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INTRODUCTION TO CAVE MICROBIOLOGY:
A REVIEW FOR THE NON-SPECIALIST
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Department of Biological Sciences, Northern Kentucky University, Highland Heights, KY 41099
Within the past decade there has been an increasing interest in cave microbiota. Such interest has helped
many speleologists both recognize and understand the importance of microbial species in caves, which
has led to improvements in cave conservation practices to better conserve these unseen ecosystems.
While much information on the metabolic properties and functions of such subterranean ecosystems has
been published in the microbial ecology literature, is it sometimes unusable by the non-specialist due to
technical “jargon” and unexplained background information. It is the aim of this review to provide such
background information and to explain the current technologies available to study cave microbiota. In
doing so, it is hoped that this material will make the microbiology literature more accessible to interested non-specialists, and open new areas of inquiry in the study of microbial-mineral interactions.

INTRODUCTION
The study of cave microbiology deals with the microscopic life
that resides in caves. Microscopic life has historically been
grouped into the Monera, one of the five kingdoms of life, and
a pretty broad group that includes any microscopic organism
that lacks a nucleus; also historically known as the prokaryotes
(Whittaker, 1969). The protozoa, which are also microscopic
and include such organisms as the amoeba, do contain a nucleus and are classed within the eukaryotes (Whittaker, 1969).
While viruses are also of microscopic, they are not technically
alive and, although fascinating, will not be discussed within
the scope of this review. Animals, plants and fungi all constitute the forms of life that can be seen with the naked eye
(macroscopic) and are nucleus-containing eukaryotes.
A BRIEF HISTORY OF MICROBIOLOGY
During the Dark Ages (c.400-700 AD) devastating diseases, such as the Black Death, ravaged humanity. At that time,
there was only a vague inkling in medicine that these maladies
were transmitted by an infectious agent. Rather, physicians
believed in mystical spirits and lethal miasmas, which were
responsible for such pestilence. Patients would attempt to ward
off these evil spirits with charms and even flowers; the “pocket-full of posies” of the nursery rhyme. These attempts were
somewhat beneficial, although not for immediately obvious
reasons – breathing through containers of dried flowers effectively filtered out the bacteria that were responsible for the
spread of pneumonic plague, perpetuating the myth of evil
vapors.
The first awareness of a microscopic world occurred
around 300 years ago, when Dutch linen merchant Antoni van
Leeuwenhoek devised a rudimentary, hand-made microscope
to look at linen fibers. Leeuwenhoek also used his microscope
to look at other materials; in pond water he saw tardigrades
(for slow-walker), small insect-like organisms he termed animalcules. Eventually, by refining his microscope lens,
Leeuwenhoek went on to describe the first bacteria, which he
saw in his own dental plaque. These bacteria were so small that

it would take two thousand of them stacked end-to-end to traverse the head of a pin, which Leeuwenhoek accurately
described in great detail.
Leeuwenhoek’s animalcules were considered nothing more
than a curiosity for almost 200 years, until the golden age of
microbiology and the work of such luminaries as Pasteur and
Koch. Louis Pasteur wanted to understand the then-accepted
notion of spontaneous generation – that a vital force allowed
life to arise spontaneously in food or wine. In attempting to
define the existence of this vital force, in 1861 Pasteur successfully demonstrated that this “vital force” was comprised of
microorganisms in the air. Pasteur subsequently went on to
design ways of killing these organisms in food to prevent
spoilage and developed the technique of pasteurization. Robert
Koch took the principles of Pasteur and other investigators further, to show that the same microorganisms that could spoil
food could also cause disease in humans. In 1876 Koch developed the techniques to identify the causative agent of anthrax.
These techniques became an accepted scientific principle,
termed Koch’s postulates, that can be applied to any pathogenic microbe today, including as recently as in the case of severe
acute respiratory syndrome (SARS) virus. Following the work
of Pasteur, Koch and other eminent microbiologists,
Leeuwenhoek’s animalcules went from being simply a curiosity to the basis of the accepted science of microbiology.
