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RESUMO: Nos últimos anos, estudos têm buscado compreender como as estruturas físicas e 

ambientais dentro das cavernas influenciam as comunidades de invertebrados. No entanto, ainda 

há uma escassez de pesquisas que explorem como a composição do substrato e a heterogeneidade 

do habitat influenciam as comunidades faunísticas em cavernas de quartzito e em áreas epígeas 

adjacentes, apesar da importância de entender essas relações ecológicas para embasar estratégias 

eficazes de conservação. Este estudo avaliou a similaridade das comunidades de invertebrados entre 

cavernas de quartzito e habitats de superfície circundantes, bem como as variáveis ambientais que 

influenciam a composição e a riqueza faunística. O estudo foi conduzido em três sistemas 

cavernícolas de quartzito, com amostragens realizadas no interior das cavernas e em zonas epígeas 

adjacentes. Os resultados revelaram dissimilaridade na composição faunística entre os ambientes 

subterrâneo e de superfície, enquanto as comunidades dentro das cavernas apresentaram maior 

similaridade entre si. A substituição de espécies foi identificada como o principal componente da 

diversidade βsør total entre os dois ambientes. As composições faunísticas distintas observadas são 

impulsionadas por filtros ambientais, sendo que as condições restritivas das cavernas limitam a 

colonização e favorecem invertebrados especializados. Além disso, variáveis distintas de substrato 

emergiram como fator-chave na estruturação das comunidades, com detritos vegetais 

influenciando a fauna epígea, e guano e substratos inorgânicos estruturando a fauna cavernícola. 

Esses achados avançam a compreensão da dinâmica dos ecossistemas subterrâneos, destacando a 

importância das características do habitat na formulação de estratégias de conservação da 

biodiversidade. 

Palavras-chave: invertebrados cavernícolas; similaridade; heterogeneidade de habitat; 

Neotrópicos 

 

ABSTRACT: In recent years, studies have aimed to understand how physical and environmental 

structures within caves influence invertebrate communities. However, there is still a lack of research 

exploring how substrate composition and habitat heterogeneity influence faunal communities in 
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quartzite caves and adjacent epigean areas, despite the importance of understanding these 

ecological relationships to inform effective conservation strategies. This study evaluated the 

similarity of invertebrate communities between quartzite caves and surrounding surface habitats, 

as well as the environmental variables influencing faunal composition and richness. The study was 

conducted across three quartzite cave systems, with sampling carried out within the caves and in 

adjacent epigean zones. Results revealed dissimilarity in faunal composition between subterranean 

and surface environments, while communities within caves exhibited higher similarity. Species 

turnover was identified as the primary component of total βsør-diversity between the two 

environments. The distinct faunal compositions observed are driven by environmental filters, with 

restrictive cave conditions limiting colonization and favoring specialized invertebrates. 

Additionally, distinct substrate variables emerged as a key driver of community structure, with plant 

debris influencing epigean fauna, and guano and inorganic substrates structuring cave fauna. These 

findings advance understanding of subterranean ecosystem dynamics, highlighting the importance 

of habitat features in informing biodiversity conservation strategies. 

Keywords: cave invertebrates; similarity; habitat heterogeneity; Neotropics. 

 

 

1. INTRODUCTION 

 

Variations in habitat heterogeneity have been widely used to explain species diversity in 

both natural and human-modified environments (MacArthur & MacArthur, 1961; Tews et al., 

2004; Previati et al., 2007; Souza et al., 2014). Heterogeneity, driven by variations in environmental 

conditions and resources, directly influences species diversity by expanding ecological niche 

availability (MacArthur & MacArthur, 1961; Pianka, 1966; Magurran, 2013). Additionally, 

heterogeneity has been instrumental in clarifying community structuring across different taxonomic 

groups, as its effects can vary based on species-specific habits and traits (MacArthur & MacArthur, 

1961; Atauri & Lucio, 2001; Travassos-de-Britto & da Rocha, 2013; Stein et al., 2014). Thus, 

substrate diversity and habitat heterogeneity play critical roles in facilitating the coexistence of 

multiple organism groups within a given area (MacArthur & Levins, 1967; May, 1986). 

