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1. Introduction

Community structure encompasses the intricate 
relationships among the component populations (Pianka, 
2000), which might involve trophic structure, energy 
flow, alpha and beta diversity, and the distribution of 
individuals in space and time (Magurran, 2011). To 
identify characteristics of populations and communities 
along environmental gradients has been of interest to 

many ecologists (Rosenzweig, 1995; Kessler, 2009), 

once that the distribution of organisms in nature does 

not occur randomly (Simaiakis and Martínez-Morales, 

2010). Regarding that the basic question of Ecology is to 

determine the causes of distribution and abundance of 

organisms (Krebs, 2001), considerable effort has been 
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In this study, we provide the first data regarding seasonal variation and patterns along a fine-scale humidity gradient 
on the land snail community, including parameters such as richness and abundance, in the Sooretama Biological 
Reserve, Espírito Santo, Brazil. Our study was conducted from January 2017 to December 2018, covering all four 
seasons (summer, autumn, winter and spring). We used 24 plots of 250 m each, combined with subplots of 25 
x 75 cm (to sample leaf-litter), following the RAPELD methodology. We collected 440 live specimens belonging 
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significantly the overall land snail abundance. The rainy season was hotter and wetter than the dry season and 
showed highest richness and abundance of species. Our results showed a clear compositional change along the 
moisture gradient, suggesting differences in species preference for moisture conditions even at a fine-scale.
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Resumo
No presente estudo nós fornecemos os primeiros dados sobre a variação sazonal e os padrões ao longo de 
um gradiente de umidade em uma comunidade gastrópodes terrestres, incluindo parâmetros como riqueza e 
abundância, na Reserva Biológica de Sooretama, Espírito Santo, Brasil. O estudo foi conduzido entre janeiro de 
2017 e dezembro de 2018, abrangendo todas as quatro estações (verão, outono, inverno e primavera) de cada 
ano. Utilizamos 24 parcelas de 250 m cada, combinadas com subparcelas de 25 x 75 cm (para amostragem de 
serapilheira), seguindo a metodologia RAPELD. Ao todo foram coletados 440 espécimes vivos pertencentes a 35 
espécies de 11 famílias. A riqueza de espécies na comunidade variou entre as estações, com os maiores valores 
médios no verão e primavera. A maior variação ocorreu entre o verão e o outono, e a menor entre a primavera 
e o verão. A temperatura do solo, a umidade relativa do ar e a umidade do solo afetaram significativamente a 
abundância geral das espécies. A estação chuvosa foi mais quente e úmida do que a estação seca e apresentou 
maior riqueza e abundância de espécies. Os resultados mostraram, ainda, uma clara mudança composicional ao 
longo do gradiente de umidade, sugerindo diferenças na preferência das espécies por condições de umidade, 
mesmo em uma escala fina.
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2005), despite often showing terrestrial gastropod 
communities with high values of richness and abundance 
(e.g., Emberton et al., 1996; Schilthuizen et al., 2003; Nunes 
and Santos, 2012; Wendebourg and Hausdorf, 2019).

The Brazilian Atlantic Rainforest is a global biodiversity 
hotspot, with high endemism rates, sheltering approximately 
7% of the world’s plant and animal species (Myers et al., 
2000). The land snails account for a significant component 
of faunistic endemism in this region, but there is no study 
on the seasonality effects on land snail communities. 
Therefore, in this study, we analyzed the influence of 
seasonality and species patterns along a fine-scale humidity 
gradient on the community parameters, such as richness 
and abundance, of land snails in the Sooretama Biological 
Reserve, southeastern Brazil.

2. Material and Methods

2.1. Study area

The study was conducted in the Sooretama Biological 
Reserve (mean coordinate: 19°0’50.87” S, 40°5’48.96” W, 
mean altitude: 46 m), the greatest remnant of Atlantic 
Rainforest in Espírito Santo State, southeastern Brazil 
(Figure  1). The reserve has approximately 28,000 ha 
and is one of the areas with highest importance for 
the conservation of biological diversity of the Atlantic 

done to document the differences between these two 
aspects and understand why they occur (Pianka, 2000).

The composition and species richness of land snail 
communities is linked mainly to available calcium 
content (Dallinger et al., 2001; Juřičková et al., 2008) and 
humidity/moisture (Čejka et al., 2008). Humidity has been 
identified as the second main driver of snail distribution 
with positive effect on species richness and abundance, 
especially in dry habitats where it acts as a limiting factor 
for the majority of species (Martin and Sommer, 2004). 
However, in ecological studies on land snails, the humidity 
has rarely been directly measured (Hettenbergerová et al., 
2013), but mostly only estimated (Getz and Uetz, 1994; 
Chiba, 2007), or the studied sites were classified into 
several moisture categories (Martin and Sommer, 2004). 
Some studies in Europe used Ellenberg indicator values 
(Ellenberg et al., 1992) as a proxy for soil humidity obtained 
from vegetation samples (Horsák et al., 2007; Čejka et al., 
2008; Čejka and Hamerlík, 2009).

