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Abstract

The objective of this study was to evaluate the capacity as bioindicators of litter arthropodofauna in pasture restoration
in the Atlantic Forest Biome. Areas of native forest under natural regeneration, and pastures treated with different
ecological restoration techniques were evaluated, with pitfall traps. The sampling period was from April/2017 to
October/2018, bimonthly. Families Ptiliidae, Staphylinidae, and Leiodidae, species Pheidole cf. sarcina (Formicidae)
and Mastigoceras sp. 1 and Szeptyckitheca sp. 1 (Collembola) were indicators of well-conserved areas, whereas
families Cicadellidae and Delphacidae, Formicidae species Wasmannia auropunctata (Roger, 1863) and Camponotus
melanoticus Emery, 1894 were indicators of degraded areas. From the springtail community, species richness is a
metric that can be used as a bioindicator. It was observed that all taxonomic identification levels allowed for the
differentiation of the environmental conditions of the sampling areas, with less specific identification levels, such
as family, possibly indicating changes in areas under the restoration process.
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1. INTRODUCTION AND OBJECTIVES

Insects constitute the most diverse faunal group (Lewinsohn
& Prado, 2005) and are involved in almost all ecological
processes that occur in ecosystems (Lavelle et al., 2006). They
are also notable for being one of the main groups providing
ecosystem services, directly or indirectly benefiting humans
through regulation, provision, support, and cultural services
(Schowalter et al., 2018; Dangles & Casas, 2019). Within this
group, the ants (Hymenoptera: Formicidae) are an exceptional
group because of their abundance, diversity, and functional
importance, and are known as ecosystem engineers (Jones et
al., 1994). Another notable group for its representativeness
is the springtails (Hexapoda: Collembola) (Cassagne et al.,
2003), which are small arthropods that act on soil formation,
litter fragmentation, and fauna excrement (Rusek, 1998).

The Atlantic Rain Forest is recognized as one of the most
endangered forests in the world because of anthropogenic
use (Myers et al., 2000) and is exposed to different sources of
degradation (Joly et al., 2014). In the State of Santa Catarina,

the Ombrophilous Dense Forest phytophysiognomy has been
reduced to 40.10% of its original cover and mostly consists of
fragments of up to 50ha (Vibrans et al., 2013). Consequently,
there are negative changes in the community of insect fauna
(Bourgetal,, 2016; Salomao et al., 2018), ant fauna (Silva et al.,
2007), and springtail fauna (Rusek, 1998; Zeppelini et al., 2009).

Restoration consists of reverting a degraded ecosystem
to an undegraded condition or as close as possible to its
original condition (Brasil, 2000), considering aspects of
biodiversity and ecological processes (SER, 2004). Restoration
monitoring aims to provide information on the progress of
the restoration process in the area (SER, 2004). One way
to monitor the progress is by using indicators, which may
reflect environmental conditions (Brancalion et al., 2012).
Plant community parameters are often used as indicators of
restoration (Suganuma & Durigan, 2015). However, forest
ecosystems are highly complex, and for efficient observation
of restoration strategies, multiple functional, structural, and
compositional variables (Gatica-Saavedra et al., 2017) as
well as ecological processes that reflect other attributes of
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the ecosystems (Herrick et al., 2006) must be considered.
In this context, faunal groups can provide effective data on
ecosystem restoration (Majer, 2009; Cole et al., 2016).

In this context, insects have been considered a good
alternative as bioindicators of degraded areas during the
process of restoration. In addition to their representativeness
and ecological importance, they are easy to sample, have a
high reproductive capacity which does not cause imbalances
in the community because of sampling, a short period between
generations, different degrees of sensitivity, and rapid response
to changes in the environment (Louzada & Zanetti, 2013).
However, the disadvantage is that many tropical species are
still unknown, leading to the unavailability of identification
keys (Grimbacher et al., 2007) and the need for species-
identification specialists. Nonetheless, this disadvantage
can be overcome by using higher or less specific taxonomic
identification levels, in addition to the classification by
functional groups, which are useful in differentiating areas
(Nakamura et al., 2007).

