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ABSTRACT
The edaphic macrofauna may reflect changes in soil use. This study aimed to answer two questions: 
(1) Has the management of eucalyptus by girdling, promote stimulation or inhibition in the guilds 
of the edaphic macrofauna? (2) Can soil macrofauna be used as an indicator of the recovery of 
abandoned eucalyptus areas? For that purpose, we compared the composition and diversity of the 
edaphic macrofauna in areas of secondary forest, abandoned non-girdled eucalyptus plantations 
and girdled eucalyptus plantations. The secondary forest presented greater richness, abundance 
and diversity of edaphic macrofauna, followed by areas of girdled eucalyptus, with the lowest 
values found in areas with non-girdled eucalyptus. Therefore, the edaphic macrofauna responded 
to the management by girdling, through the stimulation of the taxonomic groups in the different 
guilds and can be indicated as a good indicator of the recovery of disturbed areas.
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1. INTRODUCTION

The decomposition of organic matter in the soil is an 
essential biological process for the ecosystem, being the 
main path of carbon and nitrogen cycling (Handa et al., 
2014; Crotty et al., 2014; Laird-Hopkins et al., 2017; 
Yin et al., 2019). The mineralization and immobilization 
of nutrients are carried out by a variety of structured 
organisms in a complex trophic network: decomposers 
microorganisms; invertebrates of the soil that act as 
consumers, and the plants, which produce the litterfall 
(Coyle et al., 2017; Tacca et al., 2017).

The edaphic fauna establishment, especially the 
macrofauna, is due to the quality and quantity of the 
deciduous material, mainly in tropical environments 
(Handa et al., 2014; Borges et al., 2019). The interaction 
of the edaphic macrofauna with the decomposers 
microorganisms and the plants is able to modify 
functional and structurally the soil, exerting a regulation 
on the nutrients decomposition and cycling processes 
(Marx et al., 2016; Coyle et al., 2017; Laird-Hopkins et al., 
2017; Wu & Wang, 2019).

The morphological, physiological and behavioral 
characteristics of the edaphic macrofauna determine 
the type of feeding and movement of these organisms. 
The shape (soil ingestion, use of the jaws, drilling 
or excavation) and the direction (horizontal and 
vertical) of this organisms’ displacement promote 
the fragmentation and distribution of organic matter 
and nutrients and the aeration and infiltration of 
water in the soil (Melo et al., 2009; Baretta et al., 2011; 
Correia et al., 2018).

Studies in terrestrial and aquatic environments from 
the subarctic to the tropics have shown that the loss 
of decomposing organisms’ functional diversity from 
the soil macrofauna and litterfall types of plants has 
reduced the decomposition of litterfall and, consequently, 
the cycling of most of the elements (Silva et al., 2012; 
Laird-Hopkins  et  al., 2017; Amazonas  et  al., 2018; 
Ferreira et al., 2018).

Changes in land use and forest fragmentation 
have been one of the changing factors in the structure 
and composition of the soil macrofauna community 
(Baretta et al., 2011; Maestri et al., 2013; Camara et al., 
2018; Silva et al., 2018; Nunes et al., 2019). Studies 
have verified that this effect also occurs when native 
forests are replaced by monocultures, even though 

forest (Suguituru  et  al., 2011; Camara  et  al., 2012; 
Silva et al., 2012; Marques et al., 2014; Tacca et al., 2017; 
Rodrigues et al., 2017; Kooch et al., 2018).

This capacity of the soil macrofauna to reflect 
changes occurring in soil and litterfall due to the 
fragmentation of the environments and the changes 
in soil use allow the pedofauna to be an efficient 
ecological indicator to access the recovery of areas 
after disturbances (Zardo  et  al., 2010; Silva  et  al., 
2013; Nakamura et al., 2011; Vasconcellos et al., 2013; 
Majeed et al., 2018).

Studies in temperate (Castro & Wise, 2009; Ober 
& Degroote, 2011) and tropical forests (Sayer et al., 
2010; Suguituru  et  al., 2011; Camara  et  al., 2012; 
Maestri et al., 2013; Marques et al., 2014) investigated 
the response of edaphic fauna compared to the 
substitution of native forests for silviculture. However, 
there is still little research in tropical environments 
investigating the influence of edaphic macrofauna 
on abandoned silviculture areas at different levels 
of natural regeneration.

