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ABSTRACT
The aim of this study was to evaluate the edge effect using the macrofauna community of the 
soil as indicator in three fragments of Semi-deciduous Seasonal Forest in the city of Vitória da 
Conquista, Bahia, Brazil. Three sampling ranges denominated edge, transition and interior were 
delimited in each fragment. The macrofauna community was sampled at two seasons of the year 
(dry and wet). Monoliths were collected from soil at 10 cm depth in each range. The density and 
richness of the fauna, as well as the Shannon diversity index and the Pielou equitability index, 
were calculated. It was observed that the edge effect is expressed from the presence/absence of 
orders of individuals in the different fragment ranges, with no interference in the density, average 
wealth or number of individuals in each group. The edaphic community presents higher density 
and average richness in the dry period within the transition and interior range of the fragments.
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1. INTRODUCTION

It is estimated that only 12.5% of the total original 
Atlantic Forest area is preserved in forest remnants. 
The situation in the state of Bahia is not different from 
the reality found in other regions of Brazil, currently 
presenting less than 12% of its original area (Brasil, 
2015). The few remnants of deciduous forest are 
divided into fragments and are under strong influence 
of agropastoral activities with an emphasis on coffee 
growing areas, which include the cities of Vitória da 
Conquista, Jequié and Boa Nova, in Bahia state, Brazil 
(Batista et al., 2006).

Forest fragmentation promotes contact between a 
natural and anthropogenic habitat, causing profound 
changes in the ecosystem such as a loss of biodiversity 
and habitat alteration (Bierregaard  et  al., 1992; 
Brooks  et  al. 2002; Scariot  et  al., 2003). This is a 
consequence of the fact that many species avoid edge 
habitats, while others have their proliferation favored 
by less predation and/or increased resource availability 
(Wirth et al., 2008). This process is called the edge 
effect and generally consists of physical, chemical and 
biological changes in the ecosystem (Lima-Ribeiro, 
2008). Its intensity is usually related to the fragment 
size, since its effects can reach more than 100 meters 
into the forest (Haskell, 2000), and the nature of the 
activities in the surrounding area (Abdo et al., 2015).

The changes resulting from this effect can be 
monitored by environmental indicators, which allow 
for quantifying and evaluating the conservation status 
of the forest fragments (Ferraz, 2011). This information 
can help understanding how ecosystemic processes 
and functions respond to the edge effect, which may 
mitigate forest restoration strategies (Riutta  et  al., 
2016) and is of great interest to forest managers and 
conservationists.

Among the biological communities in soils, 
invertebrates can undergo changes in abundance, 
diversity, functional typology and distribution according 
to environmental conditions, modifying their ecological 
interactions and their role in ecosystem functionality 
(Bolger et al., 2000; Primack & Rodrigues, 2001; Silva et al., 
2007; Lindenmayer  et  al., 2008; Rantalainen  et  al., 
2004; Riutta et al., 2012). Groups such as Formicidae, 
Coleoptera, Araneae, Diplopoda and Isoptera, which 
are representatives of the macrofauna, are fundamental 

to the ecosystem functioning because they occupy 
all the trophic levels in the soil food chain and affect 
the primary production in a direct and indirect way 
(Silva et al., 2006; Aquino et al., 2008). In addition, 
these groups promote organic waste fragmentation, 
nutrient cycling, soil aeration and nutrient mobilization 
(Lavelle et al., 1992).

Therefore, it is believed that the edge effect derived 
from forest fragmentation exerts a direct influence on the 
edaphic invertebrate community, thereby determining 
its size and diversity. Based on this assumption, the 
aim of this study was to evaluate the edge effect in 
three forest fragments of a transition region between 
Atlantic Forest and Caatinga using the macrofauna 
community of the soil as an indicator.