Thus, the objective of this study was to test the assumption
that some litter arthropods may be efficient bioindicators for
monitoring restoration techniques in pasture-degraded areas,
having potential for application in restoration monitoring
programs. The following hypotheses were tested: (1) the
composition of the litter insect and springtail community
changes because of environmental heterogeneity resulting
from different restoration techniques; (2) families of the class
Insecta and species of Formicidae and Collembola from the
litter respond differently to environmental heterogeneity; and
(3) identification at the family level allows the comparison
of areas with environmental heterogeneity.

2. MATERIALS AND METHODS
2.1. Study sites

The study was conducted in areas of Serra do Itajai National
Park (SINP) (27°00’ and 27°17°S,49°01" and 49°21’W), Santa
Catarina State, South Brazil. The study area is located in a
300 ha degraded area known as the Faxinal do Bepe, inside
the park, in the municipality of Indaial. The occupation of
Faxinal do Bepe began in 1953, which was a year marked
by the exploitation of the native species for wood and non-
timber purposes, such as the establishment of agricultural
plantations, silviculture activities, and pastures. The altitude
ranges from 600 to 800m, with an average annual temperature
0f 20 °C, a relative humidity of approximately 84%, and average
rainfall between 1,500 and 1,600 mm, with well-distributed
rainfall throughout the year (Wrege et al., 2009). According
to the Képpen classification, the predominant climate in the

region is humid mesothermic subtropical with a hot summer
(Cfa) (Alvares et al., 2013). The vegetation of the region is
classified as Ombrophilous Dense Montana Forest, Atlantic
Forest Biome (IBGE, 2012).

Sampling areas consist of native forest, natural regeneration,
and three pasture areas. Since 2014 the pasture areas have
been in the process of restoration using different nucleation
techniques. Thus, five treatments were determined:

o Native forest (FOR): reference area, at an advanced stage
of regeneration, with a substantial wealth of arboreal
and herbaceous species with a continuous sampling
area with size of 12 ha (27°6’19.80”S, 49°11°36,00”W;
average altitude, 765m). The native forests surrounds
the degraded area of 300 ha — Faxinal do Bepe.

o Natural regeneration (REG): areas at the edge of native
forest, noncontinuous, with vegetation at an intermediate
stage of succession, where a typical Ombrophilous
Dense Montana Forest regeneration with arboreal and
shrub species have been recorded (Adenesky-Filho
et al., 2017; Magcaneiro et al., 2017) with a total area
for sampling of 12 ha (27°6’30.60”S, 49°11'46.71”W;
average altitude, 692m).

o Seedlings planting (PLA): Pasture areas with the
nucleation technique of seedling planting in modules
installed. Selection of species for seedling planting
was based on the floristic-forest inventory conducted
in the SINP areas (Vitorino & Adenesky-Filho, 2018;
Schorn & Maganeiro, 2018) with a noncontinuous areas
with a total area for sampling of 12 ha (27°6’45.007S,
49°12°12.60”W; average altitude, 639m).

o Artificial perches (PER): pasture areas with the nucleation
technique of artificial perches installed. The presence of
representative coverage of Pteridium aquilinum (L) Kuhn
(Dennstaedtiaceae) was observed in the herbaceous
stratum in this areas (Schorn & Magcaneiro, 2018),
noncontinuous areas with a total area for sampling of 12
ha (27°6735.40”S, 49°12’4.20” W; average altitude, 661m).

o Leaf litter transposition (LIT): pasture area with the
nucleation technique of LIT installed, noncontinuous
areas with a total area for sampling of 12 ha (27°6’58.20”S,
49°12°34.80”W; average altitude, 637m).

A more detailed description of the areas and nucleation
techniques used is in Appendix A.