In recent years, numerous studies have explored how substrate diversity and habitat 

heterogeneity influence fauna composition in cave environments (Prous et al., 2015; Pellegrini et 

al., 2016; Pacheco et al., 2020a; Souza-Silva et al., 2021; Reis-Venâncio et al., 2022). However, 

relatively few have examined the contrasting roles of hypogean (subterranean) and adjacent epigean 

(surface) environments in shaping invertebrate community structures (Mendes-Rabelo et al., 2021; 

Cardoso et al., 2022; Pacheco et al., 2025). 

Different types of substrates and the availability of trophic resources are crucial factors 

enabling invertebrate colonization in cave environments (Mammola et al., 2016; Zagmajster et al., 

2018). Caves are generally more stable than surface environments and are characterized by constant 

temperature, high humidity, and the absence of light (Barr, 1968; Poulson & White, 1969; Culver, 

1982; Badino, 2010; Mammola et al., 2019a). Allochthonous organic resources, primarily plant or 

animal matter, provide the primary energy source for caves, transported through physical processes 

like water flow, wind, and gravity or introduced by animals in the form of feces, guano, and 

carcasses. These resources are vital nutrient sources for cave fauna and play a fundamental role in 

the trophic dynamics of these ecosystems (Poulson & White, 1969; Simon et al., 2007; Culver & 

Pipan, 2019; Souza-Silva et al., 2011; Souza-Silva et al., 2013). 
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Research on the influence of substrate types and habitat heterogeneity in cave fauna has 

predominantly focused on limestone caves (Prous et al., 2015; Pellegrini et al., 2016; Pacheco et al., 

2020a; Furtado et al., 2022). However, for quartzite caves, there remains a significant research gap 

regarding the role of these variables in shaping community structures. Studies on quartzite caves 

to date have addressed trophic ecology, physical characteristics, and the impact of lithology on cave 

fauna organization (Souza-Silva et al., 2013, 2020a, 2020b). Nonetheless, few studies have 

investigated how substrate types and habitat heterogeneity influence invertebrate communities 

within both caves and nearby epigean habitats or examined the similarity between the fauna in 

these environments (Prous et al., 2004; 2015; Mammola et al., 2016; Oliveira & Ferreira, 2024; 

Pacheco et al., 2025). 

This study aimed to investigate the similarity of fauna between caves and the surrounding 

epigean habitats. Additionally, we sought to assess the environmental parameters that influence 

fauna composition and richness in a system comprising three interconnected quartzite caves linked 

by intermittent drainage and their adjacent epigean habitats. 

We hypothesize that the epigean fauna adjacent to the caves will show greater species 

richness and a distinct composition compared to the cave-dwelling fauna due to the colonization 

constraints imposed by the trophic and microclimatic conditions within the caves. We expect that 

the cave fauna represents a subset of the epigean fauna. Furthermore, the distance from the 

entrance of the first cave to the remaining caves (in the upstream to downstream direction) is 

anticipated to be a key factor in determining species composition and richness throughout the cave 

system. Finally, we expect that due to differences in habitat structure, the environmental variables 

influencing the composition and richness of the epigean fauna near the caves will differ from those 

affecting the cave fauna. 