Terrestrial gastropods represent a diverse group of 
soil-dwelling invertebrates occurring in various forest 
ecosystems (e.g., Barker and Mayhill, 1999; Barker, 2001; 
Cameron  et  al., 2010; Schilthuizen, 2011). Land snail 
communities have been studied in detail particularly 
in the boreal and temperate zones of Europe (e.g., 
Hylander et al., 2005; Juřičková et al., 2008; Horsák et al., 
2010; Horsák et al., 2018). On the other hand, the biota 
of the tropical regions is less studied (Lewinsohn et al., 

Figure 1. Study area and sampling plots at the Sooretama Biological Reserve, Espírito Santo, Brazil. The map shows the Sooretama 
Biological Reserve (REBIO Sooretama), highlighted in green, with the 24 sampling plots (red lines) distributed following the RAPELD 
methodology. The inset maps provide spatial context, indicating the location of the reserve within the state of Espírito Santo and Brazil.
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2.3. Environmental variables

A set of five environmental variables was measured 
for each plot prior to the removal of the leaf-litter: (1) Air 
temperature (°C), using the Incoterm Digital Hygrometer 
(0–50 ± 0.1°C), with the device placed next to the subplot; 
(2) Soil temperature (°C), using the Instrutemp Digital 
Thermometer (-50–300 ± 0.1°C), with the bulb inserted in 
the ground inside the subplot; (3) Relative air humidity (%), 
using the Incoterm Digital Hygrometer (15–99 ± 1%), with 
the device placed next to the subplot; (4) Soil humidity 
(%), using the PH-1000 soil pH and humidity meter (10–80 
± 1%), with the sensor inserted in the ground; (5) Leaf-
litter humidity (%), using thermogravimetric method. The 
leaf-litter was packed in paper bags of known weight, and 
we measured the mass of this leaf-litter to obtain the wet 
weight. Then, the bags with the leaf-litter were placed in 
an oven at 60°C until the material was completely dried 
(constant weight). The leaf-litter was weighed again to 
obtain the dry weight. The difference between wet and dry 
weight provided the humidity percentage of the leaf-litter.

2.4. Statistical analysis

The evaluation of sampling effectiveness was undertaken 
by a species accumulation curve (collector curve) and by 
estimators (Chao 1, Jack 1 and Bootstrap). The ordination 
was based on a Bray-Curtis dissimilarity matrix of 
ecological distance (Faith et al., 1987). The composition 
of the community of land snails among seasons was 
analyzed using a non-metric multidimensional scaling 
(NMDS) (Clarke, 1993). We performed the Envfit Test (a 
test that fits environmental vectors onto an ordination) 
to analyze the relative importance of the variables 
(temperature and humidity) on the land snail abundances 
(p < 0.05). Statistical significance between the seasons was 
tested using analysis of variance (ANOVA) and Tukey as a 
post-test. Response curves were modelled to explain the 
distribution of species along the moisture gradient by using 
the “generico” function (Landeiro, 2011), which produces a 
graph that orders species in relation to an environmental 
gradient. We used R Studio (RStudio Team, 2018), Package 
Vegan (Oksanen et al., 2013) for all statistical analyses.

3. Results

The species accumulation curve produced a clear 
asymptotic shape, and the predicted estimates of land snail 
richness (Chao 1 = 36 ± 2.3 species; Jack 1 = 37 ± 2.0 species; 
Bootstrap = 39 ± 2.2 species) were close to the richness value 
obtained by us with plot sampling (35 species) (Figure 2). 
We sampled 440 live specimens belonging to 35 species 
from 11 families (Table 1). Scolodontidae (7 spp., 20%) was 
the most speciose family followed by Achatinidae (5 spp., 
14.2%), Bulimulidae (4 spp., 11.4%), Euconulidae (3 spp., 8.5%), 
Helicinidae (3 spp., 8.5%), Odontostomidae (3 spp., 8.5%), 
Simpulopsidae (3 spp., 8.5%), Pleurodontidae (2 spp., 5.7%), 
Charopidae (2 spp., 5.7%), Streptaxidae (2 spp., 5.7%) and 
Orthalicidae (1 spp., 2.8%). The most abundant family was 
Simpulopsidae (25.2% of specimens) and the most abundant 
species was Leiostracus perlucidus Spix, 1827 (22.5%).

Rainforest, and it is located in the Central Corridor of the 
Atlantic Forest Biome (Brasil, 2000). The climate in the 
region is tropical hot and humid, with annual rainfall of 
1,202 mm and mean annual temperature of 23.3 °C. The 
vegetation cover of the reserve comprises the Coastal Plain 
Forest (locally called “Floresta de Tabuleiro”) whose canopy 
trees may reach up to 40 m high (Peixoto and Gentry, 1990).

According to the Management Plan of the Sooretama 
Biological Reserve, there are no significant records of 
established invasive alien species within the reserve’s 
boundaries (ICMBIO, 2019). The absence of introduced 
species is a positive indicator of the ecological integrity 
of the reserve.

The reserve faces anthropogenic pressures, particularly 
along its borders. Human activities in the surrounding 
areas, such as agriculture and irregular settlements, can 
lead to forest fires, which pose a significant threat to local 
ecosystems. A severe fire occurred in the western area of 
the reserve in 1998, and another more recent fire affected 
the Lagoa do Macuco in 2016, causing considerable damage.

