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Resumo

As esponjas de agua doce da ordem Spongillida colonizaram diversos ambientes, incluindo subterrdneos, onde registros séo raros. Este tra-
balho investigou fatores ambientais que influenciam a distribuicdo de Racekiela cavernicola na caverna BrejGes | (Bahia, Brasil). Durante a es-
tacdo chuvosa (01/2024), a espécie foi registrada apenas em pogas freaticas subterraneas, enquanto na seca (07/2024), predominou ao longo
do rio Jacaré. Fatores como temperatura, sazonalidade e condutividade apresentaram influéncia significativa, sendo a abundancia maior em
temperaturas até 23°C e condutividade maior que 2,0 mS/cm. Metais pesados foram detectados nos sedimentos dos ambientes aquaticos e
podem ter afetado os padrdes observados, portanto, é fundamental implementar iniciativas que promovam o monitoramento da qualidade
da dgua em Brejdes e a analise detalhada da distribuicdo e formato da fase filtradora ativa dessa espécie, a fim de compreender seu status de
conservagdo e aprofundar o conhecimento sobre sua biologia.

Abstract

Freshwater sponges of the order Spongillida have colonized various environments, including subterranean ones, where records are rare. This
study investigated the environmental factors influencing the distribution of Racekiela cavernicola in the Brejdes | cave (Bahia, Brazil). During
the rainy season (01/2024), the species was found only in subterranean phreatic pools, while in the dry season (07/2024), it predominated
along the Jacaré River. Factors such as temperature, seasonality, and conductivity significantly influenced, with higher abundance recorded
at temperatures up to 23°C and conductivity more significant than 2 mS/cm. Heavy metals were detected in the sediments of aquatic envi-
ronments, which may have influenced the observed patterns. Thus, it is crucial to implement initiatives focused on monitoring water quality
in Brejoes and conducting detailed analyses of the distribution and morphology of the active filtering phase of this species, to understand its

conservation status better and expand knowledge of its biology.

1. Introduction

There are over 9,000 known species of sponges (Porifera) (DE
VONGD et al., 2025), but only 3% inhabit freshwater environments, all
of which belong to the order Spongillida (MANCONI & PRONZATO, 2016).
This group has successfully colonized a wide range of aquatic habitats,
including lotic and lentic systems in both perennial and temporary
regimes, spanning coastal islands, high plains, mountains, and even
subterranean environments (MANCONI & PRONZATO, 2016). A key fac-
tor in their colonization success is the presence of gemmules, resilient
asexual reproductive structures capable of cryptobiosis, which also aid
in dispersal processes (MANCONI & PRONZATO, 2016).

Records of freshwater sponges in subterranean environments are
rare, partly due to the logistical challenges of exploring and studying such
habitats (MAMMOLA et al.,2019). These occurrences fall into two catego-
ries: epigean sponges that enter subterranean environments accidentally
and sponges that are restricted to these habitats, exhibiting adaptations
associated with isolation (stygobionts) (Volkmer-Ribeiro et al., 2010).

To date, four cave-restricted freshwater sponge species have been
documented. Thefirst is Eunapius subterraneus, which includes two subs-
pecies, E. s. subterraneus and E. s. mollisparspanis (Sket & Velikonja, 1984).
This species, recorded in the temperate Ogulin Karst region of Croatia,
requires taxonomic revision, as molecular data suggestit does not belong
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to the genus Eunapius (Harcet et al., 2010). The other three species are
from tropical regions: one potentially from the genus Racekiela, found
in the Cueva de Los Sabinos in San Luis Potosi, Mexico (Legendre et al.,
2023); Arinosaster patriciae (Volkmer-Ribeiro et al., 2021), discovered in
a sandstone sinkhole in the Arinos River Basin, Mato Grosso, Brazil; and
Racekiela cavernicola (Volkmer-Ribeiro et al., 2010), recorded in a large
cave system in the semi-arid Bahia state of Brazil. The latter site, due to
its size and variety of aquatic habitats, provides a valuable opportunity
to study distribution patterns, as water characteristics influence the
dispersal of freshwater sponges (Evans, 2016), offeringimportantinsights
into the conservation status of Racekiela cavernicola.

