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Abstract. We analyzed arthropod community structure and composition among different anthropogenic 
systems. The study was conducted in areas of secondary forest (control system), Eucalyptus plantation 
and pasture, where we sampled arthropods using pitfall traps. The systems did not differ in mean richness 
and mean abundance of arthropods, however, eucalyptus presented the highest total richness. The systems 
supported different arthropod communities in relation to structure and species composition. Pasture was 
the most simplified and different system in comparison to the others, probably because it is more open 
and presents low complexity. Our results demonstrate that different anthropogenic systems exhibit 
communities that reflect its characteristics, corroborating the evidence that human impacts are capable of 
changing community composition and structure. Our study serves to understand arthropod response in 
face of environmental disturbance, selecting indicator morphospecies and orders of arthropods for 
different anthropogenic systems and providing valid information for the development of conservation 
strategies.   
Keywords: Atlantic Forest, Eucalyptus, Habitat change, Pasture, Vegetation complexity  

Introduction  
The introduction of different anthropogenic systems in natural ecosystems can 

reduce biodiversity and alter the functioning of these environments (Chapin et al., 2000; 
Sala et al., 2000). Biodiversity loss occurs by the simplification of complex and 
diversified ecosystems, since environments with high habitat heterogeneity present 
higher species diversity (Pianka, 1983). Therefore, the evaluation of biological 
communities is essential, due to the growing need to maintain ecological integrity of 
natural and anthropogenic systems (Basset et al., 2008). 

In this context, soil arthropods have been widely used as bioindicator organisms in 
order to quantify and qualify the conditions of an environment (e.g. Dufrêne and 
Legendre 1997; Maleque et al., 2009; Almeida et al., 2011; Gerlach et al., 2013). Soil 
arthropods are considered good bioindicators because of  their high diversity, easy and 
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low sampling cost, wide spatial and temporal distribution, rapid response to 
environmental changes and participation in several ecological processes of ecosystems 
maintenance (Lavelle, 1996; Knoepp et al., 2000; Nakamura et al., 2007). The 
bioindication of these organisms enables to infer about an ecosystem condition, 
providing scientific basis for environmental management and conservationist strategies 
(Suthar, 2009; Gerlach et al., 2013).  

Several studies have used the diversity of a single taxon as a bioindicator, however 
the evaluation of different taxonomic groups is necessary (Schulze et al., 2004), because 
each taxon can present a specific response to environmental modifications. Studies that 
use various taxa allows to reach more concrete conclusions, as well as to reduce the 
costs that are involved in the execution of a scientific project (Barlow et al., 2007; 
Gardner et al., 2008). 

This work aimed to evaluate the structure and composition of soil arthropod 
communities in areas of secondary forest, Eucalyptus plantation and pasture and also to 
identify possible indicators of each system. We tested the hypothesis that arthropod 
fauna will respond negatively to the decrease of system complexity, reducing their 
abundance, species richness and evenness, and increasing their dominance patterns. We 
also expect that each anthropogenic system will sustain distinct arthropods communities 
according to structure and species composition and that they will possess specific 
indicators.  

Material and methods 

Study sites 
The study was conducted at the Universidade Federal de Lavras, in areas of 

secondary forest, Eucalyptus plantations and pastures. The municipality of Lavras is 
located in Minas Gerais state (21º 14’S 45º 00’W), at an altitude of 919 m. It presents a 
mesothermal climate (Cwa), according to Köppen classification, with a dry winter and 
rainy summer, average annual temperature of 20.4 ºC and a rainfall of 1460 mm (Dantas 
et al., 2007). 

The landscape of our study site is composed by Atlantic Forest remnants surrounded 
by an agro-silvo-pastoral matrix of agricultural crops, pastures and monocultures such 
as Eucalyptus plantations (Oliveira-Filho et al., 1994). Most of the forests are secondary 
formations in different successional stages with less than 10 ha (Oliveira-Filho et al., 
1994). Therefore, this area provides excellent conditions to generate information on 
how the edaphic arthropod community responds to different agro-silvo-pastoral land use 
systems.  
 
Arthropods sampling 

The present work was carried out in April 2011, when we sampled three areas 
(replicates) of each anthropogenic system: secondary forest, Eucalyptus plantation and 
pasture. Secondary forest was considered the control system in order to understand the 
consequences of habitat change for edaphic arthropods.  

We sampled edaphic arthropods using pitfall traps without baits. A transect of 80 m 
was delimited at each anthropogenic system, at least 20 m distant from the edges. At 
every 20 m of the transect we placed a pitfall trap, corresponding to a total of 5 traps per 
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area, totalizing 15 pitfalls per anthropogenic system. Pitfall traps were left in the field 
for 24 hours.  

