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Abstract

This study evaluates the potential of fauna attractiveness according to brushwood transposition in an abandoned
mining area under restoration in Rio Grande do Sul, Brazil. Sixteen areas of brushwood measuring 2 m* area and 1 m
high were installed. The occurrence of fauna groups under and around the brushwood piles was then observed with
use of bi-monthly surveys. Data were collected using a non-destructive method and the animals were identified by
order and separated by taxonomic units. Twenty-three fauna orders were found, with the most frequent being Anura,
Araneae, Hymenoptera and Isoptera. There was an increase in the number of taxonomic units found in each survey,
with a significant difference after ten months of installation. The results indicate that the brushwood was attractive to
the fauna and provided new habitats and coexistence between different fauna groups during the monitored period.
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1. INTRODUCTION AND OBJECTIVES

Mining has drastic effects on the soil, removing vegetation
and exposing the deeper layers of the profile. Without any
vegetation cover and resilience to promote natural regeneration,
this activity promotes a gradual fragmentation of the local
landscape (Cabral & Albuquerque, 2012; Mechi & Sanches, 2010).

The recovery of these areas is primarily based on
reestablishing vegetation cover and chemical, physical and
biological soil attributes (Oliveira Filho et al., 2014). However,
simply revegetating an area does not guarantee its restoration,
as this process tends to homogenize the environment and
consequently reduce the diversity of fauna groups.

Thus, most studies tend to only evaluate the return and
development of vegetation in ecological restoration processes

(Jesus et al., 2016; Pais & Varanda, 2010). Studies addressing
fauna communities in the restoration process are still incipient
in Brazil (Vergilio et al., 2013). The fauna is generally a little
addressed indicator in studies that use nucleating techniques
for ecological restoration, including brushwood (Fragoso et
al., 2017; Oliveira & Engel, 2017).

One way to promote the relationship of fauna with mined
areas under restoration is to offer new habitats which were
previously non-existent at the site and tend to attract populations
of different groups. Brushwood transposition consists of piles
of forest residues or firewood allocated in the degraded area
and act as a natural shelter for animals against predators and
excessive solar heating (Reis et al., 2014).

This technique is suitable for areas affected by large soil
removal, as piles of organic matter fully decompose over
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time and form layers of humus, thereby restoring soil biota
and providing appropriate shelter and microhabitats for
developing basic food chain groups (Reis et al., 2010; Vergilio
et al.,, 2013) that tend to become more complex over time.

Given this context, this study evaluated the attractiveness
potential of fauna in terms of quality and quantity of fauna
orders through transpositioning of brushwood in a mined
area undergoing ecological restoration.

2. MATERIALS AND METHODS
2.1. Study area

The study area is located in Guaiba, RS (Figure 1) and
consists of approximately 0.4 ha of a clay mining pit whose
extraction activity was closed about 19 years ago. The area is
characterized by exposed saprolite of granitic origin subjected
to erosive processes intensified by the escarpment angle of
the mining pit slope to the south. The area is also subjected
to periodic flooding from a lake (Figure 1) on its north side.
The vegetation cover is generally incipient and constituted of
grasses and herbs, which confers low local resilience.

According to the Kdppen classification, the climate of the
region is Cfa, subtropical humid with hot summers and no
defined dry season. The average annual rainfall is 1455 mm,
with an average temperature of 18.8 °C, a maximum of 24.4 °C
and a minimum of 13.9 °C (Alvares et al., 2013).

The study region presents elements of a Semi-deciduous
Seasonal Forest in an area of ecological stress in contact with
the Pampa Biome, with the Seasonal Forest of the Atlantic
Forest Biome being located to the north on the edge of the
plateau. The surrounding vegetation matrix is characterized
by a mosaic composed of Eucalyptus sp. (monoculture)
and secondary forest fragments undergoing early natural
regeneration. The soil was classified by Felker et al. (2018)
as Haplic Cambisol of granitic origin.

2.2. Implementation of brushwood

The brushwood transposition was carried out in August
2016 to fill portions of soil without vegetation cover, randomly
allocated and equally distributed in the area. Sixteen nuclei
of 2 m? in area and 1 m in height were transposed into the
study area, which has approximately 0.4 ha.