Therefore, this study investigates whether the 
composition and diversity of soil macrofauna reflects 
the recovery of abandoned silviculture areas, especially 
in abandoned eucalyptus plantations of the species 
(Corymbia citriodora (Hook.) K.D. Hill & L.A.S. 
Johnson). And to understand whether the management 
of eucalyptus by girdling can alter the composition of 
the soil macrofauna guilds.

The present study aimed to compare the 
composition and diversity of soil macrofauna in 
three phytophysiognomies (secondary forests, girdled 
eucalyptus areas and abandoned eucalyptus areas) 
and to evaluate the soil macrofauna as an indicator of 
recovery of eucalyptus areas (C. citriodora) abandoned 
in the Biological Reserve União, Rio de Janeiro.

The hypothesis tested was that eucalyptus areas that 
have been managed by girdling present greater richness, 
abundance and diversity of the edaphic macrofauna 
when compared to the unmanaged eucalyptus areas. 
And that the management by girdling promotes the 
stimulation of the edaphic macrofauna guilds, in view 
of the diversification and improvement of the litterfall 
quality, the greater availability of woody material for 
decomposition, the reduction of the eucalyptus allelopathic 
action and the advance of natural regeneration.
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2. MATERIAL AND METHODS

2.1. Study area

For the accomplishment of the present study, three 
phytophysiognomies were selected in the Biological 
Reserve União (Rebio União, Figure 1), two areas of 
secondary forest [SF1 (S22°25’14.9”, W42°01’56.1”) and 
SF2 (S22°25’19.3”, W42°02’27.5”)], used as reference 
areas, two areas with abandoned non-girdled eucalyptus 
plantation [NE1 (S22°26’02.6”, W42°02’34.4”) and 
NE2 (S22°25’28.2”, W42°02’24.6”)] and two areas 
with abandoned eucalyptus plantation, where the trees 
were managed by girdling for their elimination [GE1 
(S22°25’44.9”, W42°02’15.3”) and GE2 (S22°25’35.0”, 
W42°02’27.5”)], and the managements were carried 
out respectively in 2016 and in 2013.

In 1998, the Rebio União was created, with 
approximately 2,548 ha, forming a mosaic of different 
uses of the soil (native vegetation, abandoned eucalyptus 
plantations, fields and pastures) (ICMBio, 2007). 

This reserve extends by the municipalities of Rio das 
Ostras, Casimiro de Abreu and Macaé, in the state of 
Rio de Janeiro. In the Rebio União there are a total 
of 47 abandoned eucalyptus plantations (plots), with 
different ages (1960-1993), which comprises an area 
between 0.21 and 16.36 ha. Since 2008, areas with 
abandoned eucalyptus plantation are being managed 
by cutting back or girdling the trees to eliminate 
the crop, in order to facilitate the process of natural 
regeneration (ICMBio, 2008).

2.2. Data collect

The collection of the soil macrofauna was performed 
using fall traps, pitfalls type (Baretta et al., 2011). In the 
six areas studied, five pitfalls traps were installed with 
a spacing of five meters between them along a transect 
30 m from the edge of each area. The traps consisted 
of plastic pots (450 mL) filled with 250 mL of water 
with detergent and were installed in a cavity, with the 
opening at the soil level. Two collections were carried 

Figure 1. Location of the six study areas in the Biological Reserve União, state of Rio de Janeiro, Brazil. 
Phytophysiognomies: SF = Secondary forest; GE = Girdled Eucalypt; and NE = Non-girdled Eucalyptus.
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out for 48 hours, and the captured individuals were 
collected every 24 hours and the content of the trap 
reset. The individuals were screened and stored in 
70% alcohol solution. The individuals were identified 
in taxonomic groups (order or family) with the help 
of binocular loupe and determination taxonomic. 
The option to identification in large groups was made, 
since the species is not always the best ecological 
unit to evaluate the functionality of organisms in the 
environments (Gerisch et al., 2012).

We collected environmental predictors (litterfall 
height and weight, temperature, humidity) to relate to 
the values of the community descriptors (number of 
individuals (N), richness (S), Shannon-Wiever index 
(H’). In each transect five points were delimited every 
2.5 m of the pitfall trap. At each point, the height of the 
litterfall was measured and the litterfall was collected 
within one quadrant (0.25 m2). The litterfall was stored 
and the samples weighed (fresh weight). We collected 
mean temperature and mean humidity using a digital 
thermohygrometer in each area for 24 hours.