2.2. Insecta and Collembola sampling

Sampling was conducted from April/2017 to October/2018,
bimonthly, totaling 10 collections. In each treatment, we
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established eight sampling points (replicates), 20m distant
from each other, randomized every 2 months inside the
treatment areas. The samples were collected by the installation
of pitfall traps (height: 18.5 cm; upper diameter: 21.5 cm;
bottom diameter: 17 cm) containing water, alcohol (70%),
and biodegradable detergent, which remained in the field
for a period of three nights. All material contained in the
traps was screened, counted, and identified. Identification
was performed at the order and family levels by using the
dichotomous keys in Triplehorn & Johnson (2011) and
Rafael et al. (2012). Formicidae species were identified
by Guilherme Alan Klunk from Forest Monitoring and
Protection Laboratory (LAMPF) of the Regional University
of Blumenau (FURB) using Baccaro et al. (2005), and
confirmed by Alexandre Casadei Ferreira, Thiago Sanches
Ranzani da Silva and Dr. Rodrigo dos Santos Machado
Feitosa from Federal University of Parana — Universidade
Federal do Parand (UFPR). The springtails were screened,
counted, morpho-specified, counted, and diaphanized in
Nesbitt liquid and fixed in semi-permanent slides in Hoyer’s
liquid (Palacios Vargas et al., 2013). The identification was
performed using the dichotomous keys available in Bretfeld
(1999), Zeppelini (2012), and Bellinger et al. (1996-2019)
and species were identified or confirmed by Dr. Douglas
Zeppelini Filho from Paraiba State University -Universidade
Estadual da Paraiba (UEPB). Specimens were incorporated
into the entomological collection of the Forest Monitoring
and Protection Laboratory (LAMPF) of the Regional
University of Blumenau (FURB).

2.3. Statistical analysis

Families in the class Insecta were classified according to
Friebe (1983) in dominance categories divided into eudominant,
dominant, subdominant, recessive, and rare (Appendix A).
The total richness of Formicidae species, total abundance
of Insecta and Collembola, and Insecta families classified as
dominant, endominant, and subdominant were subjected to
the Shapiro-Wilk normality test and, later, to the Kruskal-
Wallis test (p < 0.05) and Mann-Whitney post-hoc test for
nonparametric data and an analysis of variance (ANOVA)
and Tukey test (p < 0.05) for parametric data.

To evaluate litter insect fauna in the different treatments,
Wardle's index V (1995) was applied to families classified as
eudominant, dominant, subdominant, and recessive. The index
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creates a relationship between abundance in the unmanaged
area (FOR) and the anthropized areas (REG, PER, LIT, PLA)
(Appendix A). The index was applied to two datasets (year
1: April/2017 to December/2017 and year 2: February/2018
to October/2018) to determine whether there were changes
in the inhibition categories of each family in the different
areas from one year to the next.

For the Formicidae and Collembola species, the individual
indicator value (IndVal) was determined to identify indicator
species or groups (Dufréne & Legendre, 1997). The significance
value for each species was determined by the Monte Carlo
test, with 4,999 permutations.

To test for differences in the composition of the arthropod
community, ordinances were generated from non-metric
multidimensional scaling (NMDS) (Borcard et al., 2011)
based on the Bray-Curtis dissimilarity. Ordinances were
generated for the Insecta families, Formicidae species, and
Collembola species data groups, considering one year of
sampling (August/2017 to June/2018). In the Insecta family
data matrix, the abundance data for the Formicidae family
were excluded because of the social habits of this group. To
test the significance of differences in group composition, for
each map generated by NMDS, the permutation multivariate
analysis of variance (PERMANOVA) analysis was performed
at the 5% significance level (Anderson, 2001). The analyses
were performed using R (R Development Core Team 2009)
and PAST version 3.22 (Hammer et al., 2001).

3. RESULTS AND DISCUSSION

A total of 53,147 litter arthropods were collected, with
53.38% in the class Insecta (distributed in 15 orders and
155 families) and 46.62% in the class Collembola. Insecta
was statistically more abundant in native forest, natural
regeneration, and LIT areas (K = 11.66; p = 0.020) (Figure
1-A). No significant differences were observed in Collembola
abundance among the sample areas (K = 4.73; p = 0.315)
(Figure 1-A).

Of the 155 insect families collected, two were classified
as eudominant, three as dominant, six as subdominant,
five as recessive, and 138 as rare (Table S2; Appendix C).
Families Ptiliidae, Staphylinidae, Leiodidae, and Phoridae
were statistically more abundant in native forest and natural
regeneration areas. Cicadellidae and Delphacidae showed an
inverse pattern, being more abundant in pasture areas (Table 1).
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Figure 1. A) Total number of individuals of class Collembola and Insecta; B) Formicidae species richness in sample areas; C) Collembola
species richness in sample areas. FOR - native forest; REG - natural regeneration; PLA - seedlings planting; PER - artificial perches;

LIT - leaf litter transposition.