The nuclei were composed of tree branches, leaves, trunks,
seeds and flowers, as well as shrubs, herbaceous and liana
species from early regeneration areas located approximately
1 km away from the study site.

The brushwood was placed on trellises made of green bamboo
(Bambusa tuldoides Munro.) with dimensions of 2 m x 1 m
and tied with wire. This method is innovative and aimed at
making the brushwood portable, having been developed for
collecting variables below the nuclei with minimal interference
on the ecological system in process of formation (Figure 2).

Figure 1. Location of the study area, characterized as an abandoned mining pit in the Guaiba County, Rio Grande do Sul, Brazil.
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Figure 2. Brushwood and monitoring mechanism implementation: (a) bamboo trellis used as support; (b) brushwood arrangement; (c)
brushwood monitoring; (d) environment under the brushwood during monitoring with occurrence of fauna groups.

2.3. Data collection and analysis

The evaluation was carried out over one year, starting from
the brushwood implementation in August/2016. Fauna surveys
were then performed every two months after the implantation,
totaling six evaluations in October and December/2016, and
then in February, April, June and August/2017.

The method was non-destructive with no removal of material
or living organisms in order to interfere as little as possible
in the fauna composition. This methodology was adopted so
that the research could be carried forward while at the same
time maintaining the positive effects of the technique on-site.

No individuals or traces of the fauna were observed under
the brushwood interspersed with an organic matter layer on
the edges and between the branches. The bamboo trellises
were raised to an angle of approximately 45° for this analysis.
Individuals were identified on-site when possible using a
magnifying glass and photographed with a high resolution
camera for further analysis and identification. The data were
collected with use of daily observations between 10 a.m. and
2 p.m. for approximately 15 minutes on each brushwood pile.

The fauna was classified according to order and the
number of occurring taxonomic units was quantified within
each order. The fauna found in the brushwood was identified
to be the lowest possible taxonomic level.

Specific richness was evaluated according to the number
of taxonomic units of each order for each survey through the
rarefaction curves obtained in PAST version 2.17, according
to the Mao Tau method. These curves estimate the fauna
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taxonomic unit richness in comparison with each monitored
period (Gotelli & Colwell, 2001).

The average richness values of taxonomic units in each
order of each survey did not present normal distribution, which
was verified by the Shapiro-Wilk and Anderson Darling tests
applied in Assistat version 7.7. Thus, they were subjected to
the non-parametric Kruskal-Wallis test (p < 0.05) to compare
the mean values between the surveys.

The frequency of the different orders identified was
calculated to analyze the degree of participation of each one,
which is the relationship between the number of surveys in
which each order occurs, and the total number of surveys.

3. RESULTS

We recorded 23 orders during monitoring, including
insects, arachnids, amphibians, reptiles, mollusks, oligoquettes
and diplopods (Table 1). The most representative classes were
Insecta, making up 55.5% of the total, followed by Arachnida
with 20.6% and Amphibia with 10.3%.

The order with the largest number of taxonomic units
was Orthoptera (2), followed by the other orders which were
equivalent, with one record in the first survey. The main
orders in the second survey were Araneae (4) and Orthoptera
(4), followed by Anura (3). There was a predominance of
Araneae (5), Hymenoptera (5), Anura (2) and Coleoptera (2)
in the third evaluation. Hemiptera (5), Hymenoptera (4) and
Orthoptera (3) were among the most representative orders
in the fourth survey. The most significant orders in the fifth
evaluation were Araneae (6), Hymenoptera (5) and Orthoptera
(3), while in the last survey there was a predominance of
Hymenoptera (7), Anura (6) and Araneae (5).
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Table 1. Classes of animals (in alphabetical order) followed by the respective orders and taxonomic units recorded during brushwood
transposition surveys in a mining area in Guaiba County, Rio Grande do Sul, Brazil.

