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Spatio-temporal variation of insects with immature phase in the soil 
of Cerrado Northeast of Brazil 

Holometabolous insects use multiple substrates for ovipositon, laying their eggs on fruits, seeds, and animal tissues, with many species deposit them directly on 
the soil. The study aimed to identify the families of winged insects with an immature phase in the soil and to verify the effect of climatic seasonality in this insect 
guild in different conditions of soil cover in a cerrado area in Northern Brazil. The adult insects were sampled at four sites: I - capoeira forest with litter, II - capoeira 
forest without litter, III - gallery forest with litter, and IV - gallery forest with litter. In each sample site was installed 6 emergency traps, equidistant 5 m from each 
other. The traps remained in the field for 20 months, occupying five different points in the 150 m transections plotted at each sampling site. The collect of newly 
emerged adult insects was carried out weekly, using a suction tube, and identified in family level. The soils of the sampling sites were characterized chemically and 
physically, as well as the climatic factors (humidity and temperature). In this study, a large number of families of insects with immature phase were sampled in 
soils of a region that makes up three larges Brazilian biomes: Cerrado, Caatinga, and Amazon. The number of insect families sampled was affected by climatic 
seasonality but was not affected by spatial variation. The diversity rates recorded in this study were high, with the highest values recorded in the sampling sites 
where the litter layer was preserved, evidencing the role of litter and soil organic matter in preserving and maintaining the biological diversity of the soil. 

Keywords: Habitat; Seasonality; Soil Macrofauna. 

 

Variação espaço-temporal de insetos com fase imatura no solo do 
Cerrado Nordeste do Brasil 

Os insetos holomoetábolos utilizam múltiplos substratos para oviposição, colocando seus ovos em frutos, sementes e tecidos animais, com muitas espécies 
depositando-os diretamente no solo. O objetivo deste estudo foi identificar as famílias de insetos alados com fase imatura no solo e verificar o efeito da 
sazonalidade climática nesta guidla guilda de insetos em diferentes condições de cobertura do solo em uma área de Cerrado Setentrional do Brasil. Os insetos 
adultos foram amostrados em quatro ambientes: I – mata de capoeira com serapilheira, II – mata de capoeira sem serapilheira, III – mata de galeria com serapilheira 
e IV – mata de galeria sem serapilheiral. Em cada ambiente de amostragem foram instaladas 6 armadilhas de emergência, equistantes 5 m uma da outra. As 
armadilhas permaneceram em campo durante 20 meses, ocupando cinco pontos diferentes nas transecções de 150 m plotadas em cada local de amostragem. A 
coleta dos insetos recém emergidos foi realizada semanalmente, com auxílio de um tubo de sucção, e identificadas em nível de família. Os solos dos locais de 
amostragem foram caracterizados química e fisicamente, bem como os fatores climáticos (umidade e temperatura). Neste estudo amostrou-se um amplo número 
de famílias de insetos com fase imatura em solos de uma região que compõe três grandes biomas brasileiros: o Cerrado, a Caatinga e a Amazônia. O número de 
famílias de insetos amostradas foi afetado pela sazonalidade climática, mas não foi afetado pela variação espacial. Os índices de diversidade registrados neste 
estudo foram elevados, com maiores valores registrados nos locais de amostragem onde a camada de serapilheira foi preservada, evidenciando o papel da 
serapilheira e da matéria orgânica do solo na preservação e manutenção da diversidade biológica do solo. 

Palavras-chave: Habitat; Sazonalidade; Macrofauna do solo. 
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INTRODUCTION  
 

Insects are spatially and temporally distributed according to climatic factors, such as temperature, 

humidity, winds, atmospheric pressure, and sunlight (JAWORSKI et al., 2013; BAPTISTA et al., 2014; 

FOURCADE et al., 2017). Temperature and humidity are parameters of greater strength in defining the areas 

of insect occurrence (LEPAGE et al., 2012; ROBINSON et al., 2018), mainly for insects with edaphic habits, 

because in soils, these two factors are more prominent without removing the effects of other climatic 

parameters that affect less edaphic insects. 

The soil biota has morphological adaptations, such as body lengthening, reduction of appendages, 

vestialization or loss of vision, modifications of appendages and tagmas for soil removal and transport 

(MCCOLLOCH et al., 1992). Adaptive adjustments also involve changes in physiology and behavioral aspects, 

especially in insects (SHEIKH et al., 2017; CULVER et al., 2018). These adaptations are more conspicuous and 

can be observed both in organisms that live strictly in the soil and in those that occupy the soil temporarily, 

as well as the immature forms of insects. 