The initial objective of this study was to assess the environmental
factors influencing the distribution of Racekiela cavernicola during
a single sampling event. However, no evidence of the species was
found in the Jacaré River during the rainy season (January 2024), with
specimens observed only in subterranean water pools. Concerned
about potential environmental contamination, we collected water and
sediment samples for contaminant analysis. A second sampling effort
was conducted in the dry season (July 2024) to further investigate the
distribution of this species.
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2. Materials and methods

2.1. 2.1.Study Site

The study was conducted in the Brejdes | cave, located in the mu-
nicipality of Sdo Gabriel, Bahia state (Figure 1A), within the boundaries
of the Gruta dos Brejées/Veredas do Romdo Gramacho Environmental
Protection Area (APA). The region’s climate is classified as semi-arid
(BSh), with annual rainfall below 700 mm, according to the Képpen-
-Geiger classification (ALVARES et al., 2013). The dominant vegetation
is seasonally dry tropical forest, part of the Caatinga biome, within the
biogeographic Irecé District. This district is surrounded by the Southern
Sertaneja Depression and the Chapada Diamantina, characterized by
limestone outcrops and caves, though heavily impacted by agricultural
expansion (MORO et al., 2024).

Brejdes | is part of the Brejoes Karst System, which develops along
the Jacaré River valley, a tributary of the S&o Francisco River. The cave
is approximately 6.5 km long and features a monumental entrance
about 106 meters high. It has two elevation levels: the upper level,
predominantly dry, with large skylights and speleothems, and the lower
level, more humid due to the Jacaré River (Figure 1C), which resurfaces
among blocks about 750 meters from the main entrance (BERT-BORN
& KARMANN, 2002; CARDOSO et al., 2020). There are also lagoons near
the river’s drainage areas with floating calcite deposits and three sub-
terranean water pools (Figure 1B).

2.2. Sampling Design

Biotic and abiotic data were collected in shallow areas along the
Jacaré River and in three subterranean water pools during two sampling
events: one in the rainy season (01/2024) and another in the dry season
(07/2024). At each sampling point, six 1 m? quadrats (Figure 1B) were
aligned and spaced 1 meter apart to count the sponges’ filtering structu-

res, characterize and quantify substrates (fine sediment, rocks, pebbles,
and rafts), and measure the water’s physicochemical parameters. These
included temperature (°C), pH, conductivity (mS/cm), oxidation-reduction
potential (mV), dissolved oxygen (mg/l), turbidity (NTU), salinity, and
total dissolved solids (g/l), using a Horiba U-50 multi-parameter probe.

Additionally, water and sediment samples were collected from
aquatic environments at points 8 and 7 (Figure 1A) and a reference
sample outside the cave to evaluate potential anthropogenic impacts.
Cr, Cd, Pb, Zn, P, and N concentrations were analyzed.

2.3. DataAnalysis

To evaluate seasonal and spatial differences in the water’s physico-
chemical parameters throughout the cave, we used ANOVA for models
meeting the assumptions of normality and homogeneity of variances.
When these assumptions wereviolated, we applied the Kruskal-Wallis test.

To identify which water parameters influence the distribution of
Racekiela cavernicola, we employed Generalized Additive Models (GAM)
using the gam function from the mgcv package. These models are widely
used to estimate smooth nonlinear relationships between predictors
and response variables (PEDERSEN et al., 2019).

Initially, we assessed correlations between variables, selecting only
one from each redundant group (Spearman index = +70%) for analysis.
Next, we built a model with all possible variables. We used the dredge
function from the MuMIn package for model selection, prioritizing the
lowest AlCc and ranking them by the highest weight. It is important to
note that this approach does not account for concurvity among predic-
tors (similar to multicollinearity), which can be a limitation. While more
robust algorithms exist for selecting multiple GAM models to address
thisissue, their application is less intuitive. All analyses were performed
using R software (Development Core R Core Team, 2019)

Figure 1: A) Location and map of the Brej6es | cave, showing sampling points (Jacaré River - points 1, 3, 8, 9, 10, and 11; subterranean pools - points
2,4, 5,6,and 7). Green triangles indicate the cave entrances.B) Racekiela cavernicola. C) Data collection in the subterranean pool at point 5; D)
Jacaré River (flow direction towards the north).
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3. Results