Taxonomic units recorded by survey

Anura 1 3
Amphibia
Gymnophiona 0 0
Araneae 1 4
Arachnida Opiliones 0 1
Scorpiones 1 1
Chilopoda Scolopendromorpha 0 0
Entognatha Collembola 0 0
Diplopoda Spirobolida 1 0
Gastropoda Pulmonata 0 1
Blattodea 1 2
Coleoptera 0 2
Diptera 0 1
Hemiptera 0 2
Hymenoptera 1 2
Insecta
Isoptera 1 1
Lepidoptera 0 1
Mantodea 0 0
Orthoptera 2 4
Phasmatodea 0 1
Malacostraca Isopoda 1 1
Oligochaeta Haplotaxida 0 0
Squamata 0 0
Reptilia
Lacertilia 0 0
Total 10 27

2 2 1 6 15 9.7
0 0 0 1 1 0.6
5 2 6 5 23 14.8
0 0 2 3 6 3.9
0 1 0 0 3 1.9
0 0 0 1 1 0.6
0 0 1 1 2 1.3
1 1 1 1 5 3.2
1 0 1 0 3 1.9
0 2 2 3 10 6.5
2 2 2 3 11 7.1
0 0 2 2 5 3.2
1 5 1 1 10 6.5
5 4 5 7 24 15.5
1 1 1 1 6 3.9
0 0 0 1 2 1.3
0 1 0 0 1 0.6
0 3 3 2 14 9.0
0 0 1 1 3 1.9
0 1 1 1 5 3.2
0 0 1 1 2 1.3
0 0 0 1 1 0.6
0 1 0 1 2 1.3
18 26 31 43 155

S1: October/2016; S2: December/2016; S3: February/2017; S4: April/2017; S5: June/2017; S6: August/2017.

The rarefaction curves showed the presence of a gradual
increase in the number of taxonomic units (Figure 3). The
second survey (Survey 2) stood out compared to the others
by presenting a high number of taxonomic units and orders
when compared with subsequent surveys (Survey 3 and
Survey 4) (Table 1). The last survey (Survey 6) recorded
the largest number of taxonomic units belonging to the
largest number of orders. The curve for this survey showed
no stabilization, which indicates a continuity trend in the
increase of taxonomic units over time.

An increase in the occupation of organisms of different
orders was observed, particularly in survey 5 (June/2017).

The means evaluated by the Kruskal-Wallis test differed
significantly from the fifth survey (Survey 5), remaining
constant until the last evaluation (Figure 4).

The orders with the highest absolute frequency
in the six surveys were Anura (frogs and tree frogs),
Araneae (spiders), Hymenoptera (ants), and Isoptera
(termites), which were present in all surveys (Figure 5).
In addition to these orders, we highlight the frequency
of Isopoda (Porcellionidae) and Collembola (terrestrial
microarthropods) due to their occurrence in large groups,
as well as Coleoptera (beetles) found in different stages
of their life cycle.
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Figure 3. Rarefaction curves of fauna taxonomic units found in the brushwood sites corresponding to each survey in a mining area in
Guaiba County, Rio Grande do Sul, Brazil.
Survey n: corresponds to each of the six performed surveys.
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Figure 4. Diversity of the fauna measured by the average number of orders found per brushwood in each survey in a mining area in
Guaiba County, Rio Grande do Sul, Brazil.
Means followed by the same letter did not differ statistically according to the Kruskal-Wallis test (p < 0.05).
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Figure 5. Absolute frequency of the orders found during the monwitoring period in the brushwood sites in a mining area in Guaiba
County, Rio Grande do Sul, Brazil.
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4. DISCUSSION

An increase in the occurrence of organisms of different
orders was observed starting from survey 4 (April/2017). The
degradation caused in mining areas is severe and causes major
changes, especially in the biological properties of the soil.
Thus, the return of soil fauna tends to be slow and gradual.
Soil invertebrates are severely damaged, but restoration aimed
at increasing organic matter tends to promote short and long
term increases in soil microbial biomass, which condition
the maintenance of other subsequent fauna communities
(Nunes et al., 2012).