Table 1. Abundance of Insecta families classified as eudominant, dominant, and subdominant in the sample areas.

Staphylinidae* 988 a 1797 a 272b 177 b 211b 0.0002
Ptiliidae* 915a 1179 a 34b 41b 68 b <0.0001
Leiodidae* 171a 139 a 13b 14 b 15b <0.0001
Nitidulidae 117 52 66 49 52 0.1281
Chalcidoidea 294 257 244 228 189 0.8222
Cicadellidae* 60 a 87 a 477 bc 336b 237 ¢ <0.0001
Delphacidae* 15a 24a 138 ab 79b 115b 0.0028
Gryllidae 402 143 141 127 125 0.4625
Sciaridae 68 336 219 91 20 0.0734
Phoridae* 268 a 244 ab 49 ¢ 70 be 86 bc 0.0051
Sphaeroceridae 16 3 139 111 132 0.0628

*Values followed by the same letter are not statistically different according to the Kruskal-Wallis and Mann-Whitney post-hoc test (p < 0.05). FOR - native forest;
REG - natural regeneration; PLA - seedlings planting; PER - artificial perches; LIT - leaf litter transposition.

From the families collected, 16 were analyzed using
Wardle’s V index (Table S1, Appendix B). In the first sampling
year, all treatment sample areas, except natural regeneration,
showed more than 50% of the families in the categories of
extreme and moderate inhibition. For natural regeneration,
the highest percentage (~60%) was observed in the category
of slight inhibition (Figure 2-A). In the second sampling year,
in areas of natural regeneration treatment, approximately 60%
of families were recorded in the categories of stimulation and
no change (Figure 2-B). The Aphididae and Sphaeroceridae
families were extremely stimulated in all treatment areas,
except natural regeneration. Ptiliidae, Staphylinidae, and
Tipulidae were inhibited in all treatment areas, except the
area of natural regeneration (Table S1, Appendix B).

For Formicidae, 2,253 individuals were collected from
seven subfamilies, 24 genera, and 95 species (Table S4,
Appendix D). We observed the highest species richness in

'S

the natural regeneration area, followed by the native forest.
Species richness did not differ statistically among sampled
areas (F= 0.42; p= 0.79) (Figure 1-B).

Over the total sampling period, 13,294 springtails were
collected. From August/2017 to June/2018, 3,841 individuals
were collected and subsequently distributed into three orders,
nine families, 19 genera, and 20 species (Table S3, Appendix
D). Species richness differed significantly among treatment
areas (F=9.09, p= 0.0001), being higher in the native forest
area, followed by natural regeneration (Figure 1-C).

For Formicidae, IndVal presented 12 indicator species,
with the largest number of species observed in the native
forest area and five species indicating areas in the initial
restoration process (Table 2). For Collembola, 11 indicator
species were observed, with the largest number observed in
the native forest area (n=8). Only two species were indicative
of areas with nucleation techniques (Table 2).
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Figure 2. Results (%) of the application of Wardle V index (Wardle, 1995) in the data for families of the class Insecta in sampled areas in
the first (A) and second (B) sampling years. REG - natural regeneration; PLA - seedlings planting; PER - artificial perches; LIT - leaf
litter transposition.

Table 2. Formicidae and Collembola species indicators in the areas from Faxinal do Bepe, PNSI, SC.

Formicidae Species
Species Area IndVal p*

Pheidole cf. sarcina 77.77 0.001
Nylanderia sp. 6 55.55 0.001
Gnamptogenys striatula Mayr, 1884 FOR 48.83 0.003
Oxyepoecus reticulatus Kempf, 1974 48.61 0.003
Acromyrmex aspersus (Smith, 1858) 33.33 0.032
Pheidole cf. sigillata 33.33 0.021
Acromyrmex subterraneus (Forel, 1893) REG 33.33 0.039
Cyphomyrmex cf. minutus PLA 38.78 0.014
Linepithema sp.2 38.09 0.047
Wasmannia auropunctata (Roger, 1863) PER 56.39 0.005
Pheidole sp.1 41.26 0.027
Camponotus melanoticus Emery, 1894 LIT 66.66 0.001
Collembola Species
Species Area IndVal p*
Mastigoceras sp. 1 93.75 0.001
Szeptyckitheca sp. 1 83.33 0.001
Pseudosinella sp. 1 66.66 0.003
Temeritas sp. 1 63.88 0.002
: FOR
Sernatropiella sp. 1 59.17 0.019
Dicranocentrus sp. 1 57.40 0.008
Lepidocyrtus sp. 1 56.20 0.013
Acanthocyrtus sp. nov. 50.00 0.028
Ptenothrix sp. 1 REG 51.06 0.001
Lepidonella sp. 1 PER 37.86 0.011
Entomobrya sp. 1 LIT 49.84 0.011