We identified arthropods at family level whenever possible and specimens were 
grouped in morphospecies. Specimen’s identification was based on Borror et al. (1989). 

 
Data analysis 

We generated a species accumulation curves according to the number of samples to 
evaluate sampling effort and to compare the patterns of total species richness among the 
studied anthropogenic systems. This analysis was performed in EstimateS 7.5.2 
(Colwell, 2005). 

To verify if arthropods’ mean abundance and mean species richness (response 
variables) are different among the different anthropogenic systems (explanatory 
variables), we used generalized linear models (GLM) with Gaussian error distribution. 
All models were submitted to residual analysis to verify their suitability to error 
distribution. These analyses were conducted in the R (R Development Core Team, 
2012). 

In order to observe dominance patterns in arthropod community of each 
anthropogenic system, we constructed abundance distribution curves. Abundance data 
was (log + 1) transformed. We also calculated the evenness of each anthropogenic 
system through the software Species Diversity and Richness 3.0. Evenness values were 
statistically compared using the null model approach developed by Solow (1993). 

To evaluate if there were significant differences in community structure (abundance) 
and composition (presence/absence) we performed an analysis of similarity (ANOSIM). 
Bray-Curtis index was used as a similarity measure for the abundance data and Raup-
Crick index for species composition (presence/absence). The analysis was carried out 
using software R (R Development Core Team, 2012), package Vegan (Oksanen et al., 
2013). 

In order to identify morphoespecies and orders of arthropods that are indicators for 
each anthropogenic system, we conducted an IndVal analysis (Indicator Species 
Analyses), using software R, package labdsv (R Development Core Team, 2012 – 
Roberts, 2013).  

Results 
We collected 981 arthropods of 92 morphospecies distributed in 14 taxonomic 

groups: Acari, Aranae, Blattodea, Coleoptera, Diptera, Embioptera, Formicidae, 
Hemiptera, Hymenoptera, Isopoda, Isoptera, Orthoptera, Trichoptera and Thysanoptera.  

Species accumulation curves did not reach an asymptote in any of the studied 
systems (Fig. 1). These curves also showed that total richness of forest and pasture was 
not different between each other and Eucalyptus exhibited the highest total richness.  

We captured 45 morphospecies and 267 individuals in Eucalyptus; 36 morphospecies 
and 261 individuals in the forest and 35 morphospecies and 451 individuals in the 
pasture. However, these anthropogenic systems did not differ in relation to the mean 
number of arthropod morphospecies (F2,15 = 2.02; p = 0.21) and mean abundance (F2,15 
= 0.61; p = 0.58).  

Forest and the Eucalyptus presented similar evenness indexes (p = 0.75), 0.56 and 
0.58, respectively. Pasture showed the smallest evenness index (0.48), differing from 
the forest (p < 0.001) and Eucalyptus (p < 0.001).  
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The systems presented similar abundance distribution curves, where some species 
showed numeric dominance over the other relatively less abundant (Fig. 3). In all the 
systems, the four morphospecies with higher abundance were representatives of the 
family Formicidae, except for the Diptera sp. 1, which was the fourth most abundant of 
the forest (Fig. 2). However, the species that dominate each anthropogenic system is 
different.  

 
 

Figure 1. Species accumulation curve of soil arthropods sampled in forest, Eucalyptus and 
pasture areas located at Lavras, state of Minas Gerais, Brazil. Dashed lines represent the 

confidence interval (95%) of the forest. 
 

 
The anthropogenic systems exhibited different arthropod community structures and 

compositions (Table 1). Of the 92 collected morphospecies, only seven were common 
to all of the systems, and these include one Diptera species and six of ants. Forest and 
Eucalyptus plantation shared 8 species between each other, while forest and pasture just 
presented one species in common and Eucalyptus plantation and pasture just one 
species in common too. Eucalyptus presented the highest number of exclusive species 
(29 morphospecies - 64.4% exclusive species), followed by the pasture (26 
morphospecies - 74%) and forest (20 morphospecies - 55%).  

Only one species was indicator of the forest (Diptera sp. 1). Two species were 
considered indicators of the Eucalyptus (Diptera sp. 4 and Isopoda sp. 1). In the pasture, 
there were three indicator species: Acridiidae sp. 2, Formicidae sp. 3 and Formicidae sp. 
6 (Table 2). Considering a higher taxonomic level (arthropods order) forest did not 
show any indicators, while Eucalyptus showed two (Isopoda  and Diptera) and pasture 
two indicator groups (Hemiptera and Orthoptera) (Table 3). 
 