2. MATERIALS AND METHODS

2.1. Study area

The study was carried out in three fragments of 
semi-deciduous forest, regionally known as cipó forest, 
in the city of Vitória da Conquista, Bahia. The fragments 
have different sizes: Fragment 1 – smaller, with an 
area of 7.3 ha (14°56’ S and 40°53’ W); Fragment 2 – 
medium, with an area of 45 ha (14°52’ S and 40°47’ 
W); and Fragment 3 – larger, with an area of 142 ha 
(14°52’ S and 40°41’ W). They present similar forest 
structure and disturbance history, with pastures and 
agricultural crops predominating in their surroundings. 
They have different landscape conditions (Table 1): 
Fragments 1 and 2 are totally isolated from other 
forest remnants, while Fragment 3 is connected to two 
smaller fragments by a forest corridor (not evaluated 
in this study). The soils under the fragments belong 
to the same class: dystrophic Red and Yellow Latosol 
(Embrapa, 2006).

The region presents average annual temperature 
of 21 °C and precipitation ranging between 700 mm and 
1,100 mm per year. The period of greatest precipitation 
in the region occurs from November to March, with a 
dry period of four to five months (May to September) 
(Sousa et al., 2013). In addition, the territory is marked 
by great temporal and spatial variability in the rainfall 
distribution, characteristic of arid and semi-arid regions 
(Tagliaferre et al., 2012). The climate of the region is 
type Cwb according to the Köppen classification, which 
is a subtropical highland climate (Sousa et al., 2013).
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2.2. Data collection

Three evaluation ranges were identified in each of 
the fragments, named in this study as edge (from zero 
to 10 meters from the edge), transition (located at 
40 to 50 meters from the edge), and interior (located in 
the center of the fragment, defined by half the distance 
between the ends of each fragment: 180, 400, and 500 m, 
respectively, for Fragments 1, 2 and 3).

The soil macrofauna community was sampled in 
two seasons of the year (dry – September 2015, and 
wet – March 2016), using the method recommended by 
Tropical Soil Biology and Fertility program (Anderson 
& Ingram, 1993). Five repetitions of a soil monolith 
with dimensions of 0.25 m × 0.25 m and 10 cm depth 
were randomly collected in each range. It was ensured 
that the sampling points were at least 5 m equidistant. 
The soil monolith was placed on a plastic tray with a 
white background, and the organisms visible to the 
naked eye were collected. After that, the organisms 
were packed in plastic pots containing 70% alcohol. 
The invertebrates were then identified and counted in 
high taxonomic groups in the laboratory according to 
Dindal (1990).

Soil moisture (%) was determined based on the 
difference between wet and dry mass (at 105 °C, for 
48 hours), as three soil samples were also randomly 
collected per sampling range.

2.3. Data analysis

Density (number of individuals per m2), richness 
(number of groups identified) and Shannon diversity 
and Pielou equitability indexes were calculated based 
on the identification data of the soil macrofauna groups. 
The results were tested for homogeneity (Cochran and 

Barttlet test, 5%) and normality (Lilliefors test, 5%). 
After checking the non-normality and homogeneity of 
the data, the non-parametric Kruskal-Wallis test was 
adopted at 5% significance for comparisons between 
ranges at each season of the year (dry and wet) and the 
Wilcoxon test at 5% for comparison between seasons.

3. RESULTS AND DISCUSSION

In the three forest fragments studied, 15 groups of 
arthropods were sampled in the dry and wet seasons 
of the year. There were no significant differences in the 
density of invertebrate groups between the ranges and 
between the fragments in both periods (Tables 2 and 3).

There were also no differences between ranges in 
the number of individuals of each order and average 
richness (Figure 1). Thus, it was not possible to observe 
well-defined variation patterns for the Shannon diversity 
and Pielou equitability indexes (Tables 2 and 3).