2.3. Data analysis

The spatial variation of the macrofauna descriptors 
(number of individuals, richness, Shannon-Wiever 
index) was determined by the Permutational Analysis 
of Variance (PERMANOVA) based on the similarity of 
Bray Curtis. We compared the number of individuals, 
richness and diversity among the following fixed 
factors: phytophysiognomies (Secondary Forest, 
Girdled Eucalyptus, Non-girdled Eucalyptus) and 
collection areas (SF1, SF2, GE1, GE2, NE1, NE2). 
The PERMANOVA test (pair-wise test) was performed 
to compare the phytophysiognomies. The p used 
for the analysis of phytophysiognomy communities 
was the p (Monte Carlos) due to the low number of 
permutations performed by PERMANOVA’s analysis. 
The significance level adopted for all analyzes was 0.05.

Multivariate analyzes were performed: non-metric 
multidimensional scaling (nMDS) to evaluate the 
association pattern of the edaphic macrofauna taxa among 
the studied areas. The percentage similarity procedure 
(SIMPER) defined the percentage contribution of each 
taxonomic group among the phytophysiognomies. 
The values of the logarithmized community from the 
descriptors [log (x+1)] and the Bray Curtis coefficient 
of similarity were used for the multivariate analysis. 
The multiple linear regression analysis was used to 

determine the influence of potential environmental 
predictors on univariate descriptors of the macrofauna 
community, the analyzes were generated through R 
program.

The Change Index (Wardle & Parkinson, 1991) 
was used to evaluate the effects on the abundance of 
edaphic macrofauna from the management by girdling 
in eucalyptus. This index indicates disturbances or 
stability in the richness and abundance of the edaphic 
macrofauna as a response to a certain management 
applied to the area (Cunha et al., 2012). For the analysis 
of this index, the individuals collected were classified 
into six distinct guilds, based on the position in the soil 
trophic chain and on the life strategies: Saprophagous 
- Decomposers organisms (Blattodea, Diplopoda 
and Isopoda); Predators - Organisms feed on the soil 
fauna (Araneae, Neuroptera, Pseudoscorpiones and 
Opiliones); Herbivores - Organisms feed on vegetables 
(Lepidoptera larvae, Orthoptera and Stylommatophora); 
Phytophagous - Organisms feed on sap (Hemiptra 
and Thysanoptera); Ecosystem engineers - Organisms 
that create or maintain habitats for other species 
(Formicidae, Isoptera and Haplotaxida) and Diverse 
strategies - Organisms that have diversified strategies 
(Coleoptera, Diptera and Vespidae) (Swift et al., 2010).

The change index is calculated by the Formula 1:

( )( )  2 /    1V x x y= + −   (1)

where x = abundance of the taxonomic group in the 
girdled eucalyptus area; and y = abundance of the 
taxonomic group in the non-girdled eucalyptus area. 

According to this index, the soil macrofauna 
was included in categories (modified from Wardle 
& Parkinson, 1991; Cunha et al. 2012), as presented 
in Table 1.

Table 1. Inhibition and stimulation categories of the soil 
fauna groups in response to the intervention process, 
based on the V index.

Category Symbol V Index
Extreme Inhibition EI V < -0.67
Moderate inhibition MI -0.33 > V < -0.67
Light inhibition LI -0.05 > V < -0.33
Without changes WC -0.05 > V < 0.05
Light Stimulation LS 0.05 > V < 0.33
Moderate stimulation MS 0.33 > V < 0.67
Extreme stimulation ES V > 0.67
Source: Modified from Wardle & Parkinson (1991) and 
Cunha et al. (2012).
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3. RESULTS

3.1. Characterization and comparison of 
edaphic communities

Throughout the study, we sampled a total of 
876 individuals belonging to 18 taxonomic groups. The most 
abundant groups were Formicidae (N = 248 individuals), 
Isopoda (N = 116) and Coleoptera (N = 111). We also 
collected individuals from the Isoptera (N = 77), 
Diptera (N = 63), Vespidae (N = 48), Araneae (N = 37), 
Orthoptera (N = 33), Hemiptera (N = 32), Blattodea 
(N = 26), Thysanoptera (N = 22), Haplotaxida (N = 16), 
Diplopode (N = 15), Lepidoptera Larvae, (N = 11), 
Pseuduscorpionida (N = 10), Neuroptera (N = 7), 
Stylommatophora (N = 6) and Opiliones (N = 2).