The Sooretama Biological Reserve exhibits notable 
environmental heterogeneity. In addition to the Dense 
Ombrophilous Forest, the reserve also contains unique 
vegetation formations, such as “muçunungas” – low and open 
forests – as well as wetlands, including lakes and marshes. 
The altitudinal variation within the reserve is modest, 
ranging from 5 to 197 meters above sea level, contributing 
to the diversity of habitats and species found in the area.

2.2. Data sampling

Field sampling was carried out in 2017 (January, 
June, August and November) and 2018 (January, June, 
September and December), including both the months of 
the dry (April to September) and rainy seasons (October 
to March) in the area, covering the four seasons (winter, 
spring, summer and autumn). We conducted the sampling 
during the diurnal period (05:00 h to 10:00 h), using 24 
plots distributed in the Coastal Plain Forest, following 
the RAPELD methodology (Magnusson et al., 2005). The 
RAPELD method consists of permanent and standardized 
plots, each 250 m long, following the terrain contours and 
1 km distant from each other. The name for the method 
RAPELD mixes the acronym RAP (Rapid Assessment 
Program) with that of PELD (the Brazilian acronym for 
Long-term Ecological Research - LTER). Along the 250 m 
for each plot, the researcher moved at a slow walking pace 
and used the active search method, with visual sampling 
for macro-gastropods (> 5 mm in diameter or height) 
by one observer (the same person during all period of 
study) (Oliveira  et  al., 2021). The plots were carefully 
inspected, looking for land snails in the leaf-litter, on trees, 
on branches, in the bushes, on fallen logs and in other 
microhabitats, when present. For the micro-gastropods (< 
5 mm in diameter or height), we used three subplots (25 x 
75 cm) distributed in a standard way along the plots (50, 
100 and 200 meters) to collect leaf-litter (approximately 
4 L each subplot). All recorded specimens were analyzed 
under a stereomicroscope, quantified and deposited at 
the Malacological Collection of Universidade do Estado 
do Rio de Janeiro (Col. Mol. UERJ).
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Table 1. Abundance of the land snail species found in each season at Sooretama Biological Re3serve, Espírito Santo, using plots and 
subplots of 25 x 75 cm within combined sampling method (visual inspection + leaf litter).

Species Summer Autumn Winter Spring Overall

Achatinidae

Allopeas gracile (Hutton, 1834) 1 1 0 1 3

Allopeas micra (d’Orbigny, 1835) 0 1 1 3 5

Leptopeas bequaerti Pilsbry, 1926 2 5 4 3 14

Leptinaria concentrica (Reeve, 1849) 2 0 0 10 12

Leptinaria unilamellata (d’Orbigny, 1835) 11 0 5 0 16

Bulimulidae

Cochlorina aurisleporis (Bruguière, 1792) 0 0 0 2 2

Cochlorina intensior (Pilsbry, 1898) 0 0 1 6 7

Pseudoxychona pileiformis (Moricand, 1836) 1 0 7 2 10

Drymaeus flexilabris (Pfeiffer, 1853) 2 3 1 3 9

Charopidae

Radiodiscus goeldii (Thiele, 1927) 0 0 0 3 3

Lilloiconcha superba (Thiele, 1927) 0 0 1 0 1

Euconulidae

Euconulus martinezi (Hidalgo, 1869) 1 0 0 0 1

Habroconus semenlini (Moricand, 1846) 8 3 0 2 13

Pseudoguppya aenea (Scott, 1948) 37 4 13 7 61

Helicinidae

Helicina angulata Sowerby II, 1842 0 3 0 0 3

Helicina variabilis Wagner, 1910 4 2 0 0 6

Helicina inaequistriata Pilsbry, 1900 1 0 1 0 2

Odontostomidae

Bahiensis albofilosus (Dohrn, 1883) 1 4 0 4 9

Bahiensis bahiensis (Moricand, 1833) 0 0 1 1 2

Burringtonia pantagruelina (Moricand, 1833) 0 0 0 3 3

Orthalicidae

Orthalicus prototypus Pilsbry, 1899 3 0 2 2 7

Pleurodontidae

Solaropsis amazonica (Reeve, 1854) 0 1 2 1 4

Solaropsis rosarium (Pfeiffer, 1849) 0 0 0 2 2

Scolodontidae

Happia pilsbryi Gube, 1902 3 0 3 6 12

Scolodonta spirorbis (Deshayes, 1850) 5 10 9 7 31

Scolodonta bounobaena (d’Orbigny, 1835) 0 0 6 8 14

Systrophia circumplexa (Deshayes, 1839) 1 0 2 3 6

Happiella sp. 1 2 0 0 3

Tamayoa banghaasi (Thiele, 1927) 19 0 0 13 32

Tamayoa decolorata (Drouët, 1859) 0 0 5 2 7

Simpulopsidae

Leiostracus perlucidus (Spix, 1827) 32 9 19 39 99

Rhinus ciliatus (Gould, 1846) 1 0 1 2 4

Simpulopsis atrovirens (Moricand, 1836) 0 0 1 4 5

Streptaxidae

Rectartemon iguapensis (Pilsbry, 1930) 18 2 2 2 24

Rectartemon iheringi (Thiele, 1927) 2 0 3 3 8

Overall 156 50 90 144 440
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leaf-litter humidity (r2 = 0.0316, p = 0.692), in contrast, 
did not affect overall the land snail abundance (Table 3).

