surroundings have less capacity to recover, once, mainly
in tropical areas, seed dispersal occurs predominantly by animals. The animals hardly ever
leave forested areas toward open agricultural areas [20]. Therefore, the presence of forest
remnants facilitates the movement of seed dispersers [21].

Another important factor is the length of time and the intensity of the area use. Areas with
consolidated agricultural and livestock activities recover more slowly than areas used for
itinerant agriculture for short periods of time. In general, more intensely degraded areas have
a seed bank with low diversity, limiting self-healing. Additionally, compacted soils and soils
with low natural fertility limit the emergence and growth of seedlings.

Thus, for the recovery of natural ecosystems, success lies in the restoration of ecological
processes responsible for the reconstruction and maintenance of a functional community [22].
The authors highlight that the effectiveness of this process depends on the use of high
biodiversity involving species of trees, shrubs, vines as well as lianas, in addition to the fauna
and the interactions between living beings that inhabit that environment. This diversity can
be obtained through direct restoration actions of altered environments and guaranteed over
time by the natural dynamics of the community restored [22].

The recovery of a degraded environment can be understood as reconstructions of its function
and its structure [23]. According to the author, several optional objectives guide the recovery
of a degraded ecosystem, namely: the reproduction of the exact original condition of the site
(structure and function); the reproduction of conditions similar the conditions before degra‐
dation, enabling the balance of environmental processes; the development of an alternative
activity suitable to human use and not simply the reconstitution of the original vegetation,
provided this process is carried out to prevent negative environmental impacts; and aban‐
donment, which can lead to a normal succession process or to future degradation if the
ecosystem is subject to erosion or other debilitating agent.

3. Biodiversity conservation in conservation units

The Atlantic Forest and the Amazon Rainforest, historically, have had periods of connection,
interspersed by periods of isolation. This alternation of isolation and connection with other
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biotas and the combination with striking geographic factors resulted in high biological
diversity and endemic occurrences in these biomes [24]. Although these biomes show immense
biological wealth, a significant part of biodiversity is still unknown. Between 1990 and 2006,
[25] indicated the discovery of over 1,190 plant species by the scientific community for the
Atlantic Forest.

The Atlantic Forest, first region colonized in Brazil, has undergone continuous deforestation
and, currently, it is estimated that only 11-16% of the original forest cover remains [26].
Deforestation has resulted in severe changes in ecosystems, especially high fragmentation and
degradation of native vegetation and loss of regional species of flora and fauna [27]. In the last
decade, the deforestation rate has reduced because of numerous ordinances created to protect
the biome, at different levels of government. Among the ordinances, we highlight the “Lei da
Mata Atlântica” Law number 11,428 of December 22, 2006, which addresses the use and
protection of native vegetation of the Atlantic Forest biome.

The definition of new protected areas represents an important strategy for biodiversity
preservation. At the end of the 1990’s, Brazil held more than 1,000 public and private conser‐
vation units, totaling approximately 76 million hectares [28]. In the Atlantic Forest biome,
protected areas also increased during that period. The main category created was of Environ‐
mental Protection Areas (EPA). This category represents 91% of the total area of sustainable
use in conservation units in the biome [29]. However, whole protection areas are not as
effective, as they accept human occupation. In the Atlantic Forest biome, it is estimated that
40% of the area of sustainable use in conservation units is already occupied by human
population and has no forest cover. Nevertheless, the whole protection areas account for 88%
of its total area covered by preserved natural vegetation.

According to recent data from the Ministry of the Environment [7], Brazil has more than 2,100
conservation units, totaling circa 150 million hectares, which account for 17% of the Brazilian
territory. The Amazon biome has approximately 73% of the total cover area in conservation
units in Brazil, while the Atlantic Forest contributes to 7% [7]. The Atlantic Forest has approx‐
imately 9.7% (107,242 km2) of its territory in protected areas, being only 2% in whole protection
conservation units [7].