With its founding in the medical sciences, the study of
microorganisms has historically concentrated on the impact of
microorganisms on humans, whether through disease or food
spoilage. Nonetheless, in 1887 Sergei Winogradsky made a
groundbreaking discovery; he identified microorganisms that
did not obtain food through photosynthesis, but could use mineral energy to literally pull food out of thin air, a process
termed chemolithotrophy (chemical energy – chemo, food
from the environment – litho, to eat – trophy) (Winogradsky,
1887). Despite the identification of microorganisms that defied
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all the previously understood conventions of life (that it relies
on plant-derived material), Winogradsky’s discoveries were
again considered a curiosity, and most microbiologists continued to concentrate on just a handful of microbes responsible
for human disease. Of course, once again it was proved that an
important microbial activity was overlooked: microbiologists
have since determined that Winogradsky’s chemical-eating
organisms are among the most significant life forms on the
planet (Madigan et al., 2000).
Due to an ability to consume inorganic material for energy,
it is not surprising that microorganisms interact directly with
the geology of our planet. Their activities have helped shape
the global environment in which we live, provided the oxygen
that we breathe and even the oil that drives our economy
(Gold, 1999; Madigan et al., 2000). These microbes also turn
over the essential nutrients, such as carbon (C), nitrogen (N),
sulfur (S) and phosphorus (P), of our ecosystem. Indeed, without the activities of these microorganisms, all macroscopic life
on the planet would cease, while these microbes would survive
quite happily without us (Madigan et al., 2000). Obviously, as
the science of microbiology continues to evolve, our level of
understanding continues to change. This has led to the rapid
inception of extremophile research, which began in 1967 when
Thomas Brock identified bacteria growing in the boiling hot
springs of Yellowstone National Park (Brock, 1967). These hot
conditions demonstrated the extreme conditions under which
microorganisms can survive and the chemistries that can support their growth (Madigan et al., 2000).
Extremophile research extended the physical and chemical
limits of the environment in which microorganisms can survive, from the sterilizing temperatures (121° C) of volcanic
vents miles below the surface of the Pacific Ocean, the batteryacid-like conditions of acid mine drainages, to surviving for
millions of years within crystals of salt (Bond et al., 2000;
Jannasch et al., 1992; Mormile et al., 2003; Shivaji et al.,
2004; Thomas and Dieckmann, 2002). Today, almost every
environment imaginable has been examined for the presence
of microorganisms, including, of course, caves (Angert et al.,
1998; Barton and Luiszer, 2005; Barton et al., 2004;
Canaveras et al., 2006; Canaveras et al., 2001; Caumartin,
1963; Chelius and Moore, 2004; Cunningham et al., 1995;
Engel et al., 2004; Groth and Saiz-Jimenez, 1999; Groth et al.,
1999; Holmes et al., 2001; Hose et al., 2000; Northup and
Lavoie, 2001; Sarbu et al., 1996)
STUDYING MICROORGANISMS IN EXTREME ENVIRONMENTS
In attempting to understand the difficulties in carrying out
microbiology in cave environments, we must go back to the
traditional methods developed by Koch and others in the 1880s
(Koch, 1881). Traditional microbiology techniques rely on
growing a microorganism in a Petri plate, and then identifying
this organism based on the sum of its reactions to obtain food,
respire and break down products (the sum of which is referred
to as metabolism). This is why swabs are often taken when a

44 • Journal of Cave and Karst Studies, August 2006

bacterial pathogen is thought to be responsible for an infection,
which are used to grow the suspected organism and carry out
metabolic tests for its identification. Unfortunately, there is a
small problem when attempting to grow environmental
microbes: the majority of microorganisms cannot be cultivated
(or as microbiologists say ‘cultured’) in a Petri plate. This is a
phenomenon that microbiologists have known about since the
time of Winogradsky and is based on a simple observation: if
you took a gram of soil, you would be able to see about 5,000
different bacterial species under the microscope, but you
would be lucky if you could induce 50 different species, or 1%
of those observed, to grow (Amann et al., 1995; Amann et al.,
1996). This is even worse compared on a global scale: of the
millions of species of bacteria thought to exist on Earth, we
have only been able to cultivate approximately 16,000
(American Type Culture Collection, 2006).