 

2. METHODOLOGY 

 

Study area 

This study was conducted in Andrelândia, situated in the southern region of Minas Gerais, 

southeastern Brazil. It focuses on a system of three interconnected quartzite caves (Gruta Cabeça 

de Vaca, Gruta Barra, and Gruta João Japonês) linked by intermittent drainage (Fig. 1). These caves 

are located within the Andrelândia Quartzite Speleological Province, part of the Andrelândia 

Group, which is characterized by rocks belonging to the Andrelândia Megasequence (Corrêa-Neto, 

1997). The study area is situated in the Atlantic Forest biome, which has significantly degraded 

agricultural and pastoral activities. As a result, only a few fragments of forest remain near the three 

caves, with most of the surrounding land being used for grazing. Gruta Cabeça de Vaca (UTM 23 

L: 565534.22 – 7592086.46) has four entrances and a linear extent of 53 meters. Gruta Barra (UTM 

23 L: 565557.27 – 7592026.41) has two entrances and a linear extent of 45 meters. Gruta João 

Japonês (UTM 23 L: 565609.90 – 7591985.42) also features two entrances, with a linear extent of 

52 meters (Figure 1). 
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Figure 1. The study area and cave are in the municipality of Andrelândia, Minas Gerais, Brazil. The letters ‘e’ indicates epigean sampling 

points, and ‘c’ indicates cave sampling points.  

 

Sampling 

Biotic and abiotic data were collected during a single sampling event on June 16 and 17, 

2022. The sampling units were arranged in transects, each measuring ten meters long and 

comprising three quadrants, each 1 m2 in size, positioned at least five meters apart. Six transects 

were sampled in the epigean area adjacent to the caves, encompassing 18 quadrants. In comparison, 

seven transects were sampled within the caves, resulting in 21 quadrants. Sampling was conducted 

exclusively within these quadrants. 

A modified sampling methodology was adapted from Souza-Silva et al. (2021), Pacheco et 

al. (2025). Invertebrates were actively collected by hand for 10 minutes per quadrant using forceps 

and brushes. The collected samples were placed in containers filled with 70% ethanol and are 

currently deposited in the subterranean invertebrate collection (ISLA) at the Federal University of 

Lavras (https://www.biologiasubterranea.com.br/pt/). 

Invertebrates were sorted, identified to the most accessible taxonomic level, and grouped 

into morphotypes with the aid of stereomicroscopes, following the methodologies outlined by 

Oliver & Beattie (1996), Derraik et al. (2002), Derraik et al. (2010), and Pellegrini et al. (2016). 

To document the habitat’s structural characteristics, we took photographs at chest height, 

positioning the camera at a 90-degree angle to each quadrant. Subsequently, these photographs 

were analyzed using ImageJ software (Rasband, 1997) to characterize the substrate types and 

quantify their coverage area in each quadrant (Pacheco et al., 2020b; Furtado et al., 2022). 
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The substrate types analyzed included guano, green plants, plant debris, rocks (250–500 

mm), blocks (64–250 mm), fine gravel (2–16 mm), coarse gravel (17–63 mm), sand, silt (0.2–0.05 

mm), bedrock, and hardpan. 

 

Data analysis 

Abiotic data 

To evaluate the differences in substrate types between the epigean area and the caves, we 

compared the percentage coverage of each substrate within the quadrants using a one-way 

ANOVA non-parametric test (Kruskal-Wallis). A similarity analysis (ANOSIM) was performed to 

determine whether there were differences in substrate composition between the epigean and cave 

environments, utilizing a Bray-Curtis similarity matrix (Clarke, 1993). The Kruskal-Wallis and 

ANOSIM analyses were conducted using R software (R Core Team, 2025). 

Based on habitat characteristics and resources, the substrates were categorized into five 

variables: Guano, Green Plants, Plant Debris, Shelter (rocks 250-500 mm, blocks 64-250 mm, fine 

gravel 2-16 mm, coarse gravel 17-63 mm), and Inorganic Substrate (hardpan, sand, silt 0.2-0.05 

mm and bedrock). A shade plot was generated to visualize the distribution of these environmental 

substrate variables in both the epigean area and the caves. 

