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Abstract: Studies on soil araneofauna in the Cerrado biome are still scarce in northeastern Brazil, especially in Maranhão. This study aimed to conduct 

an inventory of richness, diversity, and faunal similarity estimators of soil spiders in two vegetation formations of the Cerrado biome, namely gallery 

forest and Cerrado sensu stricto, in the Inhamum Municipal Environmental Protection Area (EPA), Caxias, Maranhão, Brazil. Collections were carried 

out during dry and rainy periods using Provid-type traps. For faunal analysis, species richness, diversity and equitability tests were used in the Anafau 
program and faunal similarity tests in the R program. In the present inventory, 23 families, 37 genera, and 43 species were identified. Richness estimators 

and species accumulation curves generated for both sites (gallery forest and Cerrado sensu stricto) revealed that the sampling effort was not sufficient to 

fully quantify soil araneofaunal species; therefore, the richness of soil spiders at the two analyzed sites of the Inhamum EPA is underestimated, suggesting 
that it might be possible to record even higher richness values in the two studied vegetation formations of the Cerrado biome. The Shannon–Wiener 

diversity index (H′) and Pielou's evenness index (J′) were similar and indicated a moderate diversity of soil spiders in both gallery forest and Cerrado 

sensu stricto sites. Similarity dendrogram analysis showed that the soil spider communities analyzed were substantially similar, with most species 
occurring at both sites. 

Keywords: Spiders; Phytophysiognomies; Maranhão. 
 

Resumo: Estudos sobre a araneofauna de solo no bioma Cerrado ainda são escassos na região Nordeste do Brasil, especialmente no Maranhão. O objetivo 

do presente estudo foi realizar um inventário sobre as estimativas de riqueza, diversidade e similaridade faunística de aranhas de solo em duas formações 
vegetais do bioma Cerrado (Mata de Galeria e Cerrado sensu stricto) presente na Área de Proteção Ambiental Municipal do Inhamum (APA do Inhamum), 

em Caxias, Maranhão. As coletas foram realizadas durante os períodos secos e chuvosos utilizando armadilhas do tipo Provid. Para as análises faunísticas 

foram utilizados os testes de riqueza de espécies, diversidade e equitabilidade no programa Anafau e de similaridade faunística no programa R. Neste 
inventário foram identificadas 23 famílias, 37 gêneros e 43 espécies. Os estimadores de riqueza e as curvas de acumulação obtidas para ambas as áreas 

(Mata de Galeria e Cerrado sensu stricto) revelaram que o esforço não foi suficiente para quantificar totalmente as espécies e que, portanto, a riqueza de 

aranhas de solo nas duas áreas analisadas da APA do Inhamum encontra-se subamostrada, sendo possível encontrar riqueza ainda maior nas duas 
formações vegetais estudadas do bioma Cerrado. Os índices de diversidade de Shannon-Weaver (H’) e de Equitabilidade de Pielou (e) foram similares e 

os valores obtidos apontam para uma diversidade moderada tanto na Mata de Galeria como no Cerrado stricto sensu. A análise do dendrograma de 

similaridade mostrou que as comunidades de aranhas analisadas são bastante semelhantes entre si, com a maioria das espécies ocorrendo em ambas as 
áreas. 

Palavras-chave: Aranhas; Fitofisionomias; Maranhão.  
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1. Introduction 

As the second largest Brazilian biome, the Cerrado is notable for its great geographical extension and vast diversity of 

lithologies, landforms, and soils. Given this high heterogeneity, the vegetation of the Cerrado biome is one of the most 

diverse in Brazil (PEREIRA et al., 2011). In northeastern Brazil, the highest concentrations of Cerrado vegetation are 

found in Piauí and Maranhão States, with approximately 10,000,000 hectares distributed throughout more than 38 

municipalities (NERES; CONCEIÇÃO, 2010).  

The Cerrado is one of the world's biodiversity hotspots, and also one of the richest and most threatened biomes 

worldwide (MMA, 2002). Cerrado areas have been subject to intense degradation (LEITE et al., 2010; FERNANDES; 

PESSOA, 2011; SOUZA et al., 2020), and the loss of native vegetation is occurring at an alarming rate. A major 

environmental problem of the modern world is the increasing fragmentation of forest ecosystems, which affects species 

richness and diversity (LAURANCE et al., 2002). For this reason, new studies on the species composition and richness of 

the Cerrado biome should be encouraged (CARVALHO; AVELINO, 2010). 