The reason that so many microbes from the environment
are non-culturable is still not completely understood
(Bloomfield et al., 1998; Bogosian et al., 2000; Oliver, 1995;
Whitesides and Oliver, 1997). One reason thought to be important comes from the founding of microbiology in medicine;
historically all our cultivation strategies to grow microorganisms are based on the growth characteristics of a small number
of microbes able to infect humans. As a result, the majority of
microbial growth media (the contents of a Petri plate) are
designed, to some extent, to be chemically similar to human
tissues. Indeed, such media is often made from boiling down
meat products with agar to make a nutrient gel. While these
growth media work extremely well for human pathogens, for
environmental microorganisms that grow using unusual chemical reactions, the ‘food’ in these Petri dishes is inappropriate.
To grow these environmental microorganisms requires a certain amount of guesswork based on the environment from
which they were isolated. It is like trying to decide which cave
food to pack for someone else; everyone has their own preference and won’t eat what they don’t like (Amann et al., 1995).
Such non-culturability is likely more pronounced in cave
microorganisms. Without photosynthesis, caves are cut off
from most energy that supports life on the surface, confining
most nutrients to the entrance zone. As a result, cave microorganisms must turn to alternative sources of energy, such as
those found in the atmosphere, or present in the very rock itself
(Barton et al., 2004; Chelius and Moore, 2004; Engel et al.,
2003; Northup et al., 2003; Spilde et al., 2005). In adapting to
these extremely starved environments, microorganisms produce elaborate scavenging mechanisms to pull scarce nutrients
into the cell (Koch, 1997). When these organisms are then
exposed to the rich nutrients of a Petri plate, they cannot turn
down these scavenging mechanisms and quickly gorge themselves to death (Koch, 1997, 2001). As a result, microorganisms from starved cave environments may have a hard time
adapting to rapidly changing nutrient status, and simply die
from osmotic stresses (Koch, 1997). Therefore, only a tiny
minority of microorganisms from caves might grow on standard Petri plates by surviving the changing nutrient conditions,
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Figure 1. Scanning electron microscopy images of common themes in bacterial structure. The two most common structures are the A) bacilli (in chains, as streptococci) and B) cocci (in pairs, as diplococci).
including such species as Pseudomonas and Bacillus species
(Pemberton et al., 2005). Unfortunately these species are
unable to tell us much about the unique microbial processes
taking place in cave environments. In order to overcome these
problems, cave microbiologists have therefore spent a great
deal of time trying to developed improved techniques to grow
cave microorganisms (Gonzalez et al., 2006; Groth et al.,
1999; Laiz et al., 1999). Many of these techniques are quite
specialized, and it is unlikely that many microbiologists (such
as those within diagnostic or hospital microbiology labs) have
access to the materials necessary to cultivate rare cave species.
TO GROW OR NOT TO GROW
The non-culturability of microbial species, rather than simply being a curiosity, poses a significant road-block if you
want to study microbes in natural cave environments.
Fortunately, classical microbiology lost some of its dependence on cultivation in 1977, when Woese was attempting to
understand the genetic differences between microbial species
(Woese and Fox, 1977). Historically, bacteria had been identified by their growth characteristics and classified based on
their shape and structure. This process of grouping life based
on structure is called taxonomy, and is extremely useful in
determining evolutionary relationships between plants, animals and insects, etc. (Whittaker, 1969). In bacteria, using
structure to group species turns out to be pretty futile. Bacterial
structures generally represent variations on a theme: either
spheres (technically called cocci) or sausages (bacilli) (Figure
1). As a result, structural taxonomy tended to cluster the bac-

teria into simplified, but artificial groups. We therefore tended
to believe that eukaryotic organisms were the most complex
form of life on Earth, with their broad structural diversity; taxonomy identifies over 1,000,000 species of insects alone (May,
1988). Faced with this limitation, Woese decided on a different
approach to resolve bacterial taxonomy. Rather than examining structure, he looked inside the cells at the DNA.