 

Biotic data 

Species richness was assessed by adding the morphotypes identified in each area. We 

evaluated the normality of the data using the Shapiro-Wilk test (p = 0.001) and examined the 

variance among groups with Levene's test for homogeneity of variances (p = 0.011). Since the data 

did not conform to a normal distribution and the variances between the sampled groups were 

unequal, we employed the non-parametric Mann-Whitney U test to explore differences in richness 

between the epigean and cave environments (Levene, 1960; Shapiro and Wilk, 1965; Sprent & 

Smeeton, 2000). The Mann-Whitney U statistical analysis was performed using Jamovi software 

(2023), with a significance level set at p < 0.05. 

To investigate differences in faunal group composition between the epigean and cave 

environments, we conducted a similarity analysis (ANOSIM) employing the Bray-Curtis similarity 

index, with the locations (epigean and caves) serving as the grouping factor (Clarke, 1993). 

Additionally, to compare the composition of faunal groups among the caves, we carried out 

another similarity analysis (ANOSIM), using the caves as the grouping factor and also utilizing the 

Bray-Curtis similarity index (Clarke, 1993). 

To illustrate variations in faunal similarity between the epigean and cave environments and 

among the caves we employed non-metric multidimensional scaling (MDS) in conjunction with a 

Bray-Curtis similarity matrix.  

Spatial β-diversity was calculated for each quadrant based on differences among sampling 

points within each environment using the βsør index. This index was partitioned into its two 

additive components, turnover (βsim) and nestedness (βsne), ranging from 0 (0%) to 1 (100%), 

thereby representing their contributions to the total βsør turnover. The turnover component 

captures species replacement between sites, while nestedness reflects patterns where the species 

composition of one site constitutes a subset of another. 

To evaluate whether turnover constitutes the dominant component of total βsør-diversity, 

beta regression models were employed, using βsim and βsne as explanatory variables. Statistical 

significance was determined through Type III Analysis of Variance (ANOVA), and the relative 
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effects of each component were visualized using boxplots comparing chi-square (χ²) statistics 

associated with turnover and nestedness. 

All β-diversity analyses were conducted in RStudio version 4.3.3 (R Core Team, 2025). Type 

III ANOVAs were performed using the car package (Fox et al., 2012), and visualizations were 

generated with tidyverse. The βsør index and its components were calculated using the betapart 

package (Baselga, 2010), while beta regression models were fitted with the betareg package (Cribari-

Neto & Zeileis, 2010). 

To assess how habitat components influence faunal composition in epigean and cave 

environment, we utilized distance-based linear models (DistLM) (Anderson et al., 2008). The 

substrate variables considered included Guano (GUA), Green Plants (GP), Plant Debris (PD), 

Shelter (SH), and Inorganic Substrate (IS). Additionally, we incorporated substrate diversity (SD) 

for each quadrant, which was calculated using the Shannon Index (H’) (Magurran & McGill, 2010). 

The SD value was derived from all components present in the substrate of the quadrants, allowing 

for an assessment of substrate diversity in the areas where collections occurred (modified from 

Pacheco et al., 2020a; Cardoso et al., 2022). Statistical models in DistLM were constructed using 

the Bray-Curtis species similarity matrix and a forward selection procedure, employing adjusted R² 

as the criterion for model selection, and we performed 999 permutations (Anderson et al., 2008). 

The adjustments and explanatory power of the models for the variation in composition 

data were assessed using distance-based redundancy analysis (dbRDA) (Clarke & Gorley, 2006; 

Anderson et al., 2008). ANOSIM and DistLM analyses for the faunal data were performed using 

the statistical software Plymouth Routine in Multivariate Ecological Research - Primer 7 + 

Permanova Software (Anderson et al., 2008), available at https://www.primer-e.com/. A 

significance level of p < 0.05 was adopted for the analyses. 