Hemimetabolous insects, especially holometabolas, develop immature phases in specific niches and 

occupy different substrates, such as water, live and decomposing trunks, dead animal carcasses, parasitizing 

other animals (parasitoids), and often in different soil layers (DUAN et al., 2019; YANG et al., 2020). In the 

pedological stratum, a wide variety of immature forms of insects can be found, including adult winged forms 

that have at least one stage of development in the pedological horizons. 

In the pedological environment, immature and mature forms of insects are affected by soil texture, 

density, aeration status, and nutritional status, among others (ROSA et al., 2015; POMPEO et al., 2016). The 

multiplicity of edaphoclimatic factors that affect the organisms residing in soils requires the improvement of 

collection methodologies these organisms. Samples of biological soil material can be obtained directly from 

manual collection and indirectly. In this last method, samples are obtained by Berliese Tüllgren Funnel, 

Macfadyen High Grader Extractor and Kempson Infrared Extractor (CORREA et al., 2000). 

Winged insects lay eggs in water, on the bark of trees, litter, and topsoil. Insect larvae can be 

observed from the 20 cm layer of the soil to 2 meters (OLIVEIRA et al., 2004; CAJAIBA et al., 2017). Insects 

with an immature stage in the soil form an erratically known guild. The identification of this group, in the 

Cerrado environment, adds relevant information to the biology of the families of insects investigated, 

especially in adulthood. 

Many studies with immature soil insects or insects residing in the soil reach groups that include 

Tipulidae, Psychodidae, Sciaridae, Tipulidae, Sciaridae, Bibionidae, Chrysomelidae, Stratiomyiidae, Muscidae, 

Anthomyiidae, Carabidae, Cantharidae, and Dolichopodidae (BENEFER et al., 2016). 

Most of these studies, which involve the immature phase of insects, refer to the aquatic environment 

(URBINATTI et al., 2001; SILVA et al., 2020), fecal beds of bovines and birds (ZIMMER et al., 2006), and address 

insects of medical and agricultural importance. In studies of insects with an immature phase in the soil, the 

emphasis is on taxonomy, reproductive biology, and biogeography. However, there are studies that highlight 
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the effects of physical and chemical attributes of soil on the rate of oviposition and emergence of immature 

insects in the soil (RIIS et al., 1998; OLIVEIRA et al., 2004; RIIS et al., 2005). 

The main orders of insects found in soils are Coleoptera, Diptera, and Hymenoptera, which for the 

most part, are found in the 0–5 cm layer (SEFFRIN et al., 2006). Insects that occupy the first 5 cm of the soil 

are more exposed to thermal variations, humidity, and other factors that can cause their displacement to 

other layers of the soil. Variations in the content of organic matter drastically affect the distribution of 

edaphic insects, with direct impacts on food availability for populations of Scarabeideos, Curculionídeos, and 

Elaterideo (MERLIM et al., 2006). In native forests, the families of Staphylinidae, Carabidae, and Scarabaeidae 

are quite abundant due to the high levels of organic matter and biopores found in natural systems (CAJAIBA 

et al., 2015; 2017; POMPEO et al., 2016). In these environments, the greatest wealth and abundance of the 

arthropodofauna depends on the quantity and variety of food resources and, consequently, the 

heterogeneity/complexity of the forest environment (MAESTRI et al., 2013; LIMA et al., 2020b). 

The abundance and quality of soil organic matter and litter create microenvironments suitable for 

biocenosis of insects residing in the soil or that use the soil temporarily, depositing eggs that evolve into 

larvae and emerge as adults. The study of insects with an immature phase in the soil is quite relevant as it 

adds important data about the biology of the insects studied, especially in the Cerrado, as studies of this 

nature were carried out in the Amazon and Atlantic Forest (CASANOVA, 2001; ALENCAR, 2007). In this sense, 

this study was proposed to (1) identify the families of winged insects with an immature phase in the soil and 

(2) verify the effect of climatic seasonality in the population of this guild of insects under different conditions 

of soil cover in four Cerrado environments of Northern Brazilian ecotone. 

 
METHODOLOGY 
 
Study Area 
 

The study was carried out at Reserva do Itamacaoca, located in the municipality of Chapadinha - MA 

(3 °44'31"S and 43°21'36"W). The area consists of a mosaic of vegetation formations, including riparian and 

gallery forests (tree vegetation established along water courses, associated with springs), preserved and no 

preserved savana fields, forming capoeiras forests.  

 
Sampling 
 

The study was conducted in two environments: secondary forest - capoeira and gallery forest. Each 

of these environments was divided into two sub-environments forming the sites: I - capoeira forest with 

litter, II - capoeira forest without litter, III - gallery forest with litter, and IV - gallery forest with litter, in each 

at the four sites was ploted transects with 150 m each. In sites without litter, the litter layer was removed 

only at the trap installation site. In each sampling site, 6 traps, 5 m equidistant from each other, were installed 

to capture insects emerging from the soil (Figure 1).  