A large number of rare and/or endangered species, reported on the so-called “red lists” [30,
31], are restricted only to protected areas. Thus, their existence is greatly linked to the future
of these conservation units. The Official List of Threatened Species of the Brazilian Flora [31]
contains 472 species, four-folds of the previous list of 1992. Of these, 276 species (more than
50%) belong to the Atlantic Forest. The list includes species that have been the most econom‐
ically exploited over time, such as pau-brasil (Caesalpinia echinata), palmito juçara (Euterpe

edulis), araucaria (Araucaria angustifolia), jequitibá (Cariniana ianeirensis), jaborandi (Pilocarpus

jaborandi), xaxim (Dicksonia sellowiana), jacarandá-da-bahia (Dalbergia nigra), canela-sassafrás
(Ocotea odorifera) and various orchids and bromeliads.

The Official List of Threatened Species of the Brazilian Fauna [30] contains 633 species,
including fish and aquatic invertebrates. Seven species have already been listed as extinct in
the wild. Of these endangered species of the Atlantic Forest, 185 are vertebrate species (69.8%
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of all threatened species in Brazil), represented by 118 species of birds, 16 amphibians, 38
mammals and 13 reptiles. In addition, there are 59 fish species facing extinction [30]. A
significant part of these endangered species is endemic, such as muriqui-do-sul (Brachyteles

arachnoides), muriqui-do-norte (Brachyteles hypoxanthus) and papagaio-da-cara-roxa (Amazona

brasiliensis).

4. Restoration of the Atlantic Forest

The Atlantic Forest is one of the so-called global hotspots of biodiversity. The biome comprises
34 regions with high richness of endemic species; however, it is seriously threatened by
significant loss of forest cover [32]. Originally distributed in more than 1.3 million km2, in the
eastern side of Brazil, the Atlantic Forest is home to at least 60% of the Brazilian population
and approximately 70% of the national GDP is concentrated in this region of the country.
Currently, there are degraded and isolated forest fragments with predominantly less than 50
ha [26]. Restoration of altered and fragmented areas is essential to ensure biodiversity
maintenance, because protected areas must be connected to suit the functionality of the
landscape ecosystem.

In this sense, we conducted a study on the Parque Estadual Quarta Colônia (Figure 1), a state
protected area that was created in 2005. Its creation is attributed to a compensatory measure
for the construction of a hydroelectric power plant. It is the largest established conservation
unit of the “Deciduous Seasonal Forest” in the central region of Rio Grande do Sul State (1,847
ha), part of the Atlantic Forest Biome. A park is a category that aims the conservation of the
ecosystem characteristic of a region and the practice of environmental education and recreation
[4]. The Parque Estadual Quarta Colônia houses a floral species, Dyckia agudensis Irgang &
Sobral (Figure 2), seriously threatened of extinction [33]. This species is lithophyte growing on
basaltic formations among xerophytic vegetation. D. agudensis is at risk of extinction due to
habitat fragmentation caused by agricultural activities in the surroundings.

Rugged-to-flat relief comprises the topography of the conservation unit. In some areas of the
unit, there used to be small rural properties that were expropriated during the construction of
the dam. There are several altered areas, decommissioned parts of the construction site and
functional facilities of the plant power. Even before the creation of the conservation unit, some
degraded areas of the park had been recovered with the planting of seedlings of native species
in the year 2001. Other altered areas that were once abandoned are currently in early regen‐
eration stages, influenced by the natural forest matrix in the surroundings.

The most preserved areas of the park feature a succession mosaic due to anthropogenic
interference in the area. The vegetation is classified as medium-to-advanced stage of secondary
succession. The early secondary species contribute to greater diversity and the late secondary
species appear less pronounced. Understory species possess the greatest number of individ‐
uals and have a characteristic occupation of greater range of luminosity. Thus, they suffer
greater influence of soil variables in the definition of ecological niches of plant species [34].
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Figure 1. Limits of the conservation united (Parque Estadual Quarta Colônia), southern Brazil.
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Figure 1. Limits of the conservation united (Parque Estadual Quarta Colônia), southern Brazil. 

Rugged‐to‐flat relief comprises the topography of the conservation unit. In some areas of the unit, there used to be small 
rural  properties  that  were  expropriated  during  the  construction  of  the  dam.  There  are  several  altered  areas, 
decommissioned parts of the construction site and functional facilities of the plant power. Even before the creation of the 
conservation unit, some degraded areas of the park had been recovered with the planting of seedlings of native species 
in the year 2001. Other altered areas that were once abandoned are currently in early regeneration stages, influenced by 
the natural forest matrix in the surroundings. 