All of us inherit our genetic information from our parents,
which creates a genetic blueprint of our family tree (blue-eyed
children to blue-eyed parents, etc). By looking at the surnames
in a traditional family tree, it is also quite easy to see who is
related to whom, based on how the surnames change; the same
surname indicates direct descendency, while a change in surname may indicate a marriage into the family. Similarly,
Woese extracted the genetic surnames of a number of microorganisms to determine a family tree for microbial life (Woese
and Fox, 1977). By examining this data, he discovered that
bacteria are much more diverse than we previously suspected.
This diversity, rather than being expressed through structure,
was elaborated through phenomenal capabilities of physiology
and metabolism (Woese, 1987). Woese also identified an
entirely new kind of life using this technique, which was previously unknown to science. This new form of life looked just
like the bacteria, but the internal genetic controls looked more
like those found in eukaryotic organisms (such as plants and
animals). These organisms were also primarily found in the
harshest conditions; conditions similar to those that may have
been found on early Earth. Woese therefore named this newly
discovered form of life after its potentially ancient origins,
calling them the Archaea (Woese and Fox, 1977). What
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Figure 2. A universal tree-of-life based on the genetic comparisons of Woese and Fox (1977), with further refinement by
Pace (1997). The base of the tree emerges from the ‘root’ or last common ancestor of life and splits into the three major
domains of life; the Bacteria, Archaea and Eukarya. The branches represent the (simplified) major divisions (Kingdoms)
of life within each domain.
emerged from this work was that, above and beyond the fivekingdom tree-of-life, there exist domains; the primary groups
of life on Earth. These domains represent 1) the Bacteria
(prokaryotes; lacking a nucleus), 2) the Archaea (also prokaryotic, but with structures that differentiate them from bacteria
and a DNA structure more similar to a eukaryote), and 3) the
Eukarya (eukaryotes; containing a nucleus) (Figure 2).
BEYOND THE GENETIC TREE
The work of Woese was groundbreaking and shifted our
understanding of what is “life” on Earth. With further refinement by other investigators, it also showed a five-kingdom tree
was an oversimplification, with a current estimate of almost
100 distinct kingdoms (divisions) of life on Earth (Hugenholtz
et al., 1998; Pace, 1997). The new tree also revealed that the
most ancient, most complex and most abundant life on Earth
was actually microscopic (Pace, 1997). This work excited a
number of scientists, including Pace (a microbiologist and
Indiana caver) who decided to look for Woese’s genetic surnames in the environment without cultivation (Lane et al.,
1985; Stahl et al., 1985). The technique uses the polymerase
chain reaction, or PCR for short, and allows investigators to
make millions of copies from a single piece of DNA. A similar technique is commonly used today to look for pieces of
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genetic information in crime scene investigations, or to detect
the presence of the HIV virus in a patient’s blood. When Pace
used the PCR reaction to look for bacterial genetic surnames
within the environment, it altered our understanding of microbial ecology (Pace, 1997). Rather than generating a tree of lineage from a handful of organisms that could be grown in the
laboratory, this new technique allowed entire microbial
ecosystems to be examined at once without the limitations of
cultivation. Soon, other investigators began using the same
techniques to study environments, and the number of genetic
surnames that were known to science rapidly went from 177 to
the >120,000 that are available today (Maidak et al., 2001).
Such techniques have also improved our ability to estimate the
true diversity of microorganisms (putting entomologists to
shame) with an estimated worldwide population of
200,000,000 different species of bacteria alone (Curtis et al.,
2002; Dojka et al., 2000; Torsvik et al., 2002).