Beiroz et al.: Structure and composition of edaphic arthropod community and its use as bioindicators of environmental disturbance 
- 485 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 12(2): 481-491. 
http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

 2014, ALÖKI Kft., Budapest, Hungary 

 
 

Figure 2. Rank abundance distribution of arthropod species sampled in three different 
landscape uses (Forest, Eucalyptus plantation and Pasture) of south Minas Gerais, Lavras, 
Brazil. a) Formicidae sp. 13; b) Formicidae sp. 5; c) Formicidae sp. 8; d) Diptera sp. 1; e) 

Formicidae sp. 1; f) Formicidae sp. 12; g) Formicidae sp. 4; h) Formicidae sp. 3; i) Formicidae 
sp. 6. 

 
 
Table 1. R and p values from the similarity analysis (ANOSIM) implemented to evaluate 
possible differences in arthropods community structure (abundance) and community species 
composition (presence/absence) between the forest, Eucalyptus and pasture areas (Lavras, 
Minas Gerais, Brazil). Levels significance p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 are represented 
by  *, **, *** respectively.  

Community structure Community composition 
Systems 

R P R P 
Forest x Eucalyptus 0.13 0.005** 0.2 0.0005*** 

Forest x Pasture 0.25 < 0.001*** 0.44 < 0.001*** 

Eucalyptus x Pasture 0.27 < 0.001*** 0.38 < 0.001*** 

 
In relation to the number of different arthropod orders captured in each 

anthropogenic system, forest exhibited 12, Eucalyptus 11 and pasture eight (Fig. 3). The 
species richness and the abundance of individuals of each taxonomic group were 
different among the systems. Of the 14 groups, only five were common to all systems 
(Aranae, Diptera, Coleoptera, Formicidae and Hymenoptera). Two groups were 
exclusive to the forest (Embioptera and Trichoptera) and none was exclusive to 
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Eucalyptus and pasture and these last systems shared two groups, Acari and Hemiptera 
(Fig. 3).  

 

 
Figure 3. Abundance and species richness of the taxonomic groups sampled in forest areas, 

eucalyptus plantations and pastures of south Minas Gerais, Lavras, Brazil. 

 
Table 2. Arthropod morphospecies with significant values of IndVal (p < 0.05) sensitive to 
the different anthropogenic systems (Forest, Eucalyptus and Pasture) inserted in the 
municipality of Lavras, state of Minas Gerais, Brazil. IV: indication value. Significance 
levels: p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 are represented by  *, **, *** respectively. 

Morphospecies Systems IV P 

Diptera sp. 1 Forest 56.4 0.0004*** 

Diptera sp. 4 Eucalyptus 48 0.0006*** 

Isopoda sp. 1 Eucalyptus 30 0.02* 

Acrididae sp. 2 Pasture 53.3 0.0002*** 

Formicidae sp. 3 Pasture 32.2 0.02* 

Formicidae sp. 6 Pasture 57.3 0.001*** 
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Table 3. Arthropod orders with significant values of IndVal (p < 0.05) sensitive to the 
different anthropogenic systems (Forest, Eucalyptus and Pasture) inserted in the 
municipality of Lavras, state of Minas Gerais, Brazil. IV: indication value. Significance 
levels: p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 are represented by *, **, *** respectively. 

Arthropod orders System IV P 

Isopoda Eucalyptus 30 0.02* 

Diptera Eucalyptus 40.8 0.04* 

Hemiptera Pasture 51.4 0.0008*** 

Orthoptera Pasture 52.8 0.0008*** 

Discussion 
Several studies have already shown that arthropod diversity is highly affected by the 

modification of natural ecosystems and implantation of different anthropogenic uses 
(e.g. Basset et al., 1998; Lawton, 1999; Schulze et al., 2004; Basset et al., 2008), due to 
the changes in vegetation structure (e.g. Siemann et al., 1998; Wettstein and Schmid, 
1999; Gardner et al., 2008). 

Natural environments tend to sustain higher arthropod diversity because of their  
higher spatial heterogeneity, since they possess more species richness of trees and an 
understory usually developed (Elton, 1973). This complex vegetation structure creates a 
larger amount of micro-habitats and more resources availability for the arthropods 
(Ribas et al., 2003; Tews et al., 2004). However, our results do not corroborate with 
these theoretical expectations, because mean arthropod richness and abundance did not 
differ among the systems, despite having extreme differences in vegetation structure. 
Likewise Eucalyptus total richness was higher than the observed in the forest.  

However, these two parameters of the arthropod community (richness and 
abundance) by themselves cannot reflect the reality of the studied systems, as confirmed 
by several studies (e.g. Hoffmann, 2010; Gollan et al., 2011; Ribas et al., 2012). 
Furthermore, Fleishman et al. (2006) reported that richness is not an appropriate metric 
for conservation planning strategies, because do not provide information about the 
identity of species. Abundance also cannot be considered a good indicator of habitat 
quality, since several species increase their populations in face of a disturbance 
(Hillebrand et al., 2008; Blaum et al., 2009), altering dominance structure in the 
community (Vasconcelos, 1999; Loyola et al., 2006). Thus, Barlow et al. (2007) 
recommended that to obtain more robust responses about how biological communities 
resist to disturbances, the use of metrics based on the similarity among communities is 
more reliable. 