Considering the relative air and soil humidity, 
Radiodiscus goeldii, Systrophia circumplexa, Scolodonta 
bounobaena, Solaropsis amazonica, Happiella sp., Solaropsis 
rosarium and Happia pilsbryi were the species most 
associated with moisture environments. On the other 
hand, the synanthropic achatinids Allopeas micra, Leptinaria 
unilamellata, Leptopeas bequaerti and Allopeas gracile were 
the species less demanding of moisture (Figure 4).

The species richness varied among seasons (ANOVA; 
DF = 3; F = 3.565, p = 0.016), with the highest mean values 
in summer and spring (Table  2, Figure  3). The highest 
variation occurred between summer and autumn (Tukey´s 
Test; Q = 4.035, p = 0.026) and the smallest variation 
occurred between spring and summer (Q = 0.399, p = 
0.992). Comparatively, the rainy season was hotter and 
wetter than the dry season (Table 2). There was a sharp 
moisture gradient between plots, with the measured 
relative air humidity varying from 17% to 53% and soil 
humidity varying from 43% to 91% in the dry season, and 
relative air humidity varying from 28% to 100% and the soil 
humidity varying from 50% to 100% in the rainy season. The 
environmental parameters that showed the highest rates of 
variation among the plots were leaf-litter humidity in the 
dry season (37.2%) and soil humidity in the rainy season 
(34.7%), contrasting with soil temperature (2.8% and 1.6% 
of variance, dry and rainy season respectively) (Table 2).

The Envfit Test indicated that the environmental 
parameters soil temperature (r2 = 0.4113, p = 0.008), relative 
air humidity (r2 = 0.7406, p = 0.001) and soil humidity 
(r2 = 0.5111, p = 0.001) affected significantly the overall 
land snail abundance in the local community (Table 3). 
Atmospheric temperature (r2 = 0.0953, p = 0.355) and 

Figure 2. Cumulative curve of richness of land snails recorded at 
the Sooretama Biological Reserve, Espírito Santo, Brazil.

Table 2. Environmental parameters analyzed at the plots in the Sooretama Biological Reserve, Espírito Santo, Brazil. Min: minimum; 
Max: maximum; SD: standard deviation; % Var: variation rate among each plot.

Environmental variables Unit
Dry season Rainy season

Min Mean Max SD % Var Min Mean Max SD % Var

Atmospheric temperature °C 22.0 24.3 27.0 1.6 6.9 23.0 25.2 28.0 1.1 4.6

Soil temperature °C 19.3 20.5 21.5 0.6 2.8 20.0 21.0 22.3 0.3 1.6

Relative air humidity % 43.0 70.3 91.0 14.0 19.9 50.0 86.1 100 12.9 15.0

Soil humidity % 17.0 39.9 53.0 10.2 25.9 28.0 63.8 100 22.1 34.7

Leaf-litter humidity % 16.0 50.7 85.0 18.8 37.2 33.0 64.8 98.0 17.3 26.7

Table 3. Summary of the NMDS performed for seasonal variables 
used to characterize plots and overall land snail species distribution 
at the Sooretama Biological Reserve, Espírito Santo, Brazil. Bold 
numbers indicate p < 0.05.

NMDS1 NMDS2 r2 P (>r)

Atmospheric 
temperature

-0.99716 -0.07529 0.0953 0.355

Soil temperature -0.86829 0.49605 0.4113 0.008

Relative air humidity 0.98166 -0.19064 0.7406 0.001

Soil humidity 0.97473 0.22338 0.5111 0.001

Leaf-litter humidity -0.44584 -0.89511 0.0316 0.692

Figure 3. Boxplot with the variance of abundance between seasons 
of the land snail community at Sooretama Biological Reserve, 
Espírito Santo, Brazil (F = 3.565, p = 0.016).
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studies on the seasonal variation of terrestrial gastropod 
communities in Brazil that allow for direct comparisons 
under similar climatic conditions.

Additionally, our results showed that the land snail 
community in the Sooretama Biological Reserve was 
significantly affected by relative air humidity and soil 
humidity (p = 0.001) but not by leaf-litter humidity (p 
= 0.692). These findings are consistent with Boycott’s 
(1934) pioneering study on land snails, as well as with 
research conducted in various countries examining 
species distribution patterns across seasons, including 
Madagascar (Emberton et al., 1999), England (Millar and 
Waite, 2002), Germany (Martin and Sommer, 2004), 
Tanzania (Tattersfield et al., 2006), Central and Eastern 
Europe (Horsák et al., 2007), and Brazil (Nunes and Santos, 
2012). Terrestrial gastropods, having a permeable body and 
moving by laying down moist mucus trails, suffer high 
rates of dehydration (Prior, 1985; Luchtel and Deyrup-
Olsen, 2001). Terrestrial gastropods, having a permeable 
body and moving by laying down moist mucus trails, are 
highly susceptible to dehydration (Prior, 1985; Luchtel and 
Deyrup-Olsen, 2001). Moist conditions are essential for 
respiration and reproduction (Coney et al., 1982) and for 
mucus production, which is vital for locomotion (Cameron, 
1970). However, all previous studies assessing the influence 
of soil humidity on land snail distribution have analyzed 
assemblages from isolated and distant sites, mostly on 
relatively large regional scales. This sampling approach 
may introduce bias due to site-specific characteristics 
unrelated to soil moisture that could also influence land 
snail distribution (Hettenbergerová et al., 2013).