Each trap, pyramid-shaped, contained the following measurements: Ab - base area = 0.25 m2, h-
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height of 0.5 m, and a volume of 0.041 m3, obtained from the formula pyramid volume = 1/3 x Ab x h. 

Considering that the soil area covered by each trap was 0.25 m2 and that each trap was repositioned five 

times during the study, the total area of soil covered by the traps was 30 m2, with 7.5 m2 for each sample 

site. The traps were made to form a pyramidal design, which added the newly emerged insects to the top of 

the respective traps. The material used was iron bars 4.2 mm in diameter and 70 cm long, with 20 cm of the 

bases fixed inside the soil and the upper vertex joining the iron bars with the aid of annealed iron wire. Voile 

fabric (100% polyester round the world) was used to cover the traps, being previously sewn in the measures 

of the iron structure and with a velcro opening of 0.15 m in length on one side of the traps to allow collection 

of the samples. 

 
Figure 1: Emergency trap used to capture adult insects with an immature stage in the soil in an area of the Northeast 

Cerrado of the State of Maranhão, Brazil. Scale 1:10. 
 

The spatial distribution of the traps at each site was changed within the respective transections, 

avoiding sub-sampling due to depletion of individuals under the area delimited by the trap, so that over the 

20 months of sampling, the traps were distributed at five different points within 150 m from each 

transection.The sampling points within each transection were distributed as follows: P1 (0–30 m; period 

01/2010 to 04/2010), P2 (31–60 m; period from 05/2010 to 08/2010), P3 (61–90 m; period from 09/2010 to 

12/2010), P4 (91–120 m; period from 01/2011 to 04/2011), and P5 (121–150 m; period 05/2011 to 08/2011). 

The spatial redistribution of the traps in each transection allowed the rainy seasons to be sampled in the 

following periods: (P1), drought rain transition (P2), drought season (P3), rainy season (P4), and transition 

from the rainy season to the dry season (P5). 

The collection of newly emerged adult insects was carried out weekly for 20 months from January 

2010 to August 2011. In the collection of insects, a suction tube was used. During the weekly collections, 

atmospheric temperature and humidity measurements were taken.The sampled individuals were conserved 

in 70% alcohol and identified at the family level, with the help of Borror et al. (2005) dichotomous key. The 

collected material was deposited in the Soil Arthropod laboratory of the Federal University of Maranhão in 

Chapadinha. 

Three soil samples with a deformed structure were removed in the layers of 0–0.1 and 0.11–0.2 m 

from each of the four sample sites, generating two sets of six samples for each environment, which were 

homogenized to generate a composite sample for each environment. These samples were sent for physical-

chemical characterization in the soil laboratory of the Federal University of Piauí / UFPI-Teresina (Table 1). 
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The pluviometric data were obtained from the meteorological station of INMET (Instituto Nacional de 

Meteorologia). 

 
Table 1: Physical and chemical characterization of the soils in the capoeira forest and gallery forest formations in the 0–
0.1 and 0.11–0.2 m layers, in an area of the Northeast Cerrado of the State of Maranhão, Brazil. 

Physical and chemical atttritutes 
Units 

Capoeira Forest Capoeira Forest Galery Forest Galery Forest 
 0.0 – 0.1 m 0.11– 0.2 m 0.0 – 0.1 m 0.11 – 0.2 m 

Sandy Coarse g.kg-1 330 320 220 320 
Sandy Fine g.kg-1 400 380 410 410 
Silt g.kg-1 170 180 250 160 
Clay g.kg-1 100 120 120 110 
P  mg.kg-1 5 5 3 4 
M.O.  g.kg-1 21 22.1 53.4 19.4 
Da  g.cm-3 1.47 1.38 1.39 1.37 
pH H2O - 4.6 4.5 4.3 3.9 
C.E.  mS.cm-1 0.1 0.1 0.3 0.1 
Na+ Saturation cmolc.dm-3 1 1 4 2 
Ca2+ cmolc.dm-3 1.1 1.2 2.1 1.4 
Mg2+ cmolc.dm-3 0.4 0.9 0.02 1 
K+ cmolc.dm-3 0.09 0.06 0.07 0.05 
Na+ Saturation cmolc.dm-3 0.4 0.07 0.31 0.18 
H +  cmolc.dm-3 4.5 3.6 5.8 5.3 
      
Al3+ cmolc.dm-3 0.3 0.5 0.5 1 
Sat. Al3+ cmolc.dm-3 15 19 28 28 
S  cmolc.dm-3 1.7 2.2 2.5 2.6 
C.E.C. cmolc.dm-3 6.5 6.3 8.8 8.9 
V % 26 35 28 29 

P (Phosphorus) M.O. (Organic Matter), C.E. (Electrical Conductivity), Ca2+ (calcium), Mg2+ (magnesium), K+ (potassium), 
Na+ (sodium), Sat. Al3+ (Aluminum Saturation), S (sum of exchangeable bases), C.E.C. (Cation Exchange Capacity), V% 
(base saturation). 
 