We employed Generalized Linear Models (GLMs) to evaluate the influence of habitat 

components on the variation in invertebrate fauna richness in epigean and cave environments. The 

predictor variables included GUA, GP, PD, SH, IS, and SD. To assess collinearity among 

predictors, we calculated Spearman's correlation coefficients using the chart.Correlation function 

from the PerformanceAnalytics package (Peterson & Carl, 2020). Additionally, we applied Variance 

Inflation Factors (VIF) to exclude variables with VIF values greater than 3 (Zuur et al., 2013). For 

the epigean environment model, the variables SD and GP were excluded to avoid multicollinearity, 

as their pairwise correlation coefficient exceeded 0.70 (Schober et al., 2018). Furthermore, the 

variable GUA was removed from the analysis due to its absence in the epigean environment, 

rendering it uninformative for the model. 

To ensure independence among variables, we further assessed multicollinearity diagnostics. 

The model was initially fitted using the Poisson distribution, and we employed the simulateResiduals 

function from the DHARMa package to test for overdispersion and the test Zero Inflation 

function to assess zero inflation in the model (Hartig, 2022). As the Poisson model exhibited 

overdispersion, we corrected the error structure by fitting a model using the negative binomial 

distribution. 

The adjusted R² value was obtained using the rsq function from the rsq package. A 

significance level of P ≤ 0.05 was adopted for all statistical tests. All GLM analyses were performed 

in R software (R Core Team, 2025). 
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3. RESULTS 

 

Substrate characteristics in the caves and epigean habitats 

Eleven substrate categories were identified, including plant debris, green plants, block, 

bedrock, and silt, which were present in both the caves and the surrounding epigean areas. In 

contrast, guano, rock, fine gravel, coarse gravel, sand, and hardpan were found exclusively within 

the caves. In the epigean environment, the predominant substrate was "green plants," primarily 

comprising grasses (70.91%). The most frequently recorded component within the caves was "plant 

debris," found in 66% of the quadrants. However, the most abundant substrate was "hardpan," 

accounting for 22.90% of the total substrate collected across all quadrants in the caves (Figure 2A). 

The Kruskal-Wallis test indicated a significant difference in substrate occupancy between 

the epigean and cave areas (KW = 4.64; p = 0.03) (Figure 3A). ANOSIM further revealed 

significant differences in substrate composition between the two environments, indicating a high 

degree of separation between the groups (GlobalR = 0.758; p = 0.001). 

Among the environmental variables analyzed, the "green plants" category was the most 

abundant in the epigean environment, comprising 70.91% of the total sampled area, followed by 

"plant debris," which accounted for 24.07%. In contrast, within the cave environment, the 

"inorganic substrate" was the most prevalent, representing 50.42% of the total, followed by 

"shelter," which occupied 30.39% of the cave area (Figure 2B). 
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Figure 2. Shade plot showing the distribution and percentage of occupancy of different substrate types at each sampling area. Numbers 1 to 

7 denote the collection stations, and letters A, B, and C indicate the quadrants (A). Percentage of substrate variables occupancy in epigean 

and cave environments, with the x-axis representing the variables and the y-axis representing the occupancy percentage of these variables in 

the respective regions (B). 
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Figure 3. Average substrate occupancy percentage in cave and epigean areas (A). Average morphotype richness in the cave and epigean 

regions (B).   

 

Invertebrate richness and composition among areas 

A total of 310 individuals were recorded, representing 121 species. The most diverse taxa 

included Hymenoptera (23 species), Araneae (22 species), and Coleoptera (17 species) 

(Supplementary material). 

The epigean environment exhibited greater species richness, with 85 species and 186 

individuals, compared to the cave environment, which contained 46 species and 124 individuals. 

The most diverse groups in the epigean environment were Hymenoptera (23 species), Araneae (16 

species), and Coleoptera (12 species). In contrast, the cave environment was dominated by Araneae 

(8 species), Coleoptera (6 species), and Diptera, Hymenoptera, and Hemiptera, each represented 

by four morphotypes (Figure 4). A total of 10 morphotypes were found in both environments, 

including members of the Araneae, Coleoptera, Collembola, Hymenoptera, and Isopoda groups. 