We found a remarkable change of species composition 
over a moisture gradient. For both relative air humidity 
and soil humidity, species differed in their optima along 
the gradient, with five species preferring wetter plots 

4. Discussion

Our study showed that the terrestrial snail community 
is relatively rich, both in terms of species richness and in 
variation of composition along the year. Scolodontidae 
was the most speciose family, with seven registered 
species, and Tamayoa banghaasi (Thiele, 1927) was the 
most abundant species among the Scolodontidae (Table 1). 
However, Leiostracus perlucidus Spix, 1827 (Simpulopsidae) 
was the most abundant species in the entire sampling 
period. Representatives of the family Scolodontidae 
(formerly Systrophiidae) can be found frequently and 
often abundantly across Central and South America from 
Mexico to Argentina and Chile (Hausdorf, 2006). Our results 
align with previous studies on land snail community 
composition in different regions, including Brazil (Ilha 
Grande [Santos and Monteiro, 2001; Nunes and Santos, 
2012]), Peru (San Martin [Ramírez and Cordová, 1997], 
Cashiriani [Ramírez and Caro, 1998], Lower Urubamba 
Forest [Ramírez et al., 2001], Los Amigos [Ituarte et al., 
2008], Panguana [Wendebourg and Hausdorf, 2019]), and 
Venezuela (La Fría [Baker, 1925]).

Our data revealed that the composition of the land 
snail community in the Sooretama Biological Reserve 
varied across seasons. The highest values for species 
richness and abundance were recorded in summer and 
spring (Table 1). Interestingly, we observed a grouping 
between spring and winter, suggesting that community 
parameters in these seasons are similar, indicating the 
influence of seasonality on the land snail community in 
the studied area. However, during the studied period, 
an atypical rainfall pattern occurred due to the El Niño 
phenomenon (AGERH, 2017), resulting in a comparatively 
drier period in the region, which may have affected 
species composition. Unfortunately, there are no previous 

Figure 4. Species occurrences along a fine-scale moisture gradient at the Sooretama Biological Reserve, Espírito Santo, Brazil: pattern 
in a soil humidity gradient and in a relative air humidity gradient.
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(R. goeldii, S. circumplexa., S. bounobaena, S. amazonica 
and H. pilsbryi), other four species being more abundant 
in drier plots (A. micra, L. unilamellata, L. bequaerti and 
A. gracile) and the other 26 species in an intermediary 
environment. In different environmental and climatic 
conditions, Hettenbergerová et al. (2013) found a pattern 
of species displacement in the humidity gradient similar 
to our results, suggesting a species turnover from drier 
to wetter plots rather than species accumulation towards 
wetter plots.

Our study is the first to provide data on seasonal 
variation and species distribution patterns along a moisture 
gradient in a land snail community in Brazil, within a 
natural environment. Despite the climatic influence of El 
Niño, which led to a prolonged drought during the studied 
period, our results showed that the land snail community 
varied across seasons, particularly between summer and 
autumn. Although the studied period was drier than 
the historical average, the highest species richness and 
abundance were found in summer and spring, which 
are the rainy seasons, indicating a positive relationship 
between land snails and humidity. Our findings lead to 
important autecological insights: while our system did 
not include extremely dry plots, the results revealed a 
clear compositional shift along the moisture gradient, 
suggesting species-specific moisture preferences even 
at a fine spatial scale.

Acknowledgements

CFDR received grants from Conselho Nacional do 
Desenvolvimento Científico e Tecnológico (CNPq) (Processes 
302974/2015-6, 424473/2016-0 and 304375/2020-9), and 
from Fundação Carlos Chagas Filho de Amparo à Pesquisa 
do Estado do Rio de Janeiro (FAPERJ) through the Cientistas 
do Nosso Estado Program (Processes E-26/010.001639/2014/
Biota, E-26/202.803/2018 and E-26/201.083/2022) and 
Prociência scholarship from Universidade do Estado do 
Rio de Janeiro – UERJ. SBS received financial support from 
FAPERJ (E-26/111.573/2013). This study was funded in 
part by the Coordenação de Aperfeiçoamento de Pessoal 
de Nível Superior – Brasil (CAPES) – Finance Code 001. 
Authorization 58958-1 to collect the gastropods was 
granted by Instituto Chico Mendes de Conservação da 
Biodiversidade (ICMBio).