*Probability resulting from the permutation test.

The composition of the Insecta families and the NMDS
and PERMANOVA evaluations exhibited significant
differences among the treatment areas (stress= 0.13; F= 4.25;
p = 0.0001), Formicidae species (stress= 0.19; F= 2.89; p=
0.0001), and Collembola species (stress= 0.19; F= 2.73; p=
0.0004) (Figure 3; Table 3). All identification levels analyzed

Floresta e Ambiente 2021; 28(4): €20210008

(family and species) allowed discrimination between the
treatments or the vegetation stage of succession. The native
forest area was statistically different from all other sampled
areas for all groups analyzed, except for Insecta families
and Collembola species, where it was statistically similar to
natural regeneration areas (Table 3).
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Figure 3. Ranking by NMDS (Non-Metric Multidimensional Scaling) of sampled areas in the Faxinal do Bepe, PNSI, SC.

Table 3. PERMANOVA results based on the Bray-Curtis similarity matrix for the matrices of the Insecta families, Formicidae species,
and Collembola species. P values followed by * indicate significant differences at p < 0.05. REG - natural regeneration; PLA - seedlings

planting; PER - artificial perches; LIT - leaf litter transposition.

Insecta Families - PERMANOVA (F: 4,25; p: 0,0001)

PLA REG LIT
FOR 0.0030* 0.0045* 0.2302 0.0054*
PLA - 0.2087 0.0030* 0.2988
PER 0.0046* 0.2630
REG - 0.0054*

PLA REG LIT
FOR 0.0024* 0.0024* 0.0066* 0.0015*
PLA - 0.104 0.0176* 0.125
PER 0.0096* 0.0528
REG - 0.0791

PLA REG LIT
FOR 0.0888 0.0061* 0.6243 0.0014*
PLA - 0.0366* 0.1185 0.4946
PER 0.0085* 0.0041*
REG - 0.0049*

3.1. Class Insecta families

From the analysis of the composition of Insecta families,
it was possible to observe the differences in the composition
of the litter insect fauna between the areas with developed
tree coverage (native forest and natural regeneration) and
pasture areas in the initial succession process. We believe that
these differences are related to aspects of vegetation cover
that directly and indirectly influence litter, such as species
diversity and canopy shading.

Through statistical analysis of the abundance of families in
the sampled areas, it was observed that the families Ptiliidae,

Staphylinidae, Leiodidae, and Phoridae were representative of
the areas with an advanced stage of succession, indicating the
preference of these organisms for well-rounded, structured,
litter-shaded, and shaded areas. Family Ptiliidae is composed
of fungivorous beetles (Darby & Chaboo, 2015); therefore,
they inhabit places where decaying organic matter and stable
microclimatic conditions are present, which explains why this
family is extremely inhibited in pasture sampling areas. Areas
with tree vegetation supported higher moisture in the litter
and lower light, favoring the proliferation of fungi, which is
the food resource of these organisms (Marinoni & Ganho,
2003). In this context, because of their food specialization

Floresta e Ambiente 2021; 28(4): 20210008



and the demands of environmental conditions, ptilids are
good bioindicators of the restoration of degraded areas of the
Atlantic Rain Forest. Other favorable characteristics for the
use of this family as bioindicators are the ease of identification
in which they differ from the other beetles by the presence of
bristle fringes on their membranous wing margins (Casari
& Ide, 2012) that are easy to observe under a stereoscopic
microscope or magnifying glass as well as because they were
classified as eudominant, being a representative family of
litter insect fauna. Frequently, this family is a representative
of insect fauna surveys at the soil-litter interface (Marinoni
& Ganho, 2003; Brito-Silva et al., 2016).