These results show that there was no differentiation 
between the analyzed ranges for these parameters, 
meaning the edge, transition and interior. A distinct 
pattern was observed by Haskell (2000) who studied 
the effect of forest roads, reporting lower abundance 
and diversity of macroinvertebrates in the areas near 
the edges. The same author also reported that the edge 
effect reaches more than 100 meters into the forest on 
abundance, and reaches up to 15 meters on wealth 
(Haskell, 2000). According to Simpson et al. (2012), 
macrofauna feeding activity is also affected by 
fragmentation, decreasing with edge proximity.

The Isoptera order was the group that presented 
the highest number of individuals per m2 in both the 
dry and wet seasons, significantly influencing the total 
values observed (Tables 2 and 3). This result may be 

Table 1. Characterization of the forest fragments studied in relation to landscape.

Indexes
Fragments(1)

1 2 3
Total area (ha) 7.3 45 142
Central area (ha) 2.5 32 113
Elevation (m) 890 915 930
ISO (m) 683 661.5 342.5
PROX (m) 0.16 2.87 29.48
 (1)1 = smaller fragment (7.3 ha); 2 = medium fragment (45 ha); 3 = larger fragment (142 ha); Central area = fragment area excluding 
50 m edges, calculated according to Murcia (1995); ISO = sum of the distance from each fragment to other forest fragments greater 
than 50 ha; PROX = proximity of forest fragments, obtained according to Vidal et al. (2007).
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Table 2. Soil macrofauna community in the dry season in three sampled ranges of Seasonal Semi-deciduous Forest 
fragments in southwestern Bahia, Brazil.

Groups
Fragment 1(1) Fragment 2 Fragment 3

Edge Transition Interior Edge Transition Interior Edge Transition Interior
Araneae 32.0 - - - 9.6 a 9.6 a - 12.8 a 19.2 a
Blattodea 12.8 a 6.4 a - - 19.2 a 12.8 a - - -
Chilopoda - 12.8 a 19.2 a 3.2 a 19.2 a 19.2 a 6.4 - -
Coleoptera 6.4 a 6.4 a 12.8 a 3.2 a - 9.6 a 12.8 - -
Diplopoda - - - - - - - - -
Diptera - - - - 3.2 a - - - -
Formicidae - 12.8 a 6.4 a 25.6 a 12.8 a - - 83.2 a 89.6 a
Gastropoda 6.4 a - - - 3.2 a 6.4 a - 25.6 a 6.4 a
Hymenoptera - - - - - - - - -
Isoptera 537.6 a 48.0 a 320.0 a 198.4 a 387.2 a 425.6 a 57.6 a 275.2 a 396.8 a
Coleoptera larvae 12.8 a 6.4 a - - 3.2 a 22.4 a 16.0 a 25.6 a 38.4 a
Diptera larvae 6.4 a 12.8 a - 3.2 a 6.4 a 9.6 a 6.4 a 6.4 a -
Lepidoptera larvae 6.4 a - - 3.2 a - - - 6.4a -
Pseudoscorpions - - 6.4 - - 3.2 - - -
Scorpionidae - - - 3.2 a - - - - -
Total richness 8 7 5 7 9 9 5 7 5
Shannon 0.90 2.36 0.76 0.99 1.09 1.18 1.77 1.68 1.28
Pielou 0.30 0.84 0.33 0.35 0.34 0.37 0.76 0.60 0.55
 (1) Fragment 1 = smaller fragment (7.3 ha); Fragment 2 = medium fragment (45 ha); Fragment 3 = larger fragment (142 ha). 
Equivalent letters in the row comparing the sampling ranges by fragment do not differ from each other by the Kruskal-Wallis test at 
5% significance.

Table 3. Soil macrofauna community in the wet season in three sampled fragment ranges of Seasonal Semi-deciduous 
Forest in southwestern Bahia, Brazil.