References

AGÊNCIA ESTADUAL DE RECURSOS HÍDRICOS DO ESPÍRITO 
SANTO – AGERH, 2017 [viewed 16 April 2024]. Diagnóstico 
dos recursos hídricos do estado do Espírito Santo: relatório 
técnico sobre disponibilidades hídricas [online]. Available 
from: https://perh.es.gov.br/Media/perh/Arquivos%20
Biblioteca/Diagn%C3%B3sticos/Diagn%C3%B3stico_
Disponibilidade_H%C3%ADdrica_PERHES.pdf

BARKER, G.M. and MAYHILL, P.C., 1999. Patterns of diversity and 
habitat relationships in terrestrial mollusc communities of 
the Pukeamaru Ecological District, northeastern New Zealand. 
Journal of Biogeography, vol. 26, no. 2, pp. 215-238. http://doi.
org/10.1046/j.1365-2699.1999.00267.x.

https://doi.org/10.1079/9780851993188.0000
https://doi.org/10.2307/2256094
https://doi.org/10.2307/2256094
https://doi.org/10.1111/j.1469-7998.1970.tb02900.x
https://doi.org/10.1111/j.1469-7998.1970.tb02900.x
https://doi.org/10.4002/040.053.0105
https://doi.org/10.1093/mollus/eym041
https://doi.org/10.1093/mollus/eym041
https://doi.org/10.1890/06-1735.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17645020&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17645020&dopt=Abstract
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1111/j.1442-9993.1993.tb00438.x
https://doi.org/10.1079/9780851993188.0489
https://doi.org/10.1016/S0006-3207(98)00135-9
https://doi.org/10.1016/S0006-3207(98)00135-9
https://doi.org/10.1007/BF00038687
https://doi.org/10.1007/BF00038687
https://doi.org/10.1046/j.1365-2699.1999.00267.x
https://doi.org/10.1046/j.1365-2699.1999.00267.x


Brazilian Journal of Biology, 2025, vol. 85, e2878848/9

Esteves, R.A., Santos, S.B. and Rocha, C.F.D.

long-term ecological research sites. Biota Neotropica, vol. 5, no. 
2, pp. 1-6. http://doi.org/10.1590/S1676-06032005000300002.

MAGURRAN, A.E., 2011. Medindo a diversidade biológica. Curitiba: 
Editora da UFPR, 262 p.

MARTIN, K. and SOMMER, M., 2004. Relationships between land 
snail assemblage patterns and soil properties in temperate-
humid forest ecosystems. Journal of Biogeography, vol. 31, no. 4, 
pp. 531-545. http://doi.org/10.1046/j.1365-2699.2003.01005.x.

MILLAR, A.J. and WAITE, S., 2002. The relationship between snails, 
soil factors and calcitic earthworm granules in a coppice 
woodland in Sussex. Journal of Conchology, vol. 37, no. 5, pp. 
483-503. http://doi.org/10.5962/p.408198.

MYERS, N., MITTERMEIER, R.A., MITTERMEIER, C.G., DA FONSECA, 
G.A.B. and KENT, J., 2000. Biodiversity hotspots for conservation 
priorities. Nature, vol. 403, no. 6772, pp. 853-858. http://doi.
org/10.1038/35002501. PMid:10706275.

NUNES, G.K.M. and SANTOS, S.B., 2012. Environmental factors 
affecting the distribution of land snails in the Atlantic Rain 
Forest of Ilha Grande, Angra dos Reis, RJ, Brazil. Brazilian 
Journal of Biology = Revista Brasileira de Biologia, vol. 72, no. 1, 
pp. 79-86. http://doi.org/10.1590/S1519-69842012000100010. 
PMid:22437388.

OKSANEN, J., BLANCHET, F.G., KINDT, R., LEGENDRE, P., MINCHIN, 
P.R., O’HARA, R.B., SIMPSON, G.L., SOLYMOS, P., STEVENS, 
M.H.H. and WAGNER, H., 2013 [viewed 14 November 2023]. 
Package ‘vegan’. Community Ecology Package. R package version 
2.0–6 [software]. Avaliable from: https://cran.r-project.org/
web/packages/vegan/

OLIVEIRA, J.L., VASCONCELOS, M.C. and SANTOS, S.B., 2021. The 
RAPELD methodology in the standardization of samples for 
ecology studies of terrestrial molluscs. In: C.D.D. SILVA and D.A. 
MOTA, eds. A pesquisa em Ciências Biológicas: desafios atuais e 
perspectivas futuras. Ponta Grossa: Editora Atena, pp. 120-134.. 
http://doi.org/10.22533/at.ed.26321041010.

PEIXOTO, A.L. and GENTRY, A., 1990. Diversidade e composição 
florística da Mata de Tabuleiro na Reserva Florestal de Linhares 
(Espírito Santo, Brasil). Revista Brasileira de Botanica, vol. 13, 
no. 1, pp. 19-25.

PIANKA, E.R., 2000. Evolutionary ecology. Austin: Addison Wesley 
Educational Publishers Inc., 528 p.

PRIOR, D.J., 1985. Water-regulatory behavior in terrestrial 
gastropods. Biological Reviews of the Cambridge Philosophical 
Society, vol. 60, no. 3, pp. 403-424. http://doi.org/10.1111/j.1469-
185X.1985.tb00423.x. PMid:3899207.