The Leiodidae family is mainly formed by detritivorous
insects (Casari & Ide, 2012). Some species are fungivorous
and their eating habits have revealed that litter deposition and
the presence of woody material provide food resources for
these organisms (Chandler & Peck,,1992). The Staphylinidae
family is often the most abundant in Coleoptera surveys
(Hopp et al., 2003; Marinoni & Ganho, 2010), forming an
extremely varied group that exploits a wide range of food
resources and includes predators and detritivores. Our data
show the preference of these organisms for environments in
more advanced stages of ecological succession, where there is
greater availability of resources, such as litter formation for
detritivores and the presence of invertebrates for predators.
Our results corroborate those observed by Hopp et al. (2010),
who analyzed the chronosequence of forest regeneration in
the Atlantic Forest, phytophysiognomy Ombrophilous Dense
Submontane Forest.

Families Cicadellidae and Delphacidae (Hemiptera) were
representative of pasture areas under restoration, indicating
that these organisms have high tolerance to environmental
changes as these families were stimulated. Beiroz et al., (2014)
observed the order Hemiptera as an indicator of pasture.

Wardle inhibition categories revealed the same pattern
observed from household abundance analysis, where families,
such as Ptiliidae, Staphylinidae, Leiodidae, and Phoridae
were inhibited in areas undergoing initial restoration and
some were stimulated in areas with nucleation techniques.
These families occupy higher trophic levels, such as predation
and fungivory, and indicate the effects of degradation on
ecological interactions and also that the succession process
is in its early stages. In general, it was observed that in
areas under restoration, families associated with pastures
were stimulated, whereas families associated with forest
environments were inhibited.

The extreme stimulation of the families Aphididae,
Delphacidae, and Sphaeroceridae in these areas indicates
the high tolerance and adaptation of these families to the
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anthropization of the environment, either because of the
availability of food resources, reduced competition, and/or
tolerance to microclimate changes. Species found in pasture
areas tend to be generalists and/or are characteristic of open
environments (Beiroz et al., 2014).

In the area of artificial perches, the highest occurrence
of extremely inhibited families was observed, which may be
related to the presence of the species Pteridium aquilinum
(Schorn & Maganeiro, 2018). This species is highly competitive,
with a high adaptive capacity and resistance to unfavorable
climates and insect and pathogen attacks (Hojo-Souza et al.,
2010). They may compromise natural regeneration (Ribeiro
et al., 2013; Brandao et al., 2016) and were characterized in
a model of ecological succession by inhibition (Connel &
Slatyer, 1977). This inhibition of regeneration may affect the
processes of litter arthropod recolonization, causing a delay
in the restoration process.

3.2. Formicidae species

Species richness in the native forest area was lower than
that of the natural regeneration area and did not differ
statistically from pasture areas under the restoration process.
A possible explanation for this lack of significance is the
presence of forest fragments near the study areas, which
may act as sources of recolonization for ants (Schmidt et al.,
2013). However, from NMDS and the PERMANOVA, the
species composition of the native forest area was statistically
different from that of the other sampled areas, allowing the
observation of the gradient of ecological succession of these
areas. Other studies have also reported this difference in the
composition of ant assemblages between forest, grassland,
and different levels of ecological succession (see Nakamura
etal., 2007; Silva et al., 2007; Schmidt et al., 2013). According
to Schmidt et al., (2013), the difference between ant species
when comparing pasture areas and forest remnants at different
times of secondary succession is reinforced by the age of the
remnant. According to the same authors, this difference can
be explained by the development of vegetation cover, which
negatively affects open and warm areas and increases shaded
and cold environments.

Pheidole cf. sarcina was an indicator of the native forest
area. They have varied eating habits, ranging from generalist
to omnivorous predators (Brandao et al.,, 2012). Its high
indication value observed in the native forest area shows
specificity and fidelity to forest environments, which may be
related to the litter component and vegetation cover of the
area. With successional advancement, canopy closure and
shading increase, resulting in decreased leaf deposition and
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increased litter deposition (Bianchin et al., 2016), favoring the
establishment of P. sarcina, Forel, 1912 because this species
presents the behavior of colonizing branches present in the
litter (Fernandes et al., 2018).

