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> 95% of cave biovidersity is MICROBIAL



How do we see the microbial life in caves?



The significance of microorganisms in subterranean environments

➢ Interaction between microbes and rock substrate 
→ dissolution and speleothems

Cappelletti et al. Unpublished

Tomczyk-Żak et al. (2015). Geomicrob J



➢ Interaction between microbes and rock substrate →
dissolution and speleothems

➢ Biogeochemical cycles and nutrients → trophic 
interactions

Microrganismi come fonti nutritive per 
organismi superiori e mediatori di 

The significance of microorganisms in subterranean environments



➢ Interaction between microbes and rock substrate →
dissolution and speleothems

➢ Biogeochemical cycles and nutrients → trophic 
interactions

➢ Assimilation/consumption of greenhouse gases →
methane oxidation, CO2 assimilation

https://www.geeksforgeeks.org/what-is-the-greenhouse-effect/

The significance of microorganisms in subterranean environments



➢ Interaction between microbes and rock substrate →
dissolution and speleothems

➢ Biogeochemical cycles and nutrients → trophic 
interactions

➢ Assimilation/consumption of greenhouse gases →
methane oxidation, CO2 assimilation

➢ Metabolism of contaminants → biodegradation, metal 
transformation

Cadena S et al. (2019) Front. Young Minds

Wind Cave National Park

The significance of microorganisms in subterranean environments



Microbial biodiversity is strictly
connected not only with the 

ecosystem health (and 
resilience) but also with human 

health 
(One Health framework)



Antropic impact on microbial diversity in caves

Attività estrattive

Inquinamento Utilizzo del suolo Cambiamento climatico

Turismo/visitatori Specie aliene e patogeni



What is known about microbes and gypsum caves?

• Nitrates and ammonium influence coliform bacteria (in waters)

• Possible effect of the season and bat guano on coliform bacteria

• Bat guano influences fungal population in a gypusm cave in Spain



Project “Microbiological study of gypsum caves in Emilia Romagna” 
(in collaboration with  Federazione Regionale Speleologica dell’Emilia Romagna)   

To define:
- Biodiversity and microbial functions present in the gypsum caves
- Environmental factors driving biodiversity and microbial functions
- Presence of bacteria associated with biogeochemical cycles, atmospheric gases, trophic 

networks
- Presence of bacteria interacting with the rock substrate

PROJECT AIMS



Experimental approaches

DNA extraction

DNA sequencing

Description of the 
microorganisms

Microbial isolation

Metabolic assays in the lab

Identifying microbes with 
interesting activities

Analisi basate sul DNA Analisi dei microrganismi isolati



• In gypsum area in Eastern Romagna
• Hypogenic sulfuric springs

• Inside Parco della Vena del Gesso
• Representative of typical gyspum cave

Caves analysed up to date



Sampling in the Buless cave



Sampling in the Tanaccia cave
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Microbial biodiversity in the two caves

Buless



Microorganisms in the Buless cave

• Desulfucapsa
• Geobacter
• Sulfurimonas
• Sulfurovum

• Metallibacterium
• Sulfuriferula
• Thiobacillus
• Sulfurifustis
• Thiomonas

• Acidithiobacillus
• Bacillus
• Metallibacterium
• Staphylcoccus

• Metallibacterium

Biodiversity is shaped by H2S-rich rising fluids
→ Bacteria involved in sulfur cycle and  metal oxidation, human/animal associated bacteria in a 

few samples



Microorganisms in the Tanaccia cave

• Crossiella
• Xanthomonadaceae
• Nitrosococcaceae
• Rhizobiales

• Crossiella
• Streptomyces
• Gaiella
• Methyloligellaceae

• Nitrosococcaceae
• Nitrosomonadaceae
• Methyloligellaceae

• Beijerinckiaceae
• Burkholderiales
• Methyloligellaceae
• Nitrosomonadaceae

Biodiversity shaped by oligotrophy (low nutrients)
→ Bacteria involved in methane oxidation, CO2 assimilation, N cycle, biomineralization



• Great difference in the microbial biodiversity between the two caves → environmental factors

• Bacterial functions associated with biogeochemical cycles in caves and interaction with the rock 

substrate → possible key role in ecosystem health

• A few bacteria associated with humans/animals in one cave (to be further analysed)

in progress: extend the analysis to other caves (water, sediments, biofilm) and correlation studies 

with geochemical data → global vision of biodiversity and microbial functions in gypsum caves and 

possible disturbance factors

Conclusioni e prospettive future
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