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view presented in coffee table books
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natural state of cave room
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Photo D. Jonesbad air
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no air (underwater passages)
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Manantial del Toro, 
Dominican Republic

Photo credit DRSSno air (underwater passages)
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Photo J. Macalady

redundant life support systems
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Manantial del Toro, 
Dominican Republic
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caves (porosity accessible to 
humans) represent a tiny 
fraction of porosity created by 
similar processes

Photo credits S. Mariani
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Frasassi Cave System,
Italy
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Manantial del Toro, 
Dominican Republic
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Manantial del Toro, 
Dominican Republic
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Little Salt Spring, FL
70m water depth

25 cm
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Photo Brian KakukMagical Blue Hole,
The Bahamas
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13C and 15N ratios of organic matter
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Diversity of 16S rRNA genotypes

OTU (Operational Taxonomic Unit) = 98% sequence similarity 

1:1 line
(all clones

are unique)
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Frasassi Cave System, Italy

600 m
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(MPI Bremen)
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Macalady et al. 2006 AEM 72: 5596
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Dattagupta et al. 2009 ISMEJ

A Recently Evolved Symbiosis Between Chemoautotrophic 
Bacteria and a Cave-dwelling Amphipod
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Microbial Niche 
Differentiation
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Sulfurovumales

Beggiatoa spp.

Arcobacter spp.
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1 cm

10 µm

Full cycle rRNA approach

16S rRNA
cloning

Fluorescent in situ
hybridization

(FISH)
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Niche:
The limits, for all important environmental features, within which 

individuals of a species can survive, grow and reproduce. 
 (Begon, Harper & Townsend, Ecology, 2nd ed.)

Niche differentiation 
(niche segregation, niche separation, niche partitioning) 

The tendency for coexisting species to differ in their niche requirements.
     (Begon, Harper & Townsend, Ecology, 2nd ed.)

 i.e., co-existence is maintained because of specialization, competition is 
minimized.

Niche Differentiation
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"Niche differentiation... is rarely explored in field studies of 
microorganisms but is one of the processes commonly 
invoked to explain the enormous complexity of natural 
microbial communities."
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40°C water

13°C water
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Macalady et al. 2008 ISMEJ

Niche model for aphotic sulfur oxidizers
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Macalady et al. 2008 ISMEJ

Niche model for aphotic sulfur oxidizers

Sulfur-oxidizing clades 
show fidelity to narrow 
geochemical niches.
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Epsilonproteobacteria biomass correlates with
sulfide/oxygen concentration ratio

Epsilonproteobacteria

Beggiatoa

Thiothrix

Macalady et al. 2008 ISMEJ
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Resource Ratio Theory
Tilman (1980, 1982, 1986)

Prediction:
Species dominance varies with the ratio of the
supply rates of resources.

Wednesday, October 19, 2011



Resource Ratio Theory

Sulfurovumales
dominate

Thiothrix
dominate
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Caver-operated microsensing system (COMS)
Designed by the MPI-Bremen Microsensor Group
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Caver-operated microsensing system (COMS)

Polerecky et al. 2011 in prep.
Wednesday, October 19, 2011



Polerecky et al. 2011 in prep.

Caver-operated microsensing system (COMS)

Wednesday, October 19, 2011



Microbial Niche Differentiation

1) Globally distributed sulfur-oxidizing clades show fidelity to 
narrow geochemical niches.

2) Niche separation between these clades occurred in the 
distant evolutionary past.

3) Preliminary microelectrode data are consistent with 
predictions from resource ratio theory .
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Summary
• caves are windows that allow us to study 

subsurface biogeochemical processes that 
occur on a wider scale 

• redox interfaces in the terrestrial subsurface 
are common and associated with isolated 
lithoautotrophic microbial communities

• because of relatively low chemical and 
biological complexity, these communities are 
good model systems
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