Increases in the number of orders is related to decomposing
plant material over the monitored period and consequently
to an improvement in the environmental conditions of a
substrate which previously had no vegetation cover. The
quality of the vegetation cover, which acts as a source of
nutrients and shelter, is directly related to the richness of the
edaphic fauna (Rovedder et al., 2009). Considering a year of
brushwood transpositioning, it is possible to state that the
technique becomes functional regarding the establishment
of animals and organisms which coexist in the same habitat
starting from the eighth month.

Anura occurred in all surveys, and the Physalaemus
and Leptodactylus genera stood out among the most found
taxonomic units. Physalaemus species are widely distributed
in Brazil (Borges-Martins et al., 2007), inhabit open and
anthropized areas, and reproduce in wetlands, dams and
temporary lakes (Ribeiro et al., 2018). The diet of anurans
is mainly composed of beetles, isoptera, hymenoptera and
hemiptera (Leivas et al., 2018; Moser et al., 2017).

Leptodactylus species tend to breed in temporary pools
or ponds (Ribeiro et al., 2018) or build foam nests when they
need to decrease their reliance on aquatic environments in
altered sites (Bardier et al., 2014), being considered generalists
that are easily adapted to disturbed areas (Teles et al., 2018).
Their diet includes coleoptera and hymenoptera (Costa et al.,
2016). Borges-Martins et al. (2007) report that some anuran
genera take refuge and forage under trunks and litter, among
which are Physalaemus and Leptodactylus.

The lake next to the study area provides a favorable
environment for nesting the aforementioned anuran species,
while the galls provide a place for forage, where the occurrence
of invertebrate animals which are part of the diets of both
genera was verified. These anurans tend to attract new
species of predators contributing to the complexification of
the food chain.

In this context we can highlight the occurrence of a snake
observed under the brushwood in the last survey. It was a
Bothrops sp. (jararaca) belonging to the Squamata order.

Snakes beginning to appear may indicate that trophic levels
of the food chain are being reestablished and evidence the
presence of food supply, mainly related to the occurrence
of anurans, which are part of the Bothrop diet (Bisneto &
Kaefer, 2019).

Like Anura, the Araneae, Hymenoptera and Isoptera
orders were verified in all surveys (Figure 5) and have
relevant ecological functions. These orders are constituents
of the edaphic macrofauna and contribute to the main soil
ecosystem functions (Kamau et al., 2017).

Spiders occupy various microhabitats from different
natural environments and mainly feed on insects of the
most varied orders. Their most important role is to control
overpopulations of fauna groups that may destabilize the system
(Cardoso et al.,, 2011). The Lycosidae family is constituted
by a population of spiders associated with the brushwood.
They are typical of open areas; however, they have also
been observed to forage in litter looking for environments
with greater food availability when there is a lack of prey
(Francisco & Lise, 2014), which in this case are provided by
the brushwood. The data obtained by this author suggest that
spider populations can be extinct in places where there is no
possibility of refuge in extreme situations of environmental
stress, which emphasizes the importance of brushwood.

Ants were responsible for the high frequency of the
Hymenoptera order at the study site. Hymenoptera was
among the most abundant order (Vergilio et al., 2013) in
degraded areas under effect of restoration by brushwood
transposition. The higher occurrence of ant species may be
related to the higher accumulation of litter in the soil due to
the decomposing brushwood, which is a nesting and foraging
area for most species (Oliveira et al., 2016).

Ants are considered soil structuring (Forgarait, 1998)
as they improve physicochemical aspects of the substrate,
and are granivorous insects, capable of dispersing seeds of
plant species (Hughes & Westoby, 1992). The richness and
diversity of ant species tends to increase according to the
complexity of environments due to the greater availability of
niches present (Oliveira et al., 2016; Rocha et al., 2015). As
such, brushwood serves as an aggregator of ecological niches
that complexify the ecosystem, while offering microhabitats
which also did not previously exist in the area.