Analyses 
 

Direct count data from the identified insect families was used to generate the ecological indexes: 

Shannon's diversity 𝐻ᇱ = ෍
௡௜

ே

௦

௜ୀଵ
. 𝑙𝑛

௡௜

ே
 and the equitability index of Pielou 𝐽ᇱ =

ுᇱ

ு ௠௔௫
 where H max = Ln(S), 

S = total number of families sampled, N = total number of individuals sampled, ni = number of individuals 

sampled for the i-th family, and Ln = neperian logarithm. These indices were calculated using the Microsoft 

Office 365 Excel program. Data on the count of insect families per treatment were not normal, and the 

treatments were compared parametrically by the Kruskall Wallis test using the Software Infostat 

(CASANOVES et al., 2012). 

 
RESULTS 
 

Fifty-one insect families distributed in eight orders and one Collembola family, of the order 

Entomobrymorpha, family Entomobryidae, were identified. The largest number of families were found in the 

orders Diptera, Coleoptera, Hemiptera, and Hymenoptera. In these four orders, there were 44 of the 51 

families identified in the four sampling sites (Table 2). 

The most common families in the four sampling sites were registered in the orders Hymenoptera, 

Hemiptera, Coleoptera, Diptera, and Blataria. In these five orders, the most abundant families were 

Cicadelidae, Curculionidae, Crysomelidae, Dolichopodidae, Sciaridae, Tipulidae, Limoiidae, Ceratopogonidae, 
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and Blatidae, while the least abundant were Melandryidae and Staphynilidae of the order Coleoptera, 

Ochteridae, Echteridaeidae, and Sphecidae in the order Hymenoptera, Gilhechidae and Tineidae in the order 

Lepidoptera, Ptiloneuridae in the order Psocoptera, and Entombryidae in the order Entomobrymorpha (Table 

2). 

 
Table 2: Families of insects with an immature phase in the soil collected in five sampling periods (P1, P2, P3, P4, and P5) 
and in four sampling sites (I - capoeria bush with serpilheira; II - bush forest without serpilheira, III - gallery forest with 
litter and IV - gallery forest without litter) in an area of the Northeast Cerrado of the State of Maranhão, Brazil. 

ORDERS AND FAMILIES 
SITE I SITE II SITE III SITE IV 
P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 P1 P2 P3 P4 P5 

BLATARIA                        

Blattidae          1   3    2 3     

COLEOPTERA                        

Alleculidae  1 1                     

Bibionidade             2           

Carabidae 3            2      1     

Cantharidae             1           

Crysomelidae 4 1   2 1 2   2 8      1     

Curculionidae 7 5   1 17 5   1 2 2     1 1    

Dysticidae             10       1    

Elateridae              1          

Lampyridae                     1    

Melandryidae   1                     

Nitidulidae             3      1     

scarabeidae       4       1     2     

Scotylidae             9           

Staphylinidae             1           

DIPTERA                        

Curtonotidae 1            1           

Cecidomyiidae           1 2           

Ceratopogonidae 4      1 1  1   11           

Chamaemyiidae             1           

Chironomidae             12      1 1    

Culicidae          1              

Dolichopodidae 1 1   1 2 2     5 1        1  

Drosophilidae       2                 

Empididae 1             1          

Ichneumonidae   1                 1    

Limoniidae        1     8 5      5    

Muscidae 2  1          1           

Phoridae 2    1 3      4    1  1    

Psychodidae     1 2   1       1      

Rhagionidae       1                 

Sciaridae 2 3     6 7  1   3 3     1     

Tabanidae   1    2      1           

Tanyderidae             1           

Tipulidae             13      9     

HEMIPTERA                        

Cicadellidae 2  1  2 2    1 2  1  1   1   

Flatidae  1     1      6           

Nabidae 1                       

Ochteridae             1           

Reduviidae 1            1           

HYMENOPTERA                        

Braconidae 2 1                      

Chalcididae 2    1       1           

Evaniidae 2                       

Pompilideae 1                       

Pteromolidae 1                       

Sphecidae              1          

LEPIDOPTERA                        

Gelechidae     1                  

Tineidae              1           
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ORTOPTERA                        