RAMÍREZ, R. and CARO, K., 1998. Snails: biodiversity assessment in 
the lower Urubamba Region. In: A. ALONSO and F. DALLMEIER, 
eds. Biodiversity assessment of the lower Urubamba Region, 
Peru: Cashiriari 3 - Well Site and the Camisea and Urubamba 
Rivers. Washington: Smithsonian Institution/MAB Biodiversity 
Program, SI/MAB Series, no. 2, pp. 113–117.

RAMÍREZ, R., CÓRDOVA, S. and CARO, K., 2001. Diversity of Land 
Mollusks in the Bamboo-dominated Forest of the Lower 
Urubamba Region, Peru. In: A. ALONSO, F. DALLMEIER and P. 
CAMPBELL, eds. Urubamba: The Biodiversity of a Peruvian Rain 
Forest. Washington: Smithsonian Inst., pp. 49-53.

ROSENZWEIG, M.L., 1995. Species diversity in space and time. 
Cambridge: University Press, 436 p. http://doi.org/10.1017/
CBO9780511623387.

RSTUDIO TEAM, 2018 [viewed 14 November 2023]. RStudio: 
Integrated Development for R. RStudio Inc., Boston, MA. 
Avaliable from: http://www.rstudio.com/.

SANTOS, S.B. and MONTEIRO, D.P., 2001. Composição dos gastrópodes 
terrestres em duas áreas do Centro de Estudos Ambientais 

GETZ, L.L. and UETZ, G.W., 1994. Species diversity of terrestrial snail 
in the Southern Appalachian Mountains, U.S.A. Malacological 
Review, vol. 27, pp. 61-74.

HAUSDORF, B., 2006. The systematic position of Scolodonta 
Doring, 1875 and Scolodontidae H.B. Baker, 1925 (Gastropoda: 
pulmonata). Zoologischer Anzeiger, vol. 245, no. 3-4, pp. 161-165. 
http://doi.org/10.1016/j.jcz.2006.05.007.

HETTENBERGEROVÁ, E., HORSÁK, M., CHANDRAN, R., HÁJEK, M., 
ZELENÝ, D. and DVOŘÁKOVÁ, J., 2013. Patterns of land snail 
assemblages along a fine-scale moisture gradient. Malacologia, 
vol. 56, no. 1-2, pp. 31-42. http://doi.org/10.4002/040.056.0227.

HORSÁK, M., CHYTRÝ, M., DANIHELKA, J., KOČÍ, M., KUBEŠOVÁ, S., 
LOSOSOVÁ, Z., OTÝPKOVÁ, Z. and TICHÝ, L., 2010. Snail faunas in 
the Southern Ural forests and their relations to vegetation: an 
analogue of the Early Holocene assemblages of Central Europe? 
The Journal of Molluscan Studies, vol. 76, no. 1, pp. 1-10. http://
doi.org/10.1093/mollus/eyp039.

HORSÁK, M., HÁJEK, M., TICHÝ, L. and JUŘIČKOVÁ, L., 2007. 
Plant indicator values as tool for land mollusc autecology 
assessment. Acta Oecologica, vol. 32, no. 2, pp. 161-171. http://
doi.org/10.1016/j.actao.2007.03.011.

HORSÁK, M., JUŘIČKOVÁ, L., HORSÁKOVÁ, V., POKORNÁ, A., 
POKORNÝ, P., ŠIZLING, A.L. and CHYTRÝ, M., 2018. Forest snail 
diversity and its environmental predictors along a sharp climatic 
gradient in southern Siberia. Acta Oecologica, vol. 88, pp. 1-8. 
http://doi.org/10.1016/j.actao.2018.02.009.

HYLANDER, K., NILSSON, C., GUNNAR JONSSON, B. and GÖTHNER, 
T., 2005. Differences in habitat quality explain nestedness in a 
land snail metacommunity. Oikos, vol. 108, no. 2, pp. 351-361. 
http://doi.org/10.1111/j.0030-1299.2005.13400.x.

INSTITUTO CHICO MENDES DE CONSERVAÇÃO DA BIODIVERSIDADE 
– ICMBIO, 2019. Plano de Manejo da Reserva Biológica de 
Sooretama. Brasília: ICMBio.

ITUARTE, C., CUEZZO, G. and RAMÍREZ, R., 2008 [viewed 21 March 
2022]. Inventario preliminar de los moluscos terrestres y de agua 
dulce del área de la Reserva Los Amigos [online]. Available from: 
http://www.amazonconservation.org

JUŘIČKOVÁ, L., HORSÁK, M., CAMERON, R., HYLANDER, K., 
MÍKOVCOVÁ, A., HLAVÁČ, J.Č. and ROHOVEC, J., 2008. Land 
snail distribution patterns within a site: the role of different 
calcium sources. European Journal of Soil Biology, vol. 44, no. 
2, pp. 172-179. http://doi.org/10.1016/j.ejsobi.2007.07.001.

KESSLER, M., 2009. The impact of population processes on patterns 
of lessons from elevational gradients. Basic and Applied 
Ecology, vol. 10, no. 4, pp. 295-299. http://doi.org/10.1016/j.
baae.2008.10.006.