The species Wasmannia auropunctata and Camponotus
melanoticus were indicative of areas with artificial perches
and LIT; that is, they indicated areas in the initial process
of ecological restoration, with characteristics of open
environments. W. auropunctata have an omnivorous habit in
its natural ecosystem, this species is competitive and dominant
in disturbed environments (Orivel et al., 2009; Rosumek,
2017). For C. melanoticus, there is little information regarding
its biology and ecology. Neves et al., (2013) classified this
species as a dominant tree species, because they nest in trees
and show very active and aggressive behavior. Our results
suggest a preference of this species for open and disturbed
environments, corroborating Schmidt et al., (2013) in that this
species occurs preferentially in pasture areas in the seasonal
forest regions of the Atlantic Forest.

3.3. Collembola species

The number of trees, crown diameter, and litter depth
are parameters of the plant community that are positively
correlated with the richness of springtail species (Zeppelini
etal., 2009), which explains the higher species richness in the
most advanced successional stage areas. These factors also
explain the differences in species composition observed by
NMDS and PERMANOVA, with a marked difference between
the sample areas where the tree component was absent or
present. Our data corroborate those of Baretta et al. (2008)
and Zeppelini et al. (2009).

The greater number of native forest indicator species
is indicative of the preference of the springtails for forest
environments in the advanced conservation stage. The low
indication values in the areas of natural regeneration and
restoration processes indicated that few species were able
to tolerate environmental changes resulting from vegetation
suppression, which highlights the sensitivity of the springtails
to its changes and bioindicator capacity.

Surveys to analyze Collembola’s biology and indicating
their capacity in the Atlantic Forest are scarce, especially in
southern Brazil. Some experiments have used eco-morphological
features rather than taxonomic identification in ecological
restoration scenarios or environments with different land
uses (e.g., Oliveira Filho et al., 2016; Winck et al., 2017).
Thus, the ecology information and responses of different
species in restoration scenarios are incipient. The highest
indicator values of Mastigoceras sp. 1 and Szeptyckitheca sp.

1 for native forest areas indicated that these species have
a preference for conserved environments. Zeppelini et al.
(2019) reported the presence of Szeptyckitheca on litter in
preserved areas of the Atlantic Forest in the municipality of
Jundiai, State of Sao Paulo.

3.4. Taxonomy identification level

All taxonomic identification levels discriminated pasture
sampling areas from regeneration and native forest areas.
Observing differences in the arthropod community is useful
for observing environmental changes and use as bioindicators,
which was confirmed in our survey and corroborated that
of other surveys (see Nakamura et al., 2007). Changes in
species composition during the advancement of ecological
succession were observed by Hopp et al. (2010) in the beetle
community (Insecta: Coleoptera).

Many factors determine the robustness of the invertebrate
community in detecting changes that occur in ecosystems,
including sample sufficiency, types of data analysis, the level of
taxonomic identification, and the difference between environmental
gradients (Grimbacher et al., 2007). The same authors, when
analyzing the community of beetles (Coleoptera) collected with
interception flight traps in Australia, observed that less specific
identification levels (families) exhibited better performance
than when using species and univariate tests comparing areas
of rainforest and pasture. Nakamura et al. (2007) concluded
that the use of deeper taxonomic levels (e.g., Formicidae
genera or species) does not necessarily increase robustness
levels when considering less specific identification levels (e.g.,
order Arthropoda). Similar conclusions were observed in our
results, where all levels of taxonomic identification allowed us
to observe differences between sample areas.

4. CONCLUSIONS

Composition of Insecta families and species in Formicidae
and Collembola followed the successional pattern of the
sampled areas and was an effective metric for restoration
monitoring. Species richness of the springtail community
was a bioindicator parameter.

Families Staphylinidae, Leiodidae, and Phoridae, and species
Pheidole sarcina, Mastigoceras sp. 1, and Szeptyckitheca sp. 1
were bioindicators of conserved areas. Families Cicadellidae
and Delphacidae, and species Camponotus melanoticus and
Wasmannia auropunctata were bioindicators of disturbed
areas in early stages of restoration.

Less specific identification levels from the class Insecta
(family) may be used as bioindicators.
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