Our results showed that forest, Eucalyptus and pasture sustained highly dissimilar 
arthropod communities both in structure and species composition. Loyola et al. (2006) 
found this same pattern when studying the invertebrate community in areas of forest and 
pasture in Pantanal wetlands, while Ferreira and Marques (1998) verified low similarity 
between litter arthropod communities of secondary forest and Eucalyptus monoculture, 
as well as, arthropod richness and diversity of secondary forest and Eucalyptus 
monoculture. All these results, therefore, corroborate with the evidences,  that 
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modifications of natural ecosystems caused by human activities generate changes in 
composition and structure of biological communities (Hillebrand et al., 2008). 

Pasture showed a simplified arthropod community, because of its lowest evenness, 
number of taxonomic groups and absence of exclusive arthropod orders. According to 
Hillebrand et al. (2008) alteration of ecosystems by humans is capable of strongly affect 
community evenness, being this metric very important to understand the response of the 
organisms to anthropic impacts. Low evenness can influence the interaction of species 
in a community, ecological processes and community resistance and resilience, because 
of the dominance of few species that are more resistant to the loss of vegetation 
covering (Hillebrand et al., 2008; Sobek et al., 2009). Thus, the lowest evenness found 
in the pasture is an indication of how much this system presents a more altered 
biological community in relation to the forested systems. Furthermore, among the 
landscape studied, pasture presented the most distinct community of arthropods, since 
74% of the species found in this environment were exclusive to it, leading to a low 
number of species shared with the forest and Eucalyptus.   

The substitution of forest areas by pastures represents an abrupt change in the 
environment, since removal of forest cover leads to a decrease in the amount of soil 
organic matter, the occurrence of erosive processes, higher soil compaction, litter loss 
and microclimatic alterations (Gash and Nobre, 1996; Alves et al., 1999; Mathieu et al., 
2005; Loyola et al., 2006; Bernarde and Macedo, 2008). All these factors can be 
unfavorable for the survival of some species, mainly for those associated with forest 
environments (Howden and Nealis, 1975; Larsen et al., 2008). Thus, pasture does not 
maintain the same conditions of forest system in order to allow the establishment of 
similar fauna. Therefore, species found in pasture are in general those common of 
opened environments or habitat generalists. Following the changes in ant assemblages 
in different stages of vegetational succession, from cultivated fields up to forest 
environments, Gómez et al. (2003) found major changes including the increase of 
cryptics species and cold-climate specialists. They also reported a decrease of 
opportunists species as well the hot-climate specialists, followed by a decrease in ant 
species richness. 

Forest and Eucalyptus were different in relation to arthropod species composition, 
probably as a reflection of the structural differences of these vegetational formations. 
Eucalyptus plantation consists of an environment with a single plant species and 
individuals with similar ages, besides the absence of an understory, promoting a 
discontinuous canopy cover favorable to a greater incidence of light. In this context, 
they are less complex environments when compared with the primary forest areas.  

All anthropogenic systems exhibited indicator species, however, in relation to 
arthropod orders, just the Eucalyptus and pasture showed it. Most of these species and 
orders entered in the category of detectors, according to McGeoch et al. (2002) and 
Verdú et al. (2011), because they had an indication value between 45% and 70%. 
Detector species just reflect preferences for a certain habitat type, but these species can 
also be found in adjacent systems, mainly when their habitat conditions are under 
change. None of our species presented an indication value above 70%, which according 
to the above mentioned authors, is what characterizes real habitat indicators. In this 
study the forest, although being the most complex system, presented the lowest number 
of indicator species, it did not have indicator arthropod orders and sustained the lowest 
number of exclusive species. This might have occurred due to the degree of degradation 
and small size of the secondary forest fragments, which may not present the conditions 
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inherent to more intact forest environments and may not represent the reality of well-
preserved forests. Nevertheless, it was the system with higher number of exclusive 
arthropods orders.  

In conclusion, human activities change the composition and the structure of 
biological communities. Our results enable us to know the response of the arthropod 
community facing the implantation of different anthropogenic systems, selecting 
indicator species and orders of each system, which currently dominates the scenario of 
the south of Minas Gerais. The selection of bioindicators is of unquestionable 
importance, since with this information it is possible to choose and evaluate sites for the 
establishment of nature reserves, to create conservation management plans and to 
evaluate the ecological impacts generated by human activities. Such studies enable us to 
understand the processes that govern the disassembly of biological communities and to 
elaborate conservation strategies to minimize the impacts upon biodiversity.   
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