Soil macrofauna community descriptors differed 
in the three phytophysiognomies secondary forest, 
girdled eucalypt and non-girdled eucalyptus. The total 

number of individuals was higher in the second forest 
(N = 358), followed by girdled eucalyptus (N = 310) 
and non-girdled eucalyptus (N = 213). The values of 
abundance, richness and diversity (H’) followed the same 
pattern for the evaluated vegetation types (Figure 2).

An analysis of the boxplots, based on the edaphic 
macrofauna for the phytophysiognomy and areas, 
shows difference in the community structure among the 
vegetation (SF > GE > NE) and shows greater similarity 
among the areas with the same phytophysiognomy. 
The structure of the edaphic macrofauna community 
differed significantly [p (MC) = 0.003] among the 
different phytophysiognomies. The vegetation of 
secondary forest and non-girdled eucalyptus had a 
significant difference [p (MC) = 0.005] (Table 2).

The nMDS ordering analysis revealed the formation 
of three major groups based on the association pattern of 
the edaphic macrofauna (Figure 3). The first arrangement 
(66.31% of similarity) is formed by the soil macrofauna 

Figure 2. Boxplots of the abundance, richness and diversity (H’) of edaphic macrofauna in the three 
phytophysiognomies. The black line and the boxes represent the median values and interquartile range, respectively; 
the line bars are standard deviation and the points are outliers.
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from the non-girdled eucalyptus areas and includes five 
taxonomic groups that contributed with 90.91% for the 
total similarity of this group. The taxa that contributed 
to this group were: Formicidae (41.45%), Coleoptera 
(20.29%), Isopoda (16.14%), Diptera (8.19%) and 
Vespidae (4.48%).

The second group (69.72% of similarity) includes 
the edaphic macrofauna of GE areas and eight 
taxonomic groups (91.86%) contributed to total 
similarity. The  taxa that contributed to this group 
were: Formicidae (23.81%), Isoptera (19.18%), Isopoda 
(17.87%), Coleoptera (13.98%), Diptera (6.95%), 
Orthoptera (3.81%), Thysanoptera (3.43%) and 
Blattodea (2.84%). The third group (70.52% of similarity) 
included macrofauna mainly of the second forest and 
13 taxonomic groups contributed with 92.09% of the 
total similarity, being the taxa: Formicidae (14.73%), 
Isopoda (12.57%), Coleoptera (12.34%), Orthoptera 
(8.11%), Araneae (6.39%), Hemiptra (5.92%), Diptera 
(5.53%), Haplotaxide (5.52%), Isoptera (5.38%), 
Blattodea (5.1%) and Diplopoda (3.15%).

The SIMPER also pointed to Orthoptera as the 
taxonomic group that contributed the most to the 
dissimilarity between second forest and non-girdled 
eucalyptus (46.88%). On the other hand, Isoptera was the 
taxon that most contributed to dissimilarities between 
the areas of girdled eucalyptus versus non-girdled 
eucalyptus (41.06%) and versus second forest (35.81%).

3.2. Environmental predictors

Humidity was a significant environmental predictor 
(p < 0.01) for all macrofauna community descriptors 
evaluated (abundance, richness, and diversity). In all 

descriptors, moisture was positively associated with 
the macrofauna (Table 3), presenting a high predictive 
relation with increased abundance (R2 = 0.36), richness 
(R2 = 0.57) and diversity (R2 = 0.63) of the edaphic 
macrofauna (Figure 4).

On the other hand, the height and weight of the 
litterfall were not good environmental predictors to 
explain the community descriptors in the analyzed 
areas (Table 3). The temperature was not inserted in 
the matrix of the multiple regression, considering that 
in the PCA analysis the humidity and the temperature 
presented covariance.