Groups
Fragment 1(1) Fragment 2 Fragment 3

Edge Transition Interior Edge Transition Interior Edge Transition Interior
Araneae - - - - 6.4 3.2 6.4 a 3.2 a 9.6 a
Blattodea 3.2 - - - 3.2 9.6 3.2 - 6.4
Chilopoda - 3.2 12.8 9.6 3.2 - - 3.2 12.8
Coleoptera 3.2 - - 3.2 - - - - 3.2
Diplopoda - - - 3.2 a 3.2 a 9.6 a 3.2 a 3.2 a 3.2 a
Diptera - - - - - - - - -
Formicidae - 3.2 6.4 16.0 12.8 - 9.6 a 16.0 a 9.6 a
Gastropoda - - - - - 3.2 - - -
Hymenoptera - - - - 3.2 - - - -
Isoptera 262.4 a 118.4 a 524.8 a 140.8 a 80.0 a 118.4 a 208.0 a 12.8 a 224.0 a
Coleoptera larvae - 6.4 3.2 3.2 9.6 - - 3.2 3.2
Diptera larvae 6.4 3.2 - 12.8 3.2 - 3.2 a 6.4 a 3.2 a
Lepidoptera larvae - - - - - - - - -
Pseudoscorpions - - - 3.2 - - - - -
Scorpionidae - 3.2 - 3.2 - - - - -
Total richness 4 a 6 4 9 9 5 6 7 9
Shannon 0.34 a 0.90 0.30 1.59 1.93 1.00 0.73 2.47 1.21
Pielou 0.17 a 0.35 0.15 0.50 0.61 0.43 0.28 0.88 0.38
 (1)Fragment 1 = smaller fragment (7.3 ha); Fragment 2 = medium fragment (45 ha); Fragment 3 = larger fragment (142 ha). 
Equivalent letters in the row comparing the sampling ranges by fragment do not differ from each other by the Kruskal-Wallis test at 
5% significance.
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related to the fact that termites have the ability to adapt 
to disturbances and remain active in severe environments 
or during dry seasons, when most arthropods decrease 
their activity, since they can maintain the humidity of 
their nests (Lavelle et al. al., 1996; Jouquet et al., 2011). 
Another factor to be considered is the occurrence 
of eucalyptus planted forests in the vicinity of the 
studied forest fragments, considering that most species 
of this order predominantly occur in exotic forests 
(Dorval et al., 2005).

When analyzing the presence/absence of the different 
orders in each of the ranges in the two evaluation 
periods, it was possible to observe that in the middle 
fragment (Fragment 2), the Formicidae group occurred 
only in the edge and transition ranges (Tables 2 and 3), 
meaning in the zone closest to the fragment exterior. 
Studies in tropical and subtropical forests have shown 
that the richness and abundance of this group is higher 
in environments near the edge (Pinheiro et al., 2010). 
This is usually related to a higher deposit of litter 
(mainly composed of leaves and branches) as a result 
of higher light and wind incidence (Murcia, 1995).

Still in the middle fragment, other orders like 
Blattodea and Gastropoda were only found in the 

transitional ranges and in the interior (Tables 2 and 3). 
The environmental characteristics of the zone closest 
to the edge may have been a limiting factor for the 
occurrence of these orders. The edge presents more 
severe conditions, greater exposure to solar radiation, 
rain and wind, which cause constant change in the 
ecosystem characteristics, such as in soil moisture. 
Normally species found in edge regions are adapted to 
situations of stress or limitations to survival (Ribeiro, 
2011; Riutta et al., 2016).

Considering the greater end-center distance of 
the larger fragment, significant differences between 
the edaphic fauna of the edge and the interior would 
be expected. However, when analyzing the number of 
individuals from each group of the larger fragment, 
no significant variations were identified between 
these two environments in the two evaluation periods 
(Tables 2 and 3). This may be an indication that the 
edge effect did not interfere in the establishment of 
the macrofauna community in the soil in the larger 
fragment.