Acrididae   1    1      4      1 1    

Gryllidae             1    1     1 
PSOCOPTERA                        

Myopsocidae 2                       

Ptiloneuridae  1                       

COLLEMBOLA                        

Entombryidae  1                 1     

TOTAL 42 14 7 0 10 45 18 0 5 5 121 15 1 0 6 22 12 1 1 1 
Diversity for Periodss (H') 3 2 1.9 0 2 2 2 0 2 1 3 2 0 0 2 2 2 0 0 0 
Equitability for Periods (J') 1 1 1 0 1 1 1 0 1 1 0.6 1 0 0 1 1 1 0 0 0 
Diversity for Sites (H') 3.02 2.26 3.17 2.62 
Equitability for Sites (J') 0.70 0.53 0.64 0.73 

P1 - rainy season; P2 - rainy season / dry season transition; P3 - dry season; P4 - rainy season; P5 - rainy season / dry 
season transition, H' – Shannon's diversity, J' – Pielou equitability. 
 

There were no statistical differences between the number of insect families found in the four 

sampling sites. Sites I, II, III, and IV were statistically equal (Kruskal-Wallis H = 2 and p = 1; Table 3). Absolute 

data showed that sites I and II had the same number of individuals, 73 at each site distributed in 29 and 18 

families, respectively. At sites III and IV, 143 and 37 individuals were found, respectively, distributed in 36 

and 19 families at these two sites (Table 2). The number of individuals at site III was 3.8-fold greater than the 

number of individuals at site IV, which had 1.89-fold fewer families than site III. 

 
Table 3: Analysis of variance (Kruskal-Wallis), families of insects sampled at Sites I (capoeira forest with litter), Site II 
(capoeira forest without litter), Site III (gallery forest with litter), and Site IV (gallery forest without litter) in an area of 
the Northeast Cerrado of the State of Maranhão, Brazil. 
Sites N Average Standard Deviation C.V Median H p Ranks 

 19 5.05 8.23 61.36 2 2 1 42.42A 
II 19 4.11 6.7 61.34 1   38.58A 
III 19 8.53 18.88 45.18 1   39.82A 
IV 19 2.42 5.43 44.56 0   33.18A 

C.V.coefficient of variation. 
 

The families Evaneidae, Ptloneruridae, Alleculidae, and Melandryidae were found only at Site I. 

Rhagionidae and Culicidae were registered at Site II, Scotilidae, Tanyderidae, Bibionidae, Sphecidae, 

Elateridae, and Empididae at Site III, and Lampyridae only at Site IV.Bibionidae, Curculionidae, Dysticidae, 

Tipulidae, Escarabeidae, and Chironomidae were found in sites I, II, III, and at the site IV Carabidae and 

Phoridae (Table 2). 

The number of families and individuals sampled in the first collection period was statistically higher 

than in the other collection periods (Table 2). These differences were observed at all sampling sites, especially 

at sites I and III, where the litter layer was preserved. (Table 2). Dolichopodidae and Curculionidae families 

were found only in collection periods P1 and P2. The family Sciaridae was registered in periods P1, P2, and 

P4 and individuals of the family Tipulidae occurred only in period (P1) of sites III and IV.The first period of 

collection was climatologically classified in the study region as rainy winter, which accumulated about 1000 

mm of rain Figure 2. 

In the following periods, the number of insect families was similar, with no differences between 

periods of drought, rain, and the transition periods between these seasons. Periods P4 and P5 corresponded 

to the rainy season of the second year of collection, when 1942 mm of accumulated precipitation was 
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recorded (Figure 2). Variation in the amount of rain in 2010 for 2011 affected the soil moisture. During the 

rainy season, humidity rises but decreases dramatically during the dry season.The volume of water in the soil 

in the first rainy period (January to July 2010) was less than the volume of water in the second rainy period 

(January to June 2011). The temperature did not show significant variations during the collection period, 

remaining around 30°C. 

 

 
Figure 2: Temperature, atmospheric humidity, and accumulated precipitation in an area of Cerrado located in the 

Northeast of Brazil in the period from January 2010 to June 2011. 
 

The soil at sites I and II are sandy, with lower levels of organic matter, less potential for water 

retention, denser, poor in nutrients, and more acidic when compared to the soil at sites III and IV.In these 

last two sites, the hydromorphic conditions of the soil due to the superficialization of the water table stands 

out. The granulometry of these soils rich in clay and silt and the high teors of organic matter keep these soils 

saturated even in the dry season (Table 1). 