Figure 2. Species critically endangered of extinction (Dyckia agudensis Irgang & Sobral) found in the area of the Parque
Estadual Quarta Colônia. Photo 2: Büncher (2011) - Digital Flora of Rio Grande do Sul.

However, for an ecosystem to be considered restored, it is necessary to analyze its biodiversity
and compare it with preserved environments. Based on the principles of the Society for
Ecological Restoration [35], a restored ecosystem should present diversity and structure similar
to a reference ecosystem. Diversity is commonly measured by determining the richness and
abundance of organisms. Similar to the specific composition of species, the vegetation structure
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is usually analyzed by its density, biomass, and canopy coverage or by structural aspects of
the vegetation, and these measurements are useful to predict the direction of plant succession
[36]. Additionally, ecological processes, such as nutrient cycling and soil enzymatic activity
[37], are related to stabilization and soil fertility [38]. In the same region of the conservation
unit, [10] found that with leaf deposition of the leguminous tree Parapiptadenia rigida, soil
nutrients returned to 32.4 kg ha-1 yr-1 of Ca, followed by N (26.1), K (3.2), Mg (2.1), S (1.3) and
P (1.0 kg ha-1 yr-1).

From 2010 onwards, some attributes were evaluated to verify the recovery of degraded
environments. We analyzed the vegetation structure, the diversity and ecological processes,
which served as a parameter to evaluate different areas under restoration in the conservation
unit. We initially characterized the vegetation in relation to environmental variables of the
reference ecosystem to evaluate and monitor the areas under the restoration process. The
reference area has been free of anthropic interventions for more than 20 years, and before that,
there used to be small farms in the less steep slopes. Currently, it forms a mosaic of different
successional stages [39].

Two groups of species composition characterize the forest. One group consists of understory
species, which, due to the smaller size, establish on sloping and stable terrain. In this group,
Trichilia clausseni is the indicator species that exerts a strong influence on forest succession and
on the community due to its high density and frequency in forest regeneration. The other group
of species is formed by Nectandra lanceolata and Nectandra megapotamica as dominant in the
forest structure. In addition, early secondary species such as Cupania vernalis, Ocotea puberula

and Casearia sylvestris indicate the dynamics of clearings in the area.

The monitoring of restoration was carried out in different altered areas of the Parque Estadual
Quarta Colônia. The areas monitored (A1 and A2), both with seven years of planting, feature
the following characteristics:

A1 – covers an area of 2.21 ha. It is a reminiscent of ancient successive crops of tobacco (Nicotiana

tabacum L.) with about 560 m of the reference area. In the planting, 12 species were used with
five pioneers (Schinnus terebinhtifolius Raddi, Inga vera Willd., Parapiptadenia rigida (Benth.)
Brenan, Ateleia glazioviana Baill., Psidium cattleyanum L.) and seven early secondary (Prunus

myrtifolia (L.) Urb., Vitex megapotamica (Spreng.) Moldenke, Cedrela fissilis Vell., Ficus lusch‐
nathiana (Miq.) Miq., Luehea divaricata Mart., Peltophorum dubium Sprengel. e Ocotea puberula

(Rich.)). The soil was prepared by means of subsoiling at an average depth of 35 cm. After‐
wards, trenches were opened along the lines of grooves, and seedlings were planted at spacing
of 2.5 m x 2.5 m. Cultural practices were performed for a period of 24 months.

A2 – covers an area of 2.27 ha. It is about 615 m of the reference area and 78 m far from a slope
area with secondary forest in the middle stage of succession. The soil was compacted with
presence of construction waste (75% of particle size > 200 mm) [40], originating from the
demolition of old facilities. In this region, 24 species were planted, being five pioneers
(Parapiptadenia rigida, Psidium cattleyanum, Schinus terebinthifolius, Enterolobium contortisiliq‐
uum (Vell.) Morong, Calliandra brevipes (Spreng.) J. F. Macbr), 15 early secondary species
(Allophylus edulis (A.St.-Hil., Cambess. & A. Juss.) Radlk., Strychnos brasiliensis (Spreng.) Mart.,
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Cordia americana (L.) Gottshling & J.E.Mill., Luehea divaricata, Peltophorum dubium, Cedrela