3.3. Change index

The soil macrofauna was distributed in categories 
according to the values calculated for the Change 
Index (V). In the GE areas, no taxonomic group 
disappeared, 12 taxa were stimulated, and three 
groups were inhibited when compared to areas where 
C. citriodora was not submitted to girdling (Table 4). 
The management of eucalyptus caused changes and 
increases in the edaphic macrofauna guilds. The most 
stimulated guild was the saprophagous (three stimulated 
groups). The predators, herbivores, phytophagous 
and ecosystem engineers were guilds each with two 
stimulated groups. The taxonomic groups that were 
extremely stimulated (ES) were Neuroptera, Orthoptera, 
Thysanoptera, Haplotaxida (collected only in GE) and 
Isoptera. However, we observed inhibition of Opiliones, 
Vespidae and Formicidae groups. The taxonomic 
groups Pseudoscopiones and Stylommatophora were 
not registered in the girdled eucalyptus areas, these 
were restricted to the areas of second forest.

Table 2. Results of the PERMANOVA analysis and the Pair-Wise test among the areas of different phytophysiognomies 
(Secondary Forest, Girdled Eucalyptus, Non-Girdled Eucalyptus) and collection areas (SF1, SF2, GE1, GE2, NE1, NE2) 
as to the community structure of the edaphic macrofauna.

Source Df SS MF Pseudo-F p(perm) Perms p(MC)
Phytophysiognomy 2 7267.2 3633.6 60.8 0.065 15 0.003**
Areas 3 1792.3 597.44 14.5 0.126 997 0.132
Residues 24 9832.5 409.69
Total 29 18892

Pair-Wise Test
Phytophysiognomy T p(perm) Perms p(MC)

Secondary forest, Girdled Eucalyptus 23.954 0.341 3 0.009**
Secondary forest, Eucalyptus not girdled 29.315 0.343 3 0.005**
Girdled eucalyptus, Non-girdled Eucalyptus 20.358 0.34 3 0.037*
Df = Degrees of freedom; SS = Sums of squares; MF = Mean squares; Pseudo-F = Pseudo-F ratio; p(perm) = Permutation p-value; 
Perms = Number of permutations; p(MC) = Monte Carlo p-values; p(MC) =  *p<0.05 and **p<0.01.
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Table 3. Multiple regression analysis of moisture values related to number of individuals, soil richness and 
macrofauna diversity. 

Number of individuals Richness Diversity (H’)
R2 p-value R2 p-value R2 p-value

Litterfall (cm) 0.0519 0.3414 0.039 0.9374 0.0288 0.7116
Litterfall (g) 0.0097 0.0549 0.0446 0.5723 0.042 0.4258
Humidity/Moisture 0.3568 0.0048** 0.5727 5.58E-07** 0.6361 5.64E-07**
Multiple Regression 0.4184 0.0247* 0.6563 3.22E-05** 0.7069 4.21E-06**
Residue 0.5816 - 0.3437 - 0.2931 -
R2 = Coefficient of determination; p-value = *p<0.05 and **p<0.01.

Table 4. Categories of the V Index for total abundance of the soil macrofauna distributed in guilds in the areas of 
non-girdled eucalyptus and girdled eucalyptus in the Biological Reserve União, Rio de Janeiro.

Guilds Groups NE (N) GE (N) V Index Category

Saprophagous

Blattodea 7 8 0.07 LS
Diplopoda 1 2 0.33 MS
Isopoda 28 50 0.28 LS
Inhibited groups 0
Stimulated groups 3

Predators

Araneae 7 8 0.07 LS
Neuroptera 0 1 1.00 ES
Pseudoscorpiones 0 0 0.00 WC
Opilionidae 2 0 -1.00 EI
Inhibited groups 1
Stimulated groups 2

Herbivores

Lepidoptera larvae 2 3 0.20 LS
Orthoptera 0 12 1.00 ES
Stylommatophora 0 0 0.00 WC
Inhibited groups 0
Stimulated groups 2

Phytophagous

Hemiptera 5 9 0.29 LS
Thysanoptera 0 14 1.00 ES
Inhibited groups 0
Stimulated groups 2

Ecosystem Engineer

Formicidae 97 82 -0.08 LI
Isoptera 3 52 0.89 ES
Haplotaxida 0 4 1.00 ES
Inhibited groups 1
Stimulated groups 2

Several strategies

Coleoptera 34 33 -0.01 WC
Diptera 13 22 0.26 LS
Vespidae 14 9 -0.22 LI
Inhibited groups 1
Stimulated groups 1

NE(N) = Number of individuals of soil macrofauna in non-girdled eucalyptus; GE(N) = Number of individuals of soil macrofauna 
in girdled eucalyptus; V index = Change index; EI = Extreme Inhibition; LI = Light Inhibition; WC = Without Change; LS = Light 
Stimulation; MS = Moderate Stimulation; ES = Extreme Stimulation.
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Figure 3. Ordering by the multivariate analysis nMDS based on the community structure of the edaphic macrofauna 
in the different phytophysiognomies. The polygons drawn from Bray-Curtis similarity cluster.