IDENTIFICATION WITHOUT CULTIVATION
Using genetic surnames to identify microorganisms (technically called molecular phylogenetics: molecular – using
DNA molecules; phylogenetics – a reconstruction of the evolutionary history), it gave us tools to identify microorganisms
within an environment without cultivation. Molecular phylo-
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Figure 3. The function of 16S ribosomal RNA (rRNA) within assembly of the ribosome. The 16S rRNA is transcribed from
genomic DNA, folding into a three-dimensional structure (A). This ‘scaffold’ allows the 21 ribosomal proteins to bind (B)
and assemble into the 30S small subunit of the ribosome (C). In this functional structure, the 30S subunit assembles with
the larger 50S subunit around protein encoding messenger RNA, allowing protein synthesis (D).
genetics have therefore allowed us to effectively examine
microorganisms in extreme environments; conditions that
would be almost impossible to replicate in the laboratory for
growth using the approach of Koch. These genetic “surnames”
are genes with a fairly long name: the 16S ribosomal RNA
gene sequence, or 16S rRNA for short. This gene is critically
important in the cell as it encodes a structural component of the
ribosome, the cellular factory used to build proteins (Figure 3).
The ribosome is a complicated structure, made from two functional domains, a large 50S and small 30S subunit. Each subunit is built from protein building blocks and due to its complexity, a piece of RNA acts as a scaffold upon which the ribosome can assemble, much like a scaffold can help the building
of a house. The 30S subunit is assembled around the 16S
rRNA. If the shape of the 16S rRNA was to change dramatically the ribosome would not be built correctly and the cell
could no longer make proteins, leading to an almost instantaneous death. This need for an unaltered structure constrains the
shape of the ribosomal RNA such that only tiny modifications
can be made over time, without damage to protein synthesis –
in biology this is known as an evolutionary constraint.
Therefore, over the history of the microbes there have only
been subtle changes in the structure of the rRNA molecules,

much like “Chinese Whispers” (where tiny mistakes in a sentence subtly change its context as it is whispered from person
to person). These changes in the 16S rRNA allowed Woese to
identify the primary lineages of life and trace descendency to
predict the most ancient forms of life on Earth (Woese, 1987;
Woese and Fox, 1977).
While molecular phylogenetics may appear to be an interesting exercise in evolutionary biology, these techniques allow
us to determine how microbes are related by how similar their
16S rRNA sequences are. To explain how this works, we need
to return to the analogy of the genetic surname and the family
tree. In determining ancestry, if a surname is the same then
there is a high likelihood that two people are closely related;
however, what about if the surnames are similar, but not the
same? In the case of microbes, such as Escherichia coli, we
know based on structure and biochemistry that it is closely
related to Salmonella entrica. Due to their being close relatives, we can assume that Salmonella has many of the same
metabolic activities and lives in the same environment as E.
coli. This is indeed correct, in that they both reside in mammalian gastrointestinal tracts. In the same way, we can compare the 16S rRNA sequences from E. coli and Salmonella and
see that they are 99% identical. Therefore, if we had no other
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information other than the 16S rRNA sequence, we can
hazard a guess that Salmonella had a similar metabolic
activity to E. coli. This is essentially the basis of the
molecular phylogenetic approach, allowing analysis of
microbial communities without cultivation. While the
technique seems pretty straightforward, in practice it’s
actually quite a challenge due to the complexity of
aligning thousands of DNA sequences to find the closest match (Maidak et al., 2001; Maidak et al., 2000; Nei
et al., 1998). Nonetheless, how closely species are related can be shown graphically as a dendrogram, which is
a mathematical model of a family tree based on a 16S
rRNA gene sequences (Figure 4). In scientific journals,
molecular phylogenetic analyses of environments are
often explained with dendrograms – with a scale at the
bottom to indicate the relative distance between organisms. These dendrograms allow us to see how closely
organisms are related to the cultivated representatives
with known metabolic activity; the smaller the distance
the more closely an organism is related. These dendograms also allow a visual representation of the structure
of the community; much like a yellow pages allows us
to determine what businesses drive the economy of a
city, dendograms allow us to determine what activities
drive the processes that support a microbial community
within an environment. The tree in Figure 4 is from
Carlsbad Caverns and suggests that there are a number
of metabolic activities that are occurring to support
growth in this extremely starved cave environment,
such as fixing nitrogen gas from the atmosphere and
obtaining energy from the rock itself (Barton et al.,
2005a). Molecular phylogenetic analyses can also give
us information of what nutrients are available in an
environment, providing clues as what to add to our Petri
plates to improve the chances of growing those rare
cave microbes.