fissilis Vell., Schizolobium parahyba, Cabralea canjerana (Vell.) Mart, Handroanthus heptaphyllus,
Handroanthus chrysotrichus, Jacaranda micrantha, Eugenia uniflora, Campomanesia xanthocarpa O.
Berg, Vitex megapotamica, Cordia trichotoma (Vell.) Arráb. ex Stend.) and four late secondary
species (Ficus luschnathiana, Eugenia involucrata DC, Annona rugulosa (Schltdl.) H. Rainer,
Myrcianthes pungens (O. Berg.) D. Legrand). The spacing used was 4 m x 4 m with planting in
trenches without subsoiling and cultural practices.

The structure of the vegetation diversity and enzymatic activity of the soil are significantly
different between the areas under the restoration process and the reference area. It is observed,
for example, when comparing the high proportion of pioneering species and reduced basal
area growth in areas A1 and A2 (Table 1).

Arboreal Component Natural Regeneration

A1 A2 RA A1 A2 RA

Age (years) 7 7 ± 20 - - -

Planting space (m) 2 x 2 4 x 4 - - - -

Average height (m) 3.15 4.30 9.30 0.44 1.00 2.80

Basal area (m²/ha-1) 4.13 4.27 27.13 - - -

Density (plants.ha-1) 1,741 297 3,408 23,333 11,388 15,909

Canopy cover (%) 109.3 35.7 - - - -

Richness 19 29 49 21 16 42

Diversity (H') 2.31 2.86 3.00 2.23 2.29 2.60

Equability (J') 0.78 0.85 0.78 0.73 0.82 0.69

Zoochoric plants (%) 58.0 70.0 75.2 62.0 56.2 79.5

Anemochoric plants (%) 42.0 30.0 24.8 38.0 43.7 20.5

Sucessional group (% P:NP) 47:53 48:52 18:82 52:48 44:56 12:88

Exotic species (%) 26.3 17.2 0 28.5 31.2 0

Where: (% P:NP)=percentage of pioneer species (P) in relation to non-pioneer species (NP).

Table 1. Structure and diversity in Subtropical Seasonal forest natural area (RA) and areas under restoration process
(A1 and A2) in Parque Estadual Quarta Colônia.

Area A1 is in intermediate stage in relation to the other two areas. In area A2, the low density
of plants is related to three factors: larger planting spacing; presence of restrictive layers to root
growth; and lack of management after planting. The absence of weed control favored the
permanent presence of invasive grasses, competing with arboreal individuals and preventing
the development of some native species. The lower initial spacing in area A1 provided higher
density of plants in the area, which resulted in the rapid canopy coverage in relation to area A2.
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Area A1 has a higher possibility of achieving the objectives of restoration due to increased
canopy coverage. The greater shading of the canopy enabled grass reduction and, consequent‐
ly, the establishment of a greater number of regenerating individuals. The vegetation cover
controls the quantity, quality and distribution of light, influencing the growth and survival of
seedlings and determining vegetable composition [41]. The importance of richness of tree
species and regeneration in the areas undergoing restoration was lower than that observed in
the reference area (RA). Because the RA represents secondary forest, attract avifauna, which
favors forest development. However, there is a need to manage the areas through the eradi‐
cation of exotic species. The exotic species with most occurrence medium-to-advanced stage
of succession, may display predominance of some species, resembling the diversity index of
a deployed area.

In natural regeneration, the floristic richness of the RA was enough to enable the development
of various species, allowing a higher diversity index in relation to areas under restoration. This
was attributed to the increased shading and flow of diaspores of species in reproductive stage.
In the regeneration process of areas A1 and A2, zoochoric pioneering species predominated,
with great capacity to was Psidium guajava, pioneer species with zoochoric dispersal (Table 2).