Structured inventories have been increasingly used in faunal studies to assess patterns of species richness and diversity, 

mainly because they allow drawing comparisons between environments (CODDINGTON et al., 1996; MARTINS, et al., 

2022; RODRIGUES, et al., 2021; FORMIGA, et al. 2020; SOARES, et al., 2020). Studies on soil araneofauna in the 

Cerrado biome are still scarce, limited to a few records of taxonomic and geographical nature (CARVALHO; AVELINO, 

2010; MORAES, 2014; SANTANA, 2015; OLIVEIRA et al., 2017). Spiders are recognized as bioindicators of 

environmental quality, owing to their extreme sensitivity to natural and anthropic disturbances (ROCHA, 2017).  

Brazil has one of the greatest diversity of spiders in the world (BRESCOVIT et al., 2011). A total of 625 species were 

recorded in the Cerrado alone, 169 of which are endemic to this biome (OLIVEIRA et al., 2017). Because of their high 

species richness, easy sampling, and sensitivity to environmental factors, spiders can be used to assess differences in 

environmental conditions between habitats (RODRIGUES, 2020). 

In view of these considerations, this study aimed to conduct an inventory of richness, diversity, and faunal similarity 

estimators of soil spiders in two vegetation formations of the Cerrado biome in the Inhamum Municipal Environmental 

Protection Area (APA of Inhamum), Caxias, Maranhão, Brazil. This study contributes to expanding our knowledge of 

spider biodiversity in the region and may provide some insight as to how this diversity is maintained in the two vegetation 

formations analyzed. This is the first standardized survey of soil spiders carried out in the area. 

 

2. Metodology 

2.1 Study sites 

Collections were carried out at two experimental sites in the Inhamum EPA, representing two typical vegetation 

formations of the Cerrado biome, namely gallery forest (Site 1) and Cerrado sensu stricto (Site 2) (Figure 1). The Inhamum 

EPA is characterized by dry subhumid climate with two well-defined periods, a rainy season from January to June and a 

dry season from July to December (ALBUQUERQUE, 2012).  

In the Cerrado biome, gallery forests are characterized by large amounts of grasses and leaf litter, arboreal species, and 

dispersed trees, forming a continuous canopy (da SILVA et al., 2016). Cerrado sensu stricto also has a typical vegetation, 

characterized by well-defined arboreal and shrubby-herbaceous strata and small to medium-sized trees without a 

continuous canopy (CONCEIÇÃO et al., 2014). 
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Figure 1 – Location map of the Inhamum Municipal Environmental Protection Area, Caxias, Maranhão, Brazil, showing 

the vegetation formations of the Cerrado biome sampled in the study. Site 1= Gallery forest; Site 2= Cerrado sensu 

stricto.  

Source: Authors (2020). 

 

2.2 Sampling design and spider identification 

 

Specimen collection was carried out during the dry (October, November, and December 2017) and rainy (January, 

February, March, and April 2018) seasons by using Provid traps (FORNAZIER et al., 2007; GIRACCA et al., 2003). The 

traps were distributed in the gallery forest (Site 1) and Cerrado sensu stricto (Site 2). At each site, six parallel transects (10 

× 10 m) and 30 sampling points were demarcated, totaling 60 sampling points (SOARES et al., 2020).  
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The collected spiders were fixed in 70% ethanol and sent for identification at the Butantan Institute. Adult individuals 

were identified at the species or morphospecies level, whereas immature individuals were counted and discarded. The 

material was deposited in the collection of the Zoological Collections Laboratory of the Butantan Institute (curator: A. D. 

Brescovit). Specimen collections were authorized by ICMBio/IBAMA (License no. 583781). 

 

2.3 Faunal analysis 

 

Species richness was estimated using ANAFAU software (MORAES et al., 2003) based on 100 permutations. The 

relationship between species richness and sampling effort was analyzed by constructing two species accumulation curves 

(one for each sampling site) using R software version 3.3 (R Core Team, 2017), with 95% confidence intervals (α < 0.05) 

(EFRON; STEIN, 1981).  

Species diversity at each site was evaluated using the Shannon–Wiener diversity index (H′) (Begon et al., 1996). 

Comparisons between diversity indices (H′) were performed using the t-test proposed by Hutcheson (1970) apud Magurran 

(1988). Multiple pairwise comparisons were performed using Bonferroni correction (ZAR, 1984) with a 95% confidence 

interval (α = 0.05). Pielou's evenness index (J′) was also determined (MAGURRAN, 1988). Diversity and evenness indices 

were calculated using ANAFAU software (MORAES et al., 2003). 