Figure 4. Multiple regression of humidify values related to number of individuals, richness and Shannon’s diversity. 
Only significant predictors (p <0.05) were considered for plotting.
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4. DISCUSSION

The data support that there is difference in the 
structure and composition of edaphic macrofauna 
among phytophysiognomies plants, resulting from 
the distinction between the analyzed environments 
that formed a gradient of complexity (SF > GE > NE). 
Tropical secondary forests are environments with a 
richness of species and micro-habitats that can be 
used by a variety of organisms. When these forests are 
replaced by monocultures, there is a simplification of the 
environment that reflects throughout the biota, including 
in the edaphic fauna community (Baretta et al., 2011; 
Frevolente et al., 2012; Garlet et al., 2013; Chang et al., 
2017; Laird-Hopkins et al., 2017; Kooch et al., 2018). 
This is what happened to the non-girdled eucalyptus 
areas with lower values for abundance, richness and 
diversity when compared to the other areas analyzed.

On the other hand, the proximity of the values of 
the community descriptors of edaphic macrofauna 
between secondary forest and girdled eucalyptus 
areas indicates that the management provided greater 
complexity to the managed environment. The secondary 
forest functioned as a reference indicating that the 
management of eucalyptus by girdling is causing positive 
effects on the edaphic macrofauna. This is due to the 
heterogeneity in the supply of resources, because the 
greater the diversity of the plant community, the greater 
the heterogeneity of the litterfall, which will present 
more niches to be colonized, resulting in a greater 
diversity of soil fauna communities (Handa  et  al., 
2014; Rodrigues  et  al., 2017; Camara  et  al., 2018; 
Wu & Wang, 2019; Nunes  et  al., 2019), suggesting 
that in the short term there are beneficial effects of 
management by girdling on the natural regeneration 
of native vegetation.

The results obtained corroborate the hypothesis 
proposed by this study, since the areas that underwent 
management by girdling presented higher values for 
the community descriptors when compared to the 
non-girdled eucalyptus areas. This was due to changes 
in the environment resulting from the inhibition of 
C. citriodora eucalyptus action. The litterfall produced by 
monocultures of this type of eucalyptus is homogeneous 
and of poor quality due to the high concentration of 
lignin, a substance resistant to decomposition, which 
reduces the mineralization of nutrients that will be 
used by plants (Tacca et al., 2017).

In addition, the C. citriodora litterfall is considered 
as unpalatable for some species of the soil macrofauna, 
besides being a chemical barrier against the natural 
regeneration of native species (Frainer & Duarte, 2009; 
Diniz et al., 2011). Thus, the C. citriodora species is 
indicated as inhibitor of the natural regeneration of 
native forests since the decomposition and the cycling 
of nutrients are not favored in environments with 
the presence of this species (Valpassos  et  al., 2007; 
Evaristo et al., 2011).

The results of the present study resemble those 
found by Camara et al. (2012), who also studied the 
edaphic macrofauna comparing areas of secondary 
forest with areas of eucalyptus management (young and 
mature). The secondary forest area presented a more 
complex community (greater richness and abundance) 
and the arthropod community was more diverse when 
the environment was in a more advanced stage in 
regeneration, that is, in areas managed for longer time.

Suguituru et al. (2011) in a study in the Atlantic 
Forest, evaluating the ant community in secondary 
forest and eucalyptus plantations of several ages 
and management, found that greater richness in 
the secondary forest and in abandoned eucalyptus 
plantations. Other studies comparing the composition 
of the soil macrofauna among areas of eucalyptus with 
others has demonstrated that the presence of eucalyptus 
can inhibit the presence of several macroinvertebrates 
(Soares et al., 2010; Camara et al., 2012; Bartz et al., 
2014; Tacca et al., 2017; Winck et al., 2017).

The nMDS generated in this study obeyed the standard 
raised by the other analyzes, evidencing the significant 
difference among the three phytophysiognomies. 
It is worth mentioning that the dissimilarity between 
secondary forest and girdled eucalyptus was lower 
than (SF x NE) and (GE x NE), which confirms that 
both girdled eucalyptus areas are changing toward 
secondary forest, through natural regeneration after 
handling by girdling.