Local Specie AD AF SG

RA

Allophylus edulis (A.St.-Hil., et al.) Hieron. Ex Niederl. 958.3 58.3 ES

Cupania vernalis Cambess. 2750.0 83.3 ES

Gymnanthes concolor (Spreng.) Müll. Arg. 6000.0 83.3 ES

Trichilia clausseni C.DC. 1166.7 58.3 ES

Trichilia elegans A. Juss. 1083.3 75.0 LS

A1

Hovenia dulcis Thunb.* 2916.7 16.7 P

Inga vera Willd. 1805.6 27.8 P

Ocotea puberula (A.Rich.) Ness 1527.8 33.3 P

Psidium guajava L.* 1944.4 38.9 P

Schinnus terebinthifolius Raddi 8750.0 61.1 P

A2

Caliandra brevipes (Spreng.) J. F. Macbr. 1805.6 33.3 P

Cordia trichotoma (Vell.) Arráb. ex Stend. 833.3 5.6 ES

Pinus elliottii Engelm.* 694.4 11.1 P

Psidium guajava L.* 3333.3 44.4 P

Syzygium cumini (L.) Skeels* 1388.9 11.1 P

AD: Absolute Density; AF: Absolute Frequency; SG: Succession Group; P: Pioneer; ES: Early Secondary; LS: Late
Secondary. *Exotic Species.

Table 2. Five species better ranked in the regeneration process in the natural reference area (RA) and in areas under
restoration process (A1 and A2).
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Soil enzymes (amidase, urease, acid phosphatase, and arysulfatase) in the RA, at 0-5 cm of
depth, presented higher values than those in restoration areas. Ground cover possibly
influenced the enzymatic activity, since the restoration areas feature the presence of invasive
grasses. However, in the RA, we can observe a dense layer of litterfall, which can reach 10.9
Mg ha-1 [42] in this type of forest formation. Still, the enzymatic activity is observed in all areas,
although with significant differences between the restoration areas and the RA.

In area A2, a significant regeneration was verified under the canopy of Inga vera. This indicates
that the Inga is a key species or a facilitator in the process of ecological restoration. In the
restoration process of degraded areas, facilitators are species that, at an early stage of succes‐
sion, alter the conditions of the community, allowing better establishment of other species [43].
A species capable of forming aggregates of other species is considered a facilitator. The
colonization processes that occur in the surroundings of this species are called nucleation [44],
which occurs mainly by zoochoric dispersal [23].

Among several facilitators, Inga vera stands out by offering features that promote an improve‐
ment in environmental conditions, namely large tree crowns, rapid growth [23] and biological
nitrogen fixation [45]. Its fruit is a hairy yellowish pod, measuring from 4-12 cm long with
white pulp, sweet and edible, which makes it attractive to frugivorous animals, allowing
zoochory [46]. The Inga is classified as a pioneer species in the ecological succession group. It
has wide geographical distribution and is found mainly in the Atlantic Forest biome in Brazil.

Therefore, we evaluated regeneration under the canopy of Inga vera (50 plants) 10 years after
the planting in area A2. We identified the presence of 756 individuals, belonging to 47 species
and distributed among 25 families. The families Fabaceae (five species; 183 individuals),
Myrtaceae (four species; 157 individuals) and Solanaceae (four species; five individuals) were
the most representative in natural regeneration. Table 3 shows the main species found in
natural regeneration.

Regarding the ecological groups, 26 species are pioneers (55.3%), 16 early secondary (34%) and
two late secondary (4.3%), two unidentified (4.3%) and a mix of ES/LS (2.1%). In terms of seed
dispersion, 29 species are zoochoric (61.7%), 13 are anemochoric (27.7%), two barochoric
(4.3%), two unidentified (4.3%) and one authochoric (2.1%).

The Shannon diversity index (H’) found was medium (2.68). For high diversity, the index must
be greater than 3.0; medium, between 3.0 and 2.0; low, between 2.0 and 1.0 and very low,
smaller than 1.0 [47]. The Pielou evenness index (J’) was 0.7. This value indicates that some
species have high densities, and others have few individuals [48]. The species Ligustrum

lucidum (21.7%), Inga vera (17.9%), Syzygium cumini (12.8%), Baccharis semiserrata (7.7%), Psidium

guajava (6.35%) and Allophylus edulis (5.3%) altogether represented 71.7% of the density of
natural regeneration (542 individuals), a fact that explains the low evenness. The analysis of
the index of importance value (IIV) shows that the species Ligustrum lucidum (30.2%), Inga

vera (27.4%), Syzygium cumini (19.2%), Baccharis semiserrata (18%), Psidium guajava (14.9%) and
Allophylus edulis (12.7%) have the highest values.