BROADER IMPLICATIONS

Figure 4. Dendogram of the 16S rRNA gene sequences
identified within Carlsbad Cavern (NMT-sF). The bar indicates 10% divergence between the 16S rRNA sequences.
Where the dendogram branches, those with branches supported by >70% of all alignments (bootstrap values >70%
in neighbor-joining and a heuristic search) are indicated by
closed circles. Marginal branch support (bootstrap values
>50% but >70% in both analyses) are shown by an open
circle.
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As the original observations by Leeuwenhoek
changed our understanding of the world around us, the
recognition of microorganisms in geologic cave samples has altered our perception of cave ecosystems
(Barton and Northup, 2006). The science of cave geomicrobiology has similarly mirrored the meteoric rise of microbiology
as a science, with new insights suggesting that cave microorganisms may be involved in processes as varied as speleothem
deposition to cavern enlargement (Canaveras et al., 2006;
Engel et al., 2004). While the important role of cave microorganisms may be of interest to speleologists, the implications of
this research go well beyond caves. For example, the work of
Saiz-Jimenez and colleagues has led to the identification of
microorganisms degrading the ancient, prehistoric paintings
within Altamira Cave, Spain (Schabereiter-Gurtner et al.,
2002). Not only did this work contribute to understanding the
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Figure 5. Microbiological activity in caves. A) Dots – microbial colonies on the surface of a rock being sampled using a
hypodermic needle; B) Color – Microbial activity leading to the discoloration of a rock surface; C) Precipitation – Banded
mineralization on a rock surface by microbial activity (the precipitate has peeled away revealing the deposit’s banded formation); D) Corrosion residues – brightly-colored corrosion residue formed on a cave ceiling; E) Structural changes – using
a microelectrode assembly to examine chemical gradients formed within a soft cave ceiling; F) Biofilms – a white biofilm
coating in the streambed of a cave.
role of microorganisms in the degradation and subsequent conservation of these paintings, but it identified microbial species
that could colonize carbonate surfaces, depositing calcite.
Such work had significant implications in the preservation of
ancient marble monuments and statues, where microorganisms
could be used to deposit a veneer of calcite to protect ancient
structures from continued erosion (Laiz et al., 2003).
Similarly, within Carlsbad Caverns we have identified a novel
species of microorganism that can degrade complex aromatic
compounds, such as benzothiazole and benezenesulfonic acid
for growth, which are compounds involved in the manufacture
of plastics and are dangerous environmental contaminants
(Bennett and Barton, 2006). Such a capability could allow
these species to be inoculated into contaminated environments,
to rapidly degrade such pollutants and allow restoration of natural habitats in a process called bioremediation. Cave microorganisms, with their adaptation to extreme starvation, also have
the potential to harbor other important biomolecules. Similar
environments have yielded microbes with properties that allow

efficient ethanol production for fuel, enzymes for environmentally friendly paper processing and even the improved
stonewashing of jeans. Cave microorganisms also have the
potential to harbor unique antibiotics and cancer treatments
(Onaga, 2001). Finally, one of the philosophical questions of
humanity regards our place in the Universe: Are we alone? Is
life on Earth unique? Cave microbiology can not only answer
questions about the limits of life, but also help us to identify
the geochemical signatures of life. Such signatures are capable
of surviving geologic uplift, which allows them to be detected
on the surface of planets, such as Mars (Boston et al., 2001).
While such ideas may seem an extraordinary application of
cave geomicrobiology, NASA has recently undergone a dramatic refocus by gearing its activities to returning humans to
the moon and exploration of Mars and world’s beyond to find
evidence of past life, activities in which cave geomicrobiology
may play an important role (White House Press Release,
2004).