3.1. Seasonal and Habitat Effects on Water
Physicochemical Parameters

We observed that some physicochemical parameters of the cave’s
aquatic environmentvaried between seasons and habitat types. Tempe-
rature was higher during the rainy season (rain =23.9 + 0.52; dry =21.5
+1.83;F(1,2)=172.7, p<0.001). However, during this period, there was
no significant temperature difference between the river and pools (river
=24.33+0.39; pool=23.49 +0.18; p=0.446), whereas in the dry season,
a significant difference was observed (river =23.03 + 0.99; pool = 19.80
+0.14; p <0.001). pH was higher during the rainy season (rain = 8.60 +
0.512; dry = 8.39 + 0.45; F (1,2) = 27.10; p < 0.01), and pools exhibited
higher averages of pH (river = 8.08 + 0.16; pool = 8.94 + 0.22; F (1,2) =
34.75; p <0.01) and dissolved oxygen (river = 1.09 + 1.20; pool = 2.69 +
2.26; Kruskal-Wallis chi-square = 10.49; p < 0.01) compared to the river.

Turbidity varied seasonally in pools (rain = 1.47 + 2.21; dry =4.24 +
2.15; Kruskal-Wallis chi-square = 3.93; p = 0.04). The other parameters
did not show significant variation between seasons or habitats.

3.2. Contaminant Analysis

We were unable to determine the concentrations of elements in the
water samples, but we successfully quantified the elements in sediments,
as shown in Table 1.

Table 1: Concentrations of some chemical elements in the sediment of
the aquatic environment in the Brejées | cave. Cr, Cd, P, Pb, and Zn in mg/
kg (ppm); N in g/kg.

site (o] ad N P Pb Zn
outofthecave | 10,1 0,3 1,25 736,8 5,6 17,2
7 154 0,9 0,83 544,4 19,8 25
8 17,1 1,2 2 621,2 20,1 38,3

3.3. Factors Affecting the Distribution of
Racekiela cavernicola

We counted 98 sponges during the rainy season, allin subterranean
pools, and 1,101 during the dry season, with 1,028 in the river and 73
in the subterranean pools. These results indicate a possible seasonal

4, Discussion

Sessile benthic invertebrates are particularly vulnerable to heavy
metal pollution due to their feeding habits (suspension or filtration)
and limited mobility (ROSENBERG et al., 2004). Sponges, for example,
process large volumes of water and, even at low contaminant con-
centrations, can exhibit morphological, physiological, and behavioral
changes (CEBRIAN et al., 2006; CEBRIAN & URIZ, 2007). However, these
responses vary depending on exposure duration, species, and life stage
(CEBRIAN et al., 2006). Some sponge species have even been proposed
as biomonitors for heavy metals due to their bioaccumulation capacity
(CALHEIRA, 2020; CEBRIAN et al., 2006).

Our findings indicate that the species Racekiela cavernicola inhabits
an environment where heavy metals are present. The concentrations of
Cr, Cd, Pb, and Zn found in the sediments are mostly below the Quality
Reference Values (VRQ) or between the VRQ and Prevention Values
(VP) established by the Sdo Paulo State Environmental Agency for soils
and groundwater (VRQ: 40, 0.5, 17, 60; VP: 75, 1.3, 72, 86, respectively).
However, at sampling point 8, Cd levels were twice the VRQ, approaching
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effect on the species’ abundance.

When analyzing data from both seasons combined, some variables
showed positive redundancy (pH and dissolved oxygen =0.78; conductivity,
salinity, and total dissolved solids = 0.99). Two models showed the same
AICc weight (0.0072), differing only in random factors. We chose the model
that considered the nested structure for our study. This model explained
98% of the data variation and presented the following structure: fixed
variables (season, temperature, pH, ORP, and conductivity) and random
factors (collection points, season, and habitat). Temperature (edf=5.0; ref.
def=8;chi.sq=37.6; p<0.0001), conductivity (edf=5.6; ref.def=6.5; chi.sq
=58.0; p<0.0001), and season (z value = 3.36; p < 0.001) were significant.

The species abundance showed a non-linear relationship with
temperature, increasing up to approximately 23°C and then decreasing
to around 25°C (Figure 2). The increase in conductivity also raised the
number of sponges, although the intensity of this relationship varied
across intervals (Figure 2).
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Figure 2: Factors affecting the distribution of the species Racekiela caver-
nicola. Temperature (temp), conductivity (mS.cm).

the prevention threshold (1.3).