The species Inga vera and Allophylus edulis had fruits most attractive to frugivorous animals [46,
49]. The presence of Inga in the degraded area, for its characteristics, has the ability to form
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nuclei of native and exotic species. This formation is mostly attributed to its great attraction to
frugivorous vertebrates, primarily birds and bats. Its main attractive features for the fauna are
the fleshy and sweet fruits. In addition, the Inga species is capable of forming a large crown,
serving as a natural perch for birds that end up defecating or regurgitating in the site.

The negative aspect observed in the study was the presence of exotic species, which account
for 19.1% of the total number of species in the regeneration areas, however with 43.6% of the
number of individuals. It is highlighted the presence of Ligustrum lucidum, Syzygium cumini

and Psidium guajava, invasive exotic species with high zoochoric seed dispersion and a high
number of individuals (309) and density (40.9%). Conservation units with total protection
should be representative of native species and ecosystems, therefore, the existence of invasive
exotic species is not desirable nor permitted [50]. The main management strategies involve the
eradication and/or control to contain the spread of exotic species, reducing their abundance
and their density and/or mitigating their impacts [51].

Additionally, it is possible to affirm that the two areas under restoration (A1 and A2) are
returning to natural succession, given that the diversity, structure and ecological processes
show a growing trend in relation to the RA. The enzymatic activity can be considered a good
indicator of ecological restoration, evidencing that the two areas under restoration resumed
the succession process. However, to allow a greater complexity of the ecosystem, the areas
should be managed to remove the exotic species.

Scientific name Ni Np D (cm) H (m) RD RF IIV EG Disp.

Ligustrum lucidum W. T. Aiton* 164 24 1,92 1,89 21,69 8,51 30,20 P Zoo

Inga vera Willd. 135 27 3,00 2,19 17,86 9,57 27,43 P Zoo

Syzygium cumini (L.) Skeels.* 97 18 1,40 1,08 12,83 6,38 19,21 P Zoo

Baccharis semiserrata DC. 58 29 2,22 2,16 7,67 10,28 17,96 P Anemo

Psidium guajava L.* 48 24 2,84 2,52 6,35 8,51 14,86 P Zoo

Allophylus edulis ( A.St.-Hil.) Radlk. 40 21 1,53 1,74 5,29 7,45 12,74 SI Zoo

Calliandra brevipes Benth. 39 9 2,00 1,76 5,16 3,19 8,35 P Anemo

Cupania vernalis Cambess. 24 15 1,31 1,10 3,17 5,32 8,49 SI Zoo

Nectandra megapotamica Mez 13 6 1,74 2,00 1,72 2,13 3,85 SI Zoo

Schinus terebinthifolius Raddi 13 12 2,20 2,04 1,72 4,26 5,97 P Zoo

Ni=number of individuals; Np=number of plots; D=diameter at 5 cm above the soil (cm); H=height (m); RD=relative
density; RF=relative frequency; IIV=index of importance value; EG=ecology group; Disp=dispersion; Zoo=zoochoric;
Anemo=anemochoric; Baro=barochoric; Auto=authochoric; *exotic species.

Table 3. Main species found in natural regeneration under the canopy of Inga vera, in the restoration area.
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5. Conclusion

The effectiveness of ecological restoration is largely attributed to the resilience capacity of an
ecosystem, to the restoration actions and to the monitoring of recovery indicators. In this sense,
the focus on ecological restoration should take into account that the areas are part of an
integrated system, requiring the knowledge of its structure and functions for its sustainability,
as well as the individual role of each species, especially those that play a fundamental role in
strong interactions and in the resumption of ecological succession.

Temporal analysis of ecosystem attributes comprises the basis for the evaluation of the
restoration process, also for the comparison of the speed and direction of its performance in
different environments and geographical regions. The use of smaller spacing enables faster
recovery of altered areas, because the plants shade the soil more quickly, reducing competition
for invasive exotic grasses.

It is essential to take into consideration the performance of key species and the arrangements
of functional species, because they keep the ecosystem balanced on several levels, both biotic
and abiotic. This fact prevents exotic species from becoming invasive by occupying an
ecological emptiness (absence of natural predators and competitors) and from settling in areas
under the restoration process.
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