Additionally, 14 morphotypes were identified in more than one quadrant within the cave, while 24 

were recorded across multiple epigean quadrants. 

The Mann-Whitney test revealed significant differences in mean richness between the cave 

and epigean environments (W = 74.0; p = 0.001). The mean richness in the epigean environment 
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was 4.72 (sd = 3.28), whereas the cave environment had a mean richness of 2.19 (sd = 1.42) (Figure 

3B). 

 

 
Figure 4. Species richness of terrestrial invertebrates recorded in quartzite caves and adjacent epigean areas. 

 

The ANOSIM analysis revealed significant differences in faunal composition between the 

cave and epigean areas (p = 0.001; GlobalR = 0.127), highlighting a clustering of cave fauna distinct 

from that of the epigean environment in the MDS (Figure 5A). In contrast, the similarity analysis 

of faunal composition among the caves showed no significant differences. 

Spatial βsør-diversity across epigean and cave indicate that the turnover was the 

predominant component (p < 0.001; pseudo R² = 0.693), accounting for approximately 69% of the 

observed variation. The nestedness component was also statistically significant (p < 0.001; pseudo 

R² = 0.351), explaining 35% of the variation in total βsør-diversity (Figure 6). 
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Figure 5. Multidimensional Scaling (MDS) showing the similarity in fauna composition between epigean and cave environments (A); and 

the among fauna composition at Cabeça de Vaca, Barra, and João Japonês caves (B). 
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Figure 6. Contribution of β-diversity components to overall β-diversity. Boxplots represent the distribution of chi-square (χ²) values derived 

from model comparisons, illustrating the contributions of turnover and nestedness components to total β-diversity. 

 

Factors determining the faunal composition and richness 

The DistLM analysis indicated that the faunal composition in the epigean environment 

adjacent to the caves was solely influenced by Plant Debris (p = 0.002; adjusted R² = 0.047). 

Conversely, within the caves, the composition was determined by Guano (p = 0.001; adjusted R² 

= 0.039) and Inorganic Substrates (p = 0.001; adjusted R² = 0.080). 

The dbRDA analysis demonstrated that the measured variables accounted for16.4% of the 

variation in faunal composition in the epigean area, while in the cave environment, the model 

accounted for 17.4% (Figure 7A-B). 
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Figure 7. Distance-based redundancy analysis (dbRDA) showing the influence of variables on fauna composition in the epigean (A) and 

cave (B) environments. Numbers 1-7, labeled with A, B or C, denote the sampled area and quadrant. Variables: Plant debris (PD), 

Guano (GUA), Inorganic substrate (IS), and Substrate diversity (SD). 

 

In the epigean environment, the variable Plant Debris exhibited a positive and significant 

relationship with species richness (Table 1 and Figure 8). In contrast, none of the evaluated 

variables accounted for the variation in species richness in the cave environment. 

 

Table 1. Model selection for variables. The table shows each predictor's estimated coefficients, standard errors, z-values, and p-values in the 

final Negative Binomial Generalized Linear Model (GLM.nb). The predictor variables used in the model were: SH (Shelter), IS (Inorganic 

substrate), PD (Plant Debris). A significance levels of the variables are denoted as (*** p < 0.001, ** p < 0.01). 

Variable Estimate (β) Std. Error z value p-value Significance 

Intercept 1.8783 0.1048 17.919 < 0.001 *** 

SH 0.1086 0.0908 1.196 0.23156  

IS -0.1182 0.1182 -1.0 0.31737  

PD 0.3026 0.1057 2.862 0.00421 ** 

 

B) AIC (97.131); adjusted R² (0,2833); Zero-inflation Test (ratioObsSim = 0, p = 1). 
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Figure 8. Distribution of fauna richness concerning the percentage of positively significant variable Plant Debris. 