These findings suggest potential agriculturalimpacts on the Brejées
Karst System. Continuous environmental monitoring in the region and
further studies to identify the source of elevated heavy metal concentra-
tionsare crucial. Monitoring R. cavernicola populations and investigating
potential morphological changes in the species could provide valuable
insights into environmental quality.

Regarding ourinitial objective of identifying factors influencing the
species’ distribution, we cannot exclude the potential impact of heavy
metals onthe observed patterns. Previous studies have shown that heavy
metals, even at sublethal concentrations, can interfere with gemmule
hatching and the development of freshwater sponges, thereby affecting
their life cycles and distribution (CALHEIRA, 2020; MYSIN-GUBALA &
PORRIER, 1981; RICHELLE et al., 1995).

Although the observed effects were not lethal, the abundance (or at
least the number of sponges in the active filtering phase) of this species
appears to exhibit seasonality. Most taxa within the order Spongillida
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have life cycles synchronized with seasonal hydroperiod rhythms,
whether short- or long-term (MANCONI & PRONZATO, 2016). The typical
life cycle includes four annual phases: active filtering (associated with
sexual reproduction), metamorphosis via gemmulation, dormancy as a
gemmule mat, and gemmule hatching followed by sponge regeneration
(MANCONI & PRONZATO, 2016).

However, this species seems to deviate from this standard pat-
tern, maintaining an active filtering phase year-round, with a marked
increase in abundance during the dry season. Habitat-specific factors
may influence this behavior (CALHEIRA et al., 2020), as certain species,
such as Ephydatia fluviatilis, demonstrate plasticity in their life cycles

5. Conclusion

We conclude that seasonality, temperature, and conductivity likely
influence the distribution and abundance offiltering structures in the ca-
ve-dwelling species Racekiela cavernicola. However, the presence of heavy
metals in the environment may also have contributed to the observed

Acknowledgments

The authors would like to thank the Centro Nacional de Pesquisa e
Conservagao de Cavernas (CECAV) and Instituto Brasileiro de Desenvolvi-
mento e Sustentabilidade (IABS) for the financial support (n°. 039/2024.
TCCEICMBio/Vale lll). We are also thankful to the CNPq (National Council
for Scientificand Technological Development, grant n. 302925/ 2022-8)
for the productivity scholarship provided to Rodrigo Lopes Ferreira.,

References

ALVARES, C. A.; STAPE, J. L.; SENTELHAS, P. C.; DE MORAES GONCALVES,
J. L.; SPAROVEK, G. Képpen’s climate classification map for Brazil. Me-
teorologische Zeitschrift, v. 22, p. 711-728,2013. Disponivel em: https://
doi.org/10.1127/0941-2948/2013/0507.

BERBERT-BORN, M.; KARMANN, I. Lapa dos Brejdes-Vereda Romdo Gra-
macho, Chapada Diamantina, BA. Sitios geoldgicos e paleontoldgicos
do Brasil, v. 2, 2002.

CALHEIRA, L. Reproducdo de esponjas de aguas continentais como
modelo para estudo de ecotoxicologia e distribuigdo. Tese de Dou-
torado (Doutorado em Biologia Animal) - Universidade Federal de
Pernambuco, 2020.

CALHEIRA, Ludimila; SANTOS, Paulo JP; PINHEIRO, Ulisses. Hatchability of
gemmules of two Neotropical freshwater sponges (Porifera: Spongillida).
Iheringia. Série Zoologia, v. 110, p. €2020001, 2020.

CARDOSO, G. M.; BASTOS-PEREIRA, R.; SOUZA, L. A.; FERREIRA, R. L. New
cave species of Pectenoniscus Andersson, 1960 (Isopoda: Oniscidea:
Styloniscidae) and an identification key for the genus. Nauplius, v. 28,
2020039, 2020.

CEBRIAN, E. et al. Response of the Mediterranean sponge Chondrosia
reniformis Nardo to heavy metal pollution. Environ Pollut, v. 141, p.
452-458, 2006.

CEBRIAN, E.; URIZ, M. J. Contrasting effects of heavy metals on sponge
cell behavior. Archives of environmental contamination and toxicology,
V.53, p. 552-558, 2007.

CULVER, D. C.; PIPAN, T. Subterranean ecosystems. In: LEVIN, S. A. (Ed.).
Encyclopedia of Biodiversity. 2. ed. Academic Press, Waltham, 2013.
p. 49-62.

DEVOOGD, N. J. etal. World Porifera Database. Accessed at https://www.