The equitability indices (Table 2) show uniformity above 50% for the communities of winged insects 

with an immature phase in the soils at the four sampled sites. Shannon's diversity indices were similar at sites 

I and III, where the litter layers were preserved. The diversity indices at these sites were 3.02 and 3.17, being 

higher than the values obtained in the places where the litter layers were removed (sites II and IV), which 

registered 2.26 and 2.62, respectively. The differences between these ecological indices were treated 

considering the absolute values, therefore, they were not statistically validated, since the nonparametric 

comparison of these data by the Kruskal-Wallis test did not mark these differences (H = 1.32 p = 0.67). The 

diversity and equitability indices of the first sampling period at all four sites was higher than the values 

obtained for the other sampling periods (Table 2), being equivalent to the sum of these indices obtained at 

each sampling site (Table 2). 

 
DISCUSSION 
 

The expressive number of insect families collected in this study was greater than the records obtained 

for this same taxonomic group in the biomes adjacent to the study area, as shown by the data obtained in 

the Caatinga by Azevedo et al. (2011). The specificity of the collection method used in this study, which 

includes only the insects that nest in the soil or in the litter, more strongly validates the differences between 

the number of insect families obtained in this study in relation to other studies with families of insects 
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collected in the Cerrado biome and surroundings, adopting more than one collection method (CAJAIBA et al., 

2015; AZEVEDO et al., 2016; POMPEO et al., 2016; GUEDES et al., 2019). The greater number of taxa in the 

study area was supported by the ecotonal peculiarity of the region, which borders the Pre-Amazon and 

Caatinga. Ecotonal zones accumulate a greater number of species (BEGON et al., 2007; RICKLEFS, 2010), 

mainly of insects, which constitute the group of edaphic invertebrates most frequently found in the soil 

(LEIVAS et al., 2008). In these ecotonal regions, insects encounter pedoclimatic conditions that favor 

development (MORRONE, 2006; TURNEY et al., 2018; LIMA et al., 2020a). This premise of greater diversity in 

ecotonal zones is permissible even in regions that tend to aridity, as was the study area of this study and in 

arid regions, as highlighted by SALOMÃO et al. (2019). 

The dominance of individuals of the orders Diptera, Coleoptera, Hymenoptera, and Hemiptera in the 

studied soils would not be uncommon, given that these orders are composed of insects with indirect 

development, which find the soil a favorable substrate for the development of intermediate phases (ROSA 

et al., 2015; POMPEO et al., 2016). Soil is a substrate rich in refuges and resources necessary for the 

development of intermediate phases of many animals, mainly insects (DUAN et al. 2019; YANG et al., 2020), 

especially for those with immature phases that develop in the soil. 

The quantitative data obtained for families of insects with an immature phase in the soil in this study 

area cannot be directly compared with studies of similar environments because there are no studies of this 

nature in regions of the Cerrado of Brazil, especially in ecotonal areas. Similar studies using the same method 

were conducted in the Amazon by Alencar (2007) and the Atlantic Forest by Casanova (2001) with the 

purpose of capturing sandflies. These authors used emergency traps to capture Psychodidae and collected 6 

to 8 times more individuals than that collected for this family in this study, showing that the 

phytophysiognomies and edaphoclimatic conditions of the studied Cerrado were not favorable for the 

development of these insects. When emergency traps were installed in the peridomicile by Casanova (2001), 

the number of captured phlebotomines was increased, as these environments accumulate favorable 

conditions for the development of these insects with a rich supply of substrates, shelter, and food for the 

development of larval and adult phases (XIMENES et al., 2007). Silva et al. (2010) confirmed the high 

adaptability of Psychodidae to the peridomillar environments, especially the vector species of tropical 

diseases belonging to the genus Lutzomya. 

The collection traps used in this study were not efficient to sample all the variations in the surfaces 

of the studied soils. It was not possible, for example, to adjust the base of the trap squares to the basal 

circumferences of tree trunks and termite mounds frequently used for nesting insects of the Pompilidae 

(SZCZEPKO et al., 2020) and Sphecidae families that build nests in dry, sandy soils, on dead trunks deposited 

on the ground (OLIVEIRA et al., 2020). 

The small number of insect families of the order Lepdoptera was due to the prevalent presence of 

immature forms of these insects in fruits, seeds, and other substrates outside the soil (AZEVEDO et al., 2016). 

Pscoptera and Colembola had a low frequency in this study because the collection method used was not 

appropriate for sampling insects of these orders, which are usually collected with the aid of a Berlese funnel 
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(SANTOS et al., 2016). 

The most frequent insect families in this study were in the dominant orders in the study 

environments, such as the Curculionidae and Crysomelidae families of the order Coleoptera that are 

frequently found in soil (LINZMEIER et al., 2006; CAJAIBA et al., 2015) and in the families of insects of the 

order Diptera that are also recurrent in the pedological environment (BENEFER et al., 2016) with emphasis 

on the mosquitoes of families Sciaridae, Tipulidae, Limoniidae, and Ceratopogonidae. 