 

4. DISCUSSION 

 

Differences in species richness and composition between areas 

Faunal surveys revealed significantly higher species richness in the epigean environment 

compared to the cave, as evidenced by greater mean richness values. In addition to differences in 

richness, faunal composition varied markedly between the two environments. Spatial β-diversity 

was primarily driven by species turnover, with a secondary contribution from nestedness, indicating 

that both taxonomic replacement and differential species loss occurred across habitats. 

These patterns in species richness and composition are likely shaped by the environmental 

constraints inherent to cave ecosystems. The absence of light, limited trophic resources, and 

reduced structural complexity act as strong ecological filters, limiting the colonization and 

persistence of many species (Poulson & White, 1969; Humphreys, 1991). Consequently, cave 

communities are structured by distinct selective pressures, leading to unique biological assemblages, 

even when ecological connectivity with adjacent epigean habitats exists (Prous et al., 2015; Mendes-

Rabelo et al., 2021). 

The composition of cave fauna is closely linked to the regional species pool found in 

adjacent epigean environments, which serves as a source of potential colonizers of subterranean 

ecosystems (Mendes-Rabelo et al., 2021). Many of these species are capable of moving between 

surface and cave habitats, particularly within cave entrance zones, where they often play key 

ecological roles in the dynamics and structuring of subterranean communities (Prous et al., 2004; 

2015). However, their successful entry and persistence within cave systems are governed by 

environmental filters that selectively permit only certain organisms to establish and survive under 

the prevailing extreme conditions (Prous et al., 2015; Mendes-Rabelo et al., 2021; Reis-Venâncio et 

al., 2022). 

In contrast, epigean areas typically offer a wider range of habitats and organic resources, 

supporting a more varied and abundant set of species (Ferreira & Marques, 1998; Loyola et al., 

2006; Prous et al., 2015; Mammola et al., 2019b; Cardoso et al., 2022). The observed differences 

can be understood through various factors, including environmental conditions, climatic 
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influences, and trophic interactions. These elements often limit the successful establishment and 

persistence of different invertebrate groups within specific ecosystems (Loyola et al., 2006). Inside 

caves such ecological factors may encompass habitat type, availability of resources, and physical 

conditions such as soil porosity and microhabitat availability (Pacheco et al., 2020a; Souza-Silva et 

al., 2021). Microclimate conditions could include temperature variations, moisture patterns, and 

seasonal changes that affect invertebrate cycles in number and composition (Bento et al., 2016; 

Lunghi et al., 2017; Cardoso et al., 2024). 

The environmental conditions within caves play a pivotal role in shaping the composition 

and diversity of cave-dwelling fauna. These habitats, defined by the absence of light, relatively stable 

temperatures, and high humidity, give rise to distinct ecological niches that foster the development 

of specialized biological communities. Consequently, the faunal assemblages found in caves often 

differ markedly from those in adjacent epigean ecosystems (Souza-Silva et al., 2021; Oliveira & 

Ferreira, 2024). This pattern was also evident in the present study, which revealed pronounced 

dissimilarities between invertebrate communities inhabiting cave and surface environments. 

Additionally, the oligotrophic nature of cave habitats significantly restricts the variety of 

species that can thrive within these environments. The low-nutrient condition leads to a reduction 

in primary production, thereby limiting the availability of food resources. As a result, the food webs 

within cave ecosystems tend to be less complex and are often characterized by fewer trophic levels 

(Ferrreira & Martins, 1999; Gibert, 2001). The simplicity of these food webs may increase the 

ecosystem's vulnerability to changes, as each species contributes significantly in the overall balance 

of this specialized habitat. (Huxel & McCann, 1998; Schneider et al., 2011). 

Therefore, allochthonous resources play an important role in shaping the biodiversity of 

cave ecosystems (Schneider et al., 2011). These resources, which originate from outside the cave, 

serve as the main source of nutrients for the various species inhabiting these subterranean spaces. 