Araneofaunal compositions at Sites 1 and 2 were compared by month of collection (from October 2017 to April 2018). 

The comparison was made using the Jaccard similarity index (SJ′) (MUELLER-DOMBOIS; ELLENBERG, 1974). The 

resulting faunal similarity indices were used for cluster analysis by the unweighted pair group method with arithmetic 

mean (UPGMA) and generation of a dendrogram (SNEATH; SOKAL, 1973). These analyses were performed in the R 

environment (version 3.3, R Core Team, 2017). 

 

3. Results and Discussion 

3.1 Composition of soil araneofauna 

 

In this inventory, 23 families, 37 genera, and 43 species were identified from 543 specimens of soil spiders, including 

253 adult individuals and 290 juveniles. Of the total number of adult specimens, 111 were collected in gallery forest (Site 

1) and 142 in Cerrado sensu stricto (Site 2). Of the 43 species identified, 18 were singletons and 8 were doubletons. Most 

of the species collected in this study (70% of the identified species) are recorded for the first time in Maranhão State (see 

SOARES et al., 2020). 

 

3.2 Richness estimators and species accumulation curves 

 

Richness estimators ranged from 38 (Bootstrap) to 57 (Jackknife 2) species for Site 1 and from 40 (Bootstrap) to 67 

(Chao) species for Site 2 (Table 1). All estimators were higher than the observed richness (Site 1 = 31 species and Site 2 

= 32 species), indicating that the sampling effort was insufficient. Therefore, the richness of soil spiders at the two analyzed 

sites of the Inhamum EPA is underestimated, and it might be possible to find even higher species richness in the two 

vegetation formations of the Cerrado biome. These results may explain the large proportion (41.9%) of species represented 

by one individual only (singletons). 

None of the species accumulation curves (Sites 1 and 2) showed a tendency to reach an asymptote (Figure 2), thus, the 

curves were not stabilized, suggesting that the sampling effort was not satisfactory to comprehend the total number of 

species at each site. Such a finding corroborates richness estimators, which differed considerably from the observed 

richness. According to Santos (2003), this situation is common in inventories of tropical regions, where stabilized curves 

of species accumulation are unlikely to be obtained. 

Similar results were observed by Azevedo et al. (2017) in an inventory study of epigeal spiders from a forest fragment 

in an urban area in Fortaleza, Ceará State. The analyses indicated a considerable percentage of rare species (17.33% of the 

total species were singletons), and, according to the authors, the non-stabilization of richness estimators and species 

accumulation curves indicated that the area requires greater sampling efforts. 

In the study of Coddington et al. (2009), who carried out large inventories of tropical arthropods, singletons 

corresponded on average to 32% of the sampled species, a number considered high and indicative of undersampling. 

According to Silva (2012), species accumulation curves, as well as richness estimators, provide subsidies for decision-
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making in relation to taxonomic richness and biodiversity conservation and are important tools for determining the 

adequacy of the sampling effort. 

 

Table 1 – Richness estimators of soil spider species collected from two vegetation formations of the Cerrado biome in 

the Inhamum Environmental Protection Area, Caxias, Maranhão, Brazil, between October 2017 and April 2018. 

Site 1= Gallery forest; Site 2= Cerrado sensu stricto.  

Source: Authors (2020). 

 

 
Figure 2 – Species accumulation curves (number of species × number of collections) of soil spiders sampled at two 

vegetation formations of the Cerrado biome in the Inhamum Environmental Protection Area, Caxias, Maranhão, Brazil, 

between October 2017 and April 2018. Site 1= Gallery forest; Site 2= Cerrado sensu stricto. Shaded areas represent 

95% confidence intervals.  
Source: Authors (2020). 

 

3.3 Diversity and evenness indices 

 

The study sites had similar Shannon–Wiener diversity indices (Site 1, H′ = 2.7; Site 2, H′ = 2.6) (Table 2). The values 

indicate moderate diversity in both gallery forest and Cerrado sensu stricto. These results were confirmed by Pielou's 

evenness indices (Site 1, J′ = 0.78; Site 2, J′ = 0.77) (Table 2). In theory, a 23% increase in the number of collected species 

would result in maximum diversity of the spider faunal community of these areas, according to Brower et al. (1998). This 

parameter represents the proportion of species that are equally distributed in the community. Therefore, both gallery forest 

and Cerrado sensu stricto sites showed moderate uniformity in the distribution of individuals among species, given that 

evenness is directly proportional to diversity. 