The prevalence of Cicadelliade of the order Hemiptera is typical in environments with greater 

expression of aridity, such as the Cerrado of the study area, especially in the capoeira forest 

phytophysiognomies (sites I and II) where these insects were sampled in greater number, corroborating the 

observations of Azevedo et al. (2011) and Creão-Duarte et al. (2012) that present the Cicadellidae as a family 

of insects with accessory species in the Brazilian caatinga. Azevedo et al. (2015) reiterated the strong 

association of Cicadellidaes with arid and anthropized environments. According to these authors, these 

environments favor the aerial displacement of these insects and offer a greater supply of substrates and 

resources more easily accessible to phytophages in this family. 

Insects of the families Grilidae and Cynidae found in sites I and II of the capoeira forest are frequently 

found in phytophysiognomies of dry forests, where there are low levels of humidity and a reduced volume 

of litter, as verified by Azevedo et al. (2016) for insects from these same families. In the xerophytic conditions 

of dry forests, the insects of these families lay eggs in the subsurface layers of the soil, sheltering them from 

the effects of desiccation and dehydration (JAWORSKI et al., 2013). From the physical attributes to the 

chemical attributes of the soil, there is a wide spectrum of variables correlated to the population dynamics 

of the edaphic macrofauna (ROSA et al., 2015). Soil insects integrate and interact with soils, modifying the 

pedological environment and producing favorable conditions for colonization.even of arid soils, as do insects 

of the Grilidae family that alter the thermal and humidity conditions of dry soils, mobilizing organic matter 

to keep these soils moist (YANG et al., 2020), guaranteeing them the necessary humidity and temperature 

conditions for the development of edaphic insects (LEPAGE et al., 2012). In the savannah, soils with physical 

and chemical attributes appropriate to the production and maintenance of aerated pedological 

microenvironments and lower temperatures produce rich and abundant soil substrates in adult and 

immature insect species adapted to these environments, mainly families of Sacarabeidae, Staphyilinade 

(POMPEO et al., 2016) and Hymenoptera-Formicidae (SILVA et al., 2017; LIMA et al. 2020b).  

The greater abundance of samples in the first collection period shows the effects of high levels of 

water in the soil, affecting the community of edaphic organisms. Edaphic insects are not abundant in 

saturated and unsaturated water soils. Intermediate water levels favor amplification of the richness and 

abundance of insects in the soil, as observed in this study and by Zagatto et al. (2020), who observed a strong 

correlation of average water content in the soil with an abundance of edaphic insects. Soils in these 

conditions of humidity and porosity have appropriate proportions of porous space for aeration and water 

retention (POMPEO et al., 2016). However, there are many groups of insects and other soil invertebrates 

dependent on varying levels of soil moisture (CAMARA et al., 2019), with some very successful groups in 
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humid to hydromorphic soils, such as insects of the family Sciaridae of the order Diptera and insects of the 

family Dysticidae of the order Coleoptera (BORROR et al., 2005; AZEVEDO et al., 2016). However, the families 

of Coleoptera (Aleculidade, Crysomelidae and Curculionidae) and Diptera (Phoridae and Dolichopodidae) are 

not viable in soils saturated with water, needing water only to avoid the effects of desiccation and 

dehydration at different stages of development (JAWORSKI et al., 2013; VISSER et al., 2018). 

Temperature was not an unstable variable during the observation periods. The proximity of the study 

area to the Equator keeps the temperature in very stable ranges during the different seasons. The most 

significant thermal variations occur between daytime and nighttime, often with gradients close to 15°C 

between the maximum temperatures recorded during the day and the minimum recorded at night 

(NOGUEIRA et al., 2012). Therefore, the variation occurs between night and day shifts but remains stable 

during those shifts. Thermal stability in day and night shifts reduces the stress of environmental factors on 

the insect community of this region, mainly for immature forms that live in the soil, where this substrate 

naturally reduces and/or neutralizes the effects of thermal variations that affect this group of arthropods 

sensitive to changes in temperature and humidity (LUCIA et al., 2012). 

The removal of the litter layer at sites II (capoeira forest) and IV (gallery forest) did not change the 

temperature significantly; this was most likely because the cover and shading of the trap itself had mitigated 

the effects of sunlight on the soil in these treatments. The litter minimizes the local temperature as it is a 

labile source of trophic resources and mainly a source of refuge for insects residing in this stratum (Silva et 

al., 2020), in the subsurface layers of soils where the physical and chemical attributes of the soils define 

optimal pedoecological rules that govern the taxonomic and ecological dynamics of life on the ground (ROSA 

et al., 2015, POMPEO et al., 2016) and above-ground (LEPAGE et al., 2012), where they are subject to the 

effects of vegetation cover and climatological factors. 