They can include organic matter such as guano, leaves, plant detritus, and other materials that enter 

the cave from the surface (Ferreira & Martins 1999, Souza-Silva et al., 2011; 2013). Introducing 

these external nutrients not only supports the growth and survival of cave-dwelling organisms but 

also influences the overall structure and dynamics of the cave food web (Venarsky et al., 2014; 

Venarsky & Huntsman, 2018). This interaction highlights the importance of outside environments 

in sustaining the complex life forms found within caves (Schneider et al., 2011; Venarsky & 

Huntsman, 2018; Culver & Pipan, 2019). 

Sket (1999) proposed three factors that may explain this disparity between caves and 

external environments: limited habitat access due to the small number and size of cave entrances, 

habitat homogeneity, and low energy availability. However, it is important to note that the caves 

sampled in this study have multiple entrances and lack extensive linear development, reducing these 

limitations compared to other caves. Cave entrances can offer shelter to epigean invertebrates by 

providing resources and protection and acting as a filter that promotes the colonization of certain 

species (Prous et al., 2004; 2015). Regarding habitat homogeneity, the epigean environment was 

more homogeneous than the subterranean environment, with sampling conducted primarily in 

pasture areas. The third factor Sket (1999) mentioned, related to low energy availability, is 

corroborated by our findings, which revealed greater availability of trophic resources in the epigean 

region. This factor might explain the observed results, with significant differences in faunal 

composition between the two environments. 

Our results indicate that cave fauna does not follow a dissimilarity gradient based on 

distance from the cave entrances, where the watercourse is situated. Despite an intermittent stream 
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shared among the caves, which might facilitate species dispersal, no similarity was observed across 

the quadrants along this drainage down to the cave's furthest downstream point, contrary to initial 

expectations. This dissimilarity pattern may be attributed to the multiple entrances within the cave 

system, which enable considerable exchange of fauna and resources between subterranean and 

epigean environments. This finding further suggests that colonization and dispersal within the 

subterranean habitats of this system do not depend mainly on the watercourse. 

 

Habitat traits determining patterns of richness and composition 

As expected, the findings support the hypothesis that substrate variables influencing faunal 

composition differ markedly between cave and epigean environments. In epigean environments, 

fauna mirrored trends observed in previous studies, with “plant debris” emerging as a key resource 

for community structuring. For cave areas, guano was an important nutritional source for 

sustaining oligotrophic cave environments (Ferreira & Martins, 1999; Ferreira, 2019). Additionally, 

the other substrate significant for faunal structuring, the inorganic substrate primarily composed 

of compacted floor material, is the most common substrate in the study caves.  

In epigean environments, the composition and richness of invertebrate communities can 

be influenced by “key landscape elements,” defined as spatial structures that offer resources, 

shelter, or specific conditions for species (Tews et al., 2004). Thus, the variables affecting fauna in 

these environments are tied to physical substrate structures, trophic resources, and shelter, 

emphasizing the importance of such structural factors. Both autochthonous and allochthonous 

food resources are essential for animal communities across various environments (Marczak et al., 

2007; Schneider et al., 2011). In oligotrophic habitats like caves, invertebrate communities depend 

heavily on allochthonous resources, which positively impact species richness and shape community 

composition (Ferreira et al., 2009; Schneider et al., 2011; Souza-Silva et al., 2011). 

 

5. CONCLUSIONS 

 

The findings of this study deepen our understanding of how microhabitat variables shape 

cave invertebrate communities and their adjacent epigean environments. Moreover, the differences 

in faunal composition between the subterranean and epigean habitats emphasize the critical need 

for conservation efforts to protect these communities. While distinct, these environments form 

interconnected and interdependent ecosystems, underscoring the necessity for integrated strategies 

to conserve and manage these areas. 
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