Termites (Isoptera order) were verified starting from the
first survey. They act rapidly in brushwood decomposition
and are considered ecosystem engineers (Dangerfield et
al., 1998; Jouquet et al., 2014; Lavelle et al., 2006). This
designation is due to its performance in direct benefits such
as nutrient cycling, soil aeration, soil movement between
layers, aggregate formation and decomposition of organic
material (Ferreira et al., 2011).
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In addition, termites reduce the risk of erosion by producing
burrows and underground nest structures that increase water
infiltration and by producing stable soil aggregates that improve
roughness by limiting superficial runoff (Evans et al., 2011).
The change in soil characteristics provided by termite activity
can promote necessary conditions for developing natural
vegetation in previously degraded soils (Jouquet et al., 2014).

Porcellionidae, a terrestrial family of order Isopoda, were
among the most important decomposers inhabiting the
brushwood, having been observed since the first survey. They
are described as saprophagous and primary decomposers,
feeding on decaying plant material which has already suffered
some microbial attack (Correia & Andrade, 2008).

Although not among the most frequent orders found
in the surveys, we highlight the occurrence of Coleoptera,
represented by the beetles of the Scarabaeidae family. These
insects were found at different stages of their life cycle, mainly
represented by individuals in the larval phase who built
tunnels and lodged in the 0 to 10 cm layer of the substrate.
These insects move nutrients between soil layers and aid
during cycling by building these tunnels and by telecoprism
behavior (the act of burying excrement spheres throughout
tunnels) (Silva et al., 2011).

More specific groups began to appear under the
brushwood from the fifth assessment on, which was not
registered until the eighth month of monitoring. This is the
case of collembolans, which are mesofauna organisms that
inhabit the soil-litter system and act on nutrient cycling,
both in the decomposition of organic matter and in feeding
fungi and bacteria (Bellini & Zeppelini, 2009). They are
sensitive to microclimatic variations such as temperature
and humidity, which determine a favorable habitat for their
reproduction and growth (Spiller et al., 2018). Therefore,
if there are collembolans under the brushwood, there is a
good indication that a microclimate which is favorable to the
species is being provided. These insects still serve as food for
other groups that are occurring in the brushwood such as
spiders (Araneae) and beetles (Coleoptera), being essential
in establishing trophic chains (Silva et al., 2013).

In a study assessing the immediate effect of brushwood
transposition in the arthropod community associated with
litter (mesofauna) in a degraded area in the Cerrado biome,
an immediate effect of brushwood was observed under
such populations, with increased abundance of arthropod
fauna in the litter after transposition (Vergilio et al., 2013).
This study observed an increase in the orders occurring in
the brushwood one year after implantation, which was also
observed in this study (Figure 4).

Brushwood tends to incorporate a new configuration
into the area under restoration and offers more microhabitat
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options for soil invertebrate populations. When compared
to traditional revegetation plantations, ecological restoration
typically includes richness of invertebrate species associated
with a more diverse habitat (Sélek et al., 2010).

It is expected that there will be complexification and
strengthening processes of trophic chains in the area with
the increase of soil macro and mesofauna, causing more
fauna groups to be attracted and perform their ecological
functions. As the decomposition process advances, brushwood
tends to increase the litter and improves the fertility of this
substrate through mineralizing nutrients. Thus, the seeds
which may have been brought in by the fauna find a favorable
environment for germination; a fact which previously did
not exist in places where the brushwood was implemented
since there were no basic supplies such as humidity.

Thus, brushwood transpositioning is a technique capable
of promoting roughness, not to modify its respective
topography, but as elements that stand out horizontally and
vertically in the local landscape. This roughness results in
benefits for establishing soil fauna in degraded areas, mainly
by attenuating the incidence of light and by conditioning a
higher nutrient and humidity accumulation (Aumond et al.,
2012; Aumond & Macaneiro, 2014).

5. CONCLUSIONS

There was a gradual increase in the occurrence of groups
of fauna associated with brushwood transpositions within a
year of monitoring, indicating their attractiveness. Considering
the monitored period, the brushwood areas provided new
habitats and coexistence between different fauna groups.

The methodology developed for data collection mainly
proved to be applicable due to its non-destruction of the
samples and low interference in the local fauna communities.
In addition, it assisted in monitoring indicators in ecological
restoration projects, in view of their rapid assessment.
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