Cunha et al. (2012), in analyzing the diversity values of soil araneofauna in the municipalities of Tutóia and Paulino 

Neves, Piauí, Brazil, observed that, although Tutóia had higher absolute plant density, higher number of plant species, and 

greater botanical diversity, spider diversity was greater in Paulino Neves (1.74 versus 1.85). Azevedo et al. (2017) observed 

Estimator Site 1 Site 2 

Observed richness 31 32 

Chao 53 67 

Jackknife 1 47 50 

Jackknife 2 57 61 

Bootstrap 38 40 



Formiga, L. D. A. S., et al., Northeast Geosciences Journal, Caicó, v.11, n.1, (Jan-Jun) p.180-189, 2025.                                           185                     

_________________________________________________________________________________________________ 

 

that the Shannon–Wiener index differed significantly according to sampling month, ranging from 1.0 to 2.5 between the 

analyzed sites. 

 

Table 2 – Shannon–Wiener diversity (H′) and Pielou's evenness (J′) indices of soil spiders collected from two vegetation 

formations of the Cerrado biome in the Inhamum Environmental Protection Area, Caxias, Maranhão, Brazil, between 

October 2017 and April 2018. 

Site 1= Gallery forest; Site 2= Cerrado sensu stricto.  

Source: Authors (2020). 

 

3.4 Faunal similarity dendrograma 

 

Cluster analysis, which was based on the faunal similarity index of each sampling month (October 2017 to April 2018), 

showed that the araneofaunal composition of gallery forest and Cerrado sensu stricto sites were quite similar. Most species 

occurred at both sites (80–95% similarity). Only 35% of species occurring in the gallery forest were unique to this 

environment, and 37% of species recorded in Cerrado sensu stricto were exclusive to the site (SOARES et al., 2020). The 

analysis also revealed four functional groups. The first group showed similarity between species collected in March 2018 

at Site 1 and February and March 2018 at Site 2, during the rainy season (Figure 3).  

The second group revealed similarities between species collected in December 2017 and January to February 2018 at 

Site 1 and species obtained in January 2018 at Site 2, during transition from the dry to the rainy season. The third group 

was formed by similarities between species recorded from October to November 2017 at Site 1 and October to December 

2017 at Site 2, during the dry period. The last cluster comprised species collected in April 2018 at Sites 1 and 2, during the 

rainy season (Figure 3). 

In contrast to our findings, Carvalho & Avelino (2010) observed low similarity between four phytophysiognomies of 

the Cerrado biome in Piauí State. Only two fragments of dry semideciduous forests (primary and secondary) showed 

similarities of at least 20%, indicating the occurrence of species turnover among the sampled plant formations.  

Dias et al. (2005) generated a similarity dendrogram for six forest environments in southern Bahia. Four groups were 

identified (95% similarity): (i) capoeira (secondary vegetation), (ii) cabruca (agroforestry system), (iii) continuous forest 

center, and (iv) forest fragment center, continuous forest edge, and forest fragment edge. The last three forest environments 

showed high similarity between each other. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 

 

Index Site 1 Site 2 

Shannon–Wiener diversity index (H′) 2.7 2.6 

Confidence interval for H′ (P = 

0.005) 

2.66–2.70 2.66–2.69 

Pielou's evenness index (J′) 0.78 0.77 
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Figure 3 – Dendrogram constructed using Jaccard similarity indices between monthly araneofaunal compositions of 

Sites 1 (Gallery forest) and 2 (Cerrado sensu stricto) sampled in the Inhamum Environmental Protection Area, Caxias, 

Maranhão, Brazil, between October 2017 and April 2018.  
Source: Authors (2020). 

 

4. Final considerations 

The results allowed us to infer that the two vegetation formations of the Cerrado biome (gallery forest and Cerrado 

sensu stricto) in the Inhamum EPA had moderate species diversity. More species can be sampled, which would result in 

an even higher richness. Spider communities were similar, with most species occurring at both sites. 

Although richness estimators showed that the sampling effort was insufficient, we underscore the importance of the 

information obtained in this study, as a considerable species diversity was identified at both sites. Further research on the 

composition of soil spiders in these areas may contribute more effectively to the development of conservation strategies 

for araneofauna of the Cerrado biome in the Inhamum EPA, as well as in other localities of Maranhão State and 

northeastern Brazil, where studies on the dynamics and diversity of spiders, especially in the Cerrado biome, are still 

incipient. 
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