KREBS, C.J., 2001. Ecology: the experimental analysis of distribution 
and abundance. San Francisco: Benjamin Cumming, 695 p.

LANDEIRO, V.L., 2011. Introdução ao uso do programa R [online] 
[viewed 10 February 2022]. Available from: https://cran.rproject.
org/doc/contrib/Landeiro-Introducao.pdf

LEWINSOHN, T.M., FREITAS, A.V.L. and PRADO, P.I., 2005. 
Conservation of terrestrial invertebrates and their habitats in 
Brazil. Conservation Biology, vol. 19, no. 3, pp. 640-645. http://
doi.org/10.1111/j.1523-1739.2005.00682.x.

LUCHTEL, D.L. and DEYRUP-OLSEN, I., 2001. Body wall: form 
and function. In: G.M. BARKER, ed. The biology of terrestrial 
molluscs. Wallingford: CAB International, pp. 147-178. http://
doi.org/10.1079/9780851993188.0147.

MAGNUSSON, W.E., LIMA, A.P., LUIZÃO, R., LUIZÃO, F., COSTA, 
F.R.C., CASTILHO, C.V. and KINUPP, E.V.F., 2005. RAPELD: a 
modification of the Gentry Method for biodiversity surveys in 

https://doi.org/10.1590/S1676-06032005000300002
https://doi.org/10.1046/j.1365-2699.2003.01005.x
https://doi.org/10.5962/p.408198
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10706275&dopt=Abstract
https://doi.org/10.1590/S1519-69842012000100010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22437388&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22437388&dopt=Abstract
https://doi.org/10.22533/at.ed.26321041010
https://doi.org/10.1111/j.1469-185X.1985.tb00423.x
https://doi.org/10.1111/j.1469-185X.1985.tb00423.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3899207&dopt=Abstract
https://doi.org/10.1017/CBO9780511623387
https://doi.org/10.1017/CBO9780511623387
https://doi.org/10.1016/j.jcz.2006.05.007
https://doi.org/10.4002/040.056.0227
https://doi.org/10.1093/mollus/eyp039
https://doi.org/10.1093/mollus/eyp039
https://doi.org/10.1016/j.actao.2007.03.011
https://doi.org/10.1016/j.actao.2007.03.011
https://doi.org/10.1016/j.actao.2018.02.009
https://doi.org/10.1111/j.0030-1299.2005.13400.x
https://doi.org/10.1016/j.ejsobi.2007.07.001
https://doi.org/10.1016/j.baae.2008.10.006
https://doi.org/10.1016/j.baae.2008.10.006
https://doi.org/10.1111/j.1523-1739.2005.00682.x
https://doi.org/10.1111/j.1523-1739.2005.00682.x
https://doi.org/10.1079/9780851993188.0147
https://doi.org/10.1079/9780851993188.0147


Brazilian Journal of Biology, 2025, vol. 85, e287884 9/9

Seasonality of an Atlantic Rainforest snail community

(Aegean, Greece). Acta Oecologica, vol. 36, no. 3, pp. 282-290. 

http://doi.org/10.1016/j.actao.2010.01.007.

TATTERSFIELD, P., SEDDON, M.B., NGEREZA, C. and ROWSON, B., 

2006. Elevational variation in diversity and composition of land- 

snail in Tanzanian forest. African Journal of Ecology, vol. 44, no. 

1, pp. 47-60. http://doi.org/10.1111/j.1365-2028.2006.00612.x.

WENDEBOURG, B. and HAUSDORF, B., 2019. The land snail fauna 

of a South American rainforest biodiversity hotspot: the 

Panguana conservation area in the Peruvian Amazon. Journal 

of Molluscan Studies, vol. 85, no. 3, pp. 311-318. http://doi.

org/10.1093/mollus/eyz014.

e Desenvolvimento Sustentado (CEADS), Vila Dois Rios, Ilha 
Grande, RJ, Brasil - um estudo piloto. Revista Brasileira de Zoologia, 
vol. 18, no. 1, suppl. 1, pp. 181-190. http://doi.org/10.1590/
S0101-81752001000500014.

SCHILTHUIZEN, M., 2011. Community ecology of tropical forest 
snails: 30 years after Solem. Contributions to Zoology, vol. 80, 
no. 1, pp. 1-15. http://doi.org/10.1163/18759866-08001001.

SCHILTHUIZEN, M., CHAI, H.-N., KIMSIN, T.E. and VERMEULEN, 
J., 2003. Abundance and diversity of land snails (Mollusca: 
Gastropoda) on limestone hills in Borneo. The Raffles Bulletin 
of Zoology, vol. 51, no. 1, pp. 35-42.

SIMAIAKIS, S.M. and MARTÍNEZ-MORALES, M.A., 2010. Nestedness 
in centipede (Chilopoda) assemblages on continental islands 

https://doi.org/10.1016/j.actao.2010.01.007
https://doi.org/10.1111/j.1365-2028.2006.00612.x
https://doi.org/10.1093/mollus/eyz014
https://doi.org/10.1093/mollus/eyz014
https://doi.org/10.1590/S0101-81752001000500014
https://doi.org/10.1590/S0101-81752001000500014
https://doi.org/10.1163/18759866-08001001