279

(MANCONI & PRONZATO, 2016). Seasonal temperature fluctuations be-
tween the rainy and dry seasons in the semi-arid Caatinga biome may
serve as a primary driver of phase transitions in this species’ life cycle,
as suggested by its distribution model.

Another factor influencing the species’ distribution was conductivity
(mS/cm), which could correlate with cave sites offering greater availa-
bility of nutrients and organic particles. Given that cave environments
are generally oligotrophic (CULVER & PIPANCulver & Pipan, 2013), the
higher prevalence of filtering structures in such locations may reflect
an adaptive strategy to maximize the capture of scarce food resources.

patterns. Efforts to monitor water quality in the BrejGes region, along with
studies on the distribution and morphology of this species, are crucial
for understanding its conservation status and enhancing knowledge of
its biology and the processes driving isolation in freshwater sponges.

and to the team from the Center of Studies in Subterranean Biology
(CEBS/UFLA) for the support in the field trips. Gabriel Augusto Silva Vaz
was spon sored by CECAV and IABS for the master’s degree scholarship
granted. We would also like to thank Fabio for his help ininterpreting the
contaminant analysis. Finally, we thank Anaildes and family, residents,
who provide accommodation in BrejGes cave Quilombola Community.

marinespecies.org/porifera on 2025-01-13. doi:10.14284/359

EVANS K., L. Biodiversity of freshwater sponges (Porifera: Spongillidae)
in the UK: taxonomy, distribution, and ecology. Thesis submitted in
accordance with the requirements of the University of Liverpool for the
degree of Doctor of Philosophy, 2016.

HARCET, M. B. et al. Taxonomic position of Eunapius subterraneus (Pori-
fera, Spongillidae) inferred from molecular data - Arevised classification
needed? Molecular Phylogenetics and Evolutionv. 54, n. 3, p. 1021-1027,
2010. https:// doi.org/10.1016/j.ympev.2009.12.019

LEGENDRE, L. et al. First record of a freshwater cave sponge (Porifera,
unknown gen. and sp.) in a cave inhabited by Astyanax cavefish in the
Sierra de El Abra, San Luis Potosi, Mexico. Subterranean Biology, v. 45,
p. 187-198, 2023.

MAMMOLA, S et al. Collecting eco-evolutionary data in the dark: impe-
diments to subterranean research and how to overcome them. Ecology
and Evolution, v. 11, p. 5911-5926, 2021.

MANCONI, R.; PRONZATO, R. How to survive and persist in temporary
freshwater? Adaptive traits of sponges (Porifera: Spongillida): A review.
Hydrobiologia, v. 782, p. 11-22, 2016.

MORO, M. F. et al. Biogeographical districts of the Caatinga Dominion:
a proposal based on geomorphology and endemism. The Botanical
Review, p. 1-54,2024.

MYSING-GUBALA, M.; Poirrier, M. A. The effects of cadmium and mercury
on gemmule formation and gemmosclere morphology in Ephydatia
fluviatilis (Porifera: Spongillidae). Hydrobiologia, v. 76, p. 145-148, 1981

R Core Team, 2019. R: a Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna. https://
www.R-project.org/.



19t International Congress of Speleology and 38° Congresso Brasileiro de Espeleologia - Belo Horizonte 2025 - Vol. VII

RICHELLE, E. et al. Experimental and field studies on the effect of selected
heavy metals on three freshwater sponge species: Ephydatia fluviatilis,
Ephydatia muelleri and Spongilla lacustris. Hydrobiologia, v. 135, p.
209-231, 1995.

ROSENBERG, R. et al. Marine quality assessment by use of benthic
species-abundance distributions: a proposed new protocol within the
European Union Water Framework Directive. Marine pollution bulletin,
V.49, n.9-10, p. 728-739, 2004.

VOLKMER-RIBEIRO, C.; BICHUETTE, M. E.; MACHADO, V. Racekiela caver-

nicola (Porifera: Demospongiae) new species and the first record of cave
freshwater sponge from Brazil. Neotropical Biology and Conservation,
v.5,n. 1, p.53-58, 2010.

VOLKMER-RIBEIRO, Cecilia et al. Arinosaster patriciae (Porifera, De-
mospongiae): new genus and species and the second record of a cave
freshwater sponge from Brazil. Neotropical Biology and Conservation,
v.16,n. 1, p. 45-57,2021.

280