The predominantly xerophytic climatology of the Cerrados, especially in the central and northeast 

regions of Brazil, contrasts with the formations of wet forests found on the edges of rivers and springs of this 

biome. The edaphic fauna of these environments is predominantly composed of insects of the order 

Coleoptera (AZEVEDO et al., 2016), adapted to soils saturated with water and suitable for the development 

of aquatic larval phases, such as beetles of the family Dityscidae, which can be found in the adult phase even 

in xeric environments, as long as there are hydromorphic environments in the surrounding area (GUEDES et 

al., 2019). The occurrence of insects of the Carabidae and Phoridae families in the four sample sites showed 

that these insects are possibly affected by other factors that were not evaluated in this study, or this may 

confirm the resilience and high adaptability of these insects to extreme environments, such as the family fly 

larvae. Phoridae can be found in a wide range of substrates (BORROR et al., 2005). The beetles of the 

Carabidae family (AZEVEDO et al., 2016) are known for the diversity of substrates that they use for nesting, 

as well as the Phoridae flies (BORROR et al., 2005) that lay eggs in decomposing animal and vegetable tissues, 

oviposit in other insects, and may also use termite nests. 

The diversity indices obtained in all treatments in this study were considered high, even those 

obtained in treatments where the litter layer was removed: site II - Capoeira forest and site IV - Gallery forest. 
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Diversity indices from 2.26 to 3.17 must be seriously observed, as the collection method adopted in this study 

only sampled part of the insect community of tropical dry forests, where the expected diversity indices, 

according to Wulandari et al. (2018), should be close to 1. The diversity indices observed for families of insects 

with an immature phase in the studied soils may reflect the diversity of this community at lower taxonomic 

levels, since indices of diversity of insect families can be used as predictors of the diversity of species (ZOU et 

al., 2020). However, there are factors that can affect these prediction models, and in the specific case of sites 

I and III, the maintenance of the litter layer increased the diversity by 30% and 20%, respectively. 

The highest levels of diversity recorded at sites I (capoeira forest, with litter) and III (gallery forest 

with litter) shows the relevance of litter in the composition and maintenance of soil diversity. The litter layer 

forms an environment with thermal and humidity conditions favorable to the development of epigeic and 

endogenous organisms, in addition to providing them with large stocks of food and microrefuge as 

highlighted (BORGES et al., 2019; PESSOTTO et al., 2020). In these terms, it is possible to think of the litter 

composing one of the layers of the pedological horizon, forming an appropriate environment for the 

development of insects in immature stages and for other organisms that have a complete life cycle in this 

environment, such as the Collembola mentioned by Borges et al. (2019). 

At sites I and II with and without litter, located in the capoeira forest, the difference between the 

diversity indices and the similarity of the abundance data reiterates the effect of litter on the composition of 

more diversified, equitable, rich, and abundant families. At sites III and IV of the gallery forest, the removal 

of the litter layer significantly affected the results obtained. In these two environments, insects used litter as 

a nesting substrate. The use of litter as a nesting substrate is mainly due to the hydromorphic condition of 

soils in environments III and IV.In site IV, where the litter was removed, there were families of insects with 

larval stage adapted to water saturated environments, such as beetles of the family Dysticidae. 

Site IV had appropriate humidity and temperature conditions for recording higher values of diversity, 

as humid and forested environments are rich and abundant in insects (JAWORSKI et al., 2013; LOPES et al., 

2017). However, this did not happen because the soils on this site were saturated with water, causing most 

of the immature community in these environments to develop in the litter, and as the litter layer in this place 

was removed, this reduced the wealth and abundance of insects in that area site, where the dominant 

families were those of insects with immature phases adapted to anoxic and saturated soils with water 

(AZEVEDO et al., 2016; MBOYE et al., 2018). These environments limit the development of many insect 

species with a larval stage in the soil (VISSER et al., 2018) but species tolerant to anoxic conditions are 

abundant in these soils. 

 
CONCLUSIONS 
 

This study presents a high number of insect families with an immature phase in the soil, while the 

majority researches with the soil organisms involve Dipteras of the Culicidae´s family. In this study, the 

community of winged insects with an immature phase in the soil was quite diversified. The diversity rates 

were higher in the sample sites where the litter layer was preserved. The number of insect families sampled 
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was affected by climatic seasonality. The spatial variation did not affect the number of insect families 

collected in the four sampling environments.  
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