The association pattern of edaphic macrofauna 
differed among phytophysiognomies (Amazonas et al., 
2018; Camara et al., 2018). However, in all the analyzed 
areas, the individuals of the Formicidae family were the 
ones that contributed the most to the composition of 
the groups formed, with a difference in the contribution 
percentage for each phytophysiognomy. This group 
acts in the cycling of nutrients, in the control of the 
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population of other invertebrates, since it is among 
the biggest predators of other insects, in addition to 
acting as seed disperser (King, 2016).

In the non-girdled eucalyptus areas, the Formicidae 
family presented greater participation in the similarity 
among the areas, due to the resistance of some groups 
of leaf-cutting ants (Atta and Acromyrmex) to the 
eucalyptus planting. The secondary forest and girdled 
eucalyptus areas showed lower participation of this 
group of ants and also a greater number of different 
taxa found, resulting from the greater stability and 
greater complexity of these environments.

This study also demonstrate that the edaphic 
macrofauna responded to the management by girdling 
through the stimulation of taxonomic groups in all 
guilds. This is probably due to the specificities that 
the soil macrofauna possesses, especially regarding 
the environmental conditions presented in the areas of 
unmanaged eucalyptus plantations, which has caused 
the inhibition of some taxonomic groups (Evaristo et al., 
2011; Maestri et al., 2013).

Thus, the high diversity of guilds is advantageous, 
since the group can function more efficiently under 
a variety of environmental circumstances. The more 
diverse systems are more resilient to disturbances, if one 
group is compromised, the other (s) that prevails can 
compensate for it/them, doing the same ecological role 
in that ecosystem (Correia et al., 2018; Ferreira et al., 
2018; Quadros & Zimmer, 2018). On the other hand, 
the most diverse ecosystems may be less efficient since 
a greater proportion of available energy is used to 
combat the competitive interactions between redundant 
organisms, a situation that can be accentuated by the 
functional similarity of the groups, that is, a potential 
competition of niche (Salomão et al., 2019).

The most stimulated guilds were Phytophagous and 
Ecosystem Engineers (Melo et al., 2009). It stands out 
the guild of the Ecosystem Engineers, composed by 
earthworms and termites. These organisms produce 
large excrements that are part of the macroaggregate 
structure and participate in the formation of stable 
structures that regulate porosity, density and other soil 
properties (King, 2016; Coyle et al., 2017). Thus, directly 
or indirectly, they modulate the availability of resources 
to other species, creating and/or maintaining habitats 
that can be exploited by certain species (Baretta et al., 

2011), which may promote increased richness and 
abundance of the edaphic macrofauna as a whole.

The Isoptera were prominent in the areas of 
girdled eucalyptus as one of the taxonomic groups 
that contributed most to the similarity within this 
phytophysiognomy and did not have importance for 
the other two phytophysiognomies. This is because the 
girdled eucalyptus areas have abundant resource for 
this group, the eucalyptus trees killed by the girdling 
management. The Isoptera are typical ecosystem engineers, 
these organisms are specialized in a food based on 
lignocellulose materials and can fix the atmospheric 
nitrogen from the anaerobic bacteria that inhabit their 
digestive tract (Baretta et al., 2011; King, 2016). This 
symbiosis, together with the overabundance of Isoptera, 
gives this taxon a key role in the decomposition and 
stabilization of the carbon-nitrogen balance (Melo et al., 
2009; King, 2016). Thus, dead organic matter with high 
C/N ratio, an overabundant resource, as in the case of 
girdled eucalyptus, becomes a “protected” food resource, 
due to its difficult utilization and assimilation related 
to the unbalance of the C/N, niche, which throughout 
evolutionary time was essentially monopolized by 
termites (Higashi et al., 1992).

5. CONCLUSION

The hypothesis proposed by this study was accepted, 
considering that the areas that underwent annealing 
present greater abundance, richness and diversity 
of the edaphic macrofauna when compared to the 
unmanaged eucalyptus areas. This difference may 
be related to structural differences in areas where 
individuals of C. citriodora species were not girdled. 
This study also allowed us to observe that the edaphic 
macrofauna responds to management by girdling, 
through the stimulation of taxonomic groups in the 
various guilds and can be pointed as a good indicator 
of recovery of disturbed areas.
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