Similarly, no variations were detected between 
the ranges in the smaller fragment (Fragment 1) 
(Tables 2 and 3), which could suggest an absence of 

Figure 1. Total number of individuals and average wealth of the edaphic macrofauna community of three forest 
fragments in two periods of the year (dry and wet). F1 = smaller fragment (7.3 ha); F2 = medium fragment (45 ha); 
F3 = largest fragment (142 ha). Equal line letters comparing the fragments at each season do not differ by the 
Kruskal-Wallis test at 5% significance. * indicates significant difference between seasons by the Wilcoxon test at 5%.
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edge effect. However, it is likely that this result is related 
to the already expected influence of the smaller size 
and greater isolation of this fragment (Table 1), which 
would be causing a vulnerable condition throughout 
its length. According to Laurance & Vasconcelos 
(2009), the ecological changes that occur due to 
isolation are generally proportional to the fragment 
size. Thus, the observed result would be explained by 
the dominance in proportion to edge habitats, which 
renders biotic and physical differences of the edge 
environment imperceptible in relation to the interior 
(González et al., 2015). Copatti & Gasparetto (2013) and 
González et al. (2015) emphasize that reduced forest 
fragment sizes accompanied by great disturbance and 
environmental degradation results in impoverishing 
the herbivore, predator and parasitoid communities, 
reaching larger proportions in smaller fragments.

When analyzing the results obtained for the two 
seasons of the year, it was possible to observe that the 
Hymenoptera and Diplopoda groups only occurred 
in the wet season (Table 3). In the case of Diplops, this 
occurrence is explained by the fact that they are in a 
dormant state in the dry period of the year (Uhlig, 
2005), since their activity depends on the availability 
of energy resources from the litter biomass during the 
wet season (Teixeira et al., 2014). In turn, the Diptera 
and Lepidoptera larvae only occurred in the dry season 
(Table 2). The other groups of macroinvertebrates were 
found in dry and wet seasons (Tables 2 and 3). This result 
may be related to the fact that the soil presented moisture 
content between 7% and 8% in the two seasons of the 
year without significant differences, since soil moisture 
is one of the factors that influences the activity of 
soil organisms (Simpson  et  al. Riutta  et  al., 2016). 
When comparing the ranges of each fragment between 
the seasons of the year, differences were observed both 
in the number of individuals per square meter (m2) and 
in the average richness of the interior of the middle 
fragment, which presented higher values in the dry 
period (Figure 1). In the larger fragment, differences 
between seasons were only observed for the number 
of individuals in the transition ranges, which was 
also higher in the dry period (Figure 1). The higher 
average richness and density of the fauna in the dry 
season may be a reflection of the higher density of the 
Isoptera group, which (as previously discussed) usually 
remains active even under water restriction conditions 
(Lavelle, 1996; Jouquet et al., 2011). In addition, such 
results may be related to the larger litter deposition 
normally observed at the end of the dry season, as 

found by Vital et al. (2004) in Semi-deciduous Seasonal 
Forest (Figure 1).

A significant variation was observed in the average 
interior richness when comparing the ranges between 
the three fragments for each season of the year, which 
was lower in the smaller fragment in relation to the 
middle fragment (Figure 1). According to Laurance 
& Vasconcelos (2009), small fragments generally not 
only contain a lower species richness as a whole, but 
also a lower density of species per unit area in many 
cases, when compared to larger fragments or to a 
continuous forest.

4. CONCLUSION

The edge effect in the edaphic macrofauna showed 
no interference in density, average richness or number 
of individuals in each group. It was only manifested 
by the presence or absence of groups with greater 
magnitude in the smaller fragment, which only showed 
the occurrence of the Blattodea and Coleoptera groups 
in the edge and of the Chilopoda and Formicidae groups 
in the transitional and inner ranges of the fragment.

The influence of the season on the edaphic 
macrofauna resulted in a higher density and average 
richness of the soil macrofauna in the dry season in 
the transition and interior ranges of the fragments.
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