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CAVE MICROBIOLOGY
While this extensive preamble has explained how difficult
cave microbiology can be and the technical solutions possible,
it does not preclude the average caver from being involved in
cave microbiology; however, it does hopefully explain why
running out and collecting “goo” in plastic bags is not going to
advance the field. In addition to the traditional leave-no-trace
conservation ethics of cave exploration, there are two significant roles that cavers can play in cave microbiology; 1) is the
identification of new cave biota and ecosystems through continued exploration and survey, and 2) taking steps to limit
human contamination and conserving the microbial habitats of
caves.
CAVE SURVEYOR AS MICROBIOLOGIST
It may be a stretch to suggest that by exploring and surveying a cave you are contributing to the field of cave geomicrobiology, but it remains almost impossible to predict the
location of microbial activity without its active discovery.
Microbial activity in caves range from the obvious slimy goop
to the more subtle deposition of calcite or alteration of the rock
surface. There are a number of features that can be identified
within caves as evidence of microbial activity (Figure 5):
Dots on surfaces: The appearance of dots on surfaces may
not necessarily be due to abiotic mineral deposition. Often,
where conditions are appropriate, microorganisms can grow up
as a colony large enough to be seen with the naked eye. These
colonies are similar in shape to those that might be seen on a
Petri plate and each represents the growth of millions of bacteria. Sometimes these colonies may be more apparent through
the concurrent deposition of minerals (such as calcite), creating a contrast against the host bedrock. Such microbial
colonies are particularly obvious in areas of seeping water.
Unusual coloration: When microorganisms grow on surfaces, they can alter the surface chemistry, leading to a subtle
change in coloration of the rock. Classic examples of this are
the black/red residues seen within the Lunch Room of
Carlsbad Caverns. The exact mechanism of this coloration
may vary from site to site with local chemistry and microbial
activity.
Precipitates: Microorganisms use chemical gradients to
generate energy, much as we use the chemical gradient
between food and oxygen to generate energy for life. In using
these gradients microorganisms may often change the surrounding conditions of their environment, leading to a change
in the chemical properties of minerals. In the case of minerals
such as iron and manganese oxides, this will lead to a change
in the solubility of these minerals and lead to their precipitation. Such microbially-mediated precipitation often forms
banded layers of minerals on surfaces.
Corrosion residues: A significant amount of work has been
carried out in caves of the Guadalupe Mountains on the corrosion residues that form as a result of microbial interactions
with the minerals of limestone and dolomite (Barton et al.,
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2005a; Cunningham et al., 1995; Northup et al., 2003). While
researchers are still trying to elucidate the exact mechanism of
their formation, it appears that microbial metabolic activity is
involved in dissolving the host rock, while energy-generating
chemical gradients cause continued mineral transformation
and precipitation. Whatever the mechanism, these soft and
powdery corrosion residues are an exciting component of
geomicrobial activity in cave environments and may provide
useful insights to the mechanisms of energy generation in such
extremely starved environments.
Structural changes: When microorganisms interact with
the rock on which they live they can cause different chemical
changes in the rock. These changes may be distinct from the
bright color changes seen with corrosion residues, resulting in
subtle structural changes, such as decreased density or softening of the host rock. In Grayson-Gunnar Cave in Kentucky,
areas of the ceiling have been reduced to a wet, toothpaste-like
consistency that allows unique microbial energy acquisition
strategies.
Biofilms: One of the most obvious signs of microbiological
activity in a cave environment is the presence of biofilms.
These coatings are comprised of microbial communities, held
together with gel-like polymers that produce a range of structures including: wads of snot-like goo, floating dumplings,
slippery sub-aqueous coatings and hair-like tendrils. These
structures tend to form a sticky polymer that clumps bacterial
species together, with the environmental conditions and
mechanical action of water dictating the structure the community will form. These biofilms often form where energy enters
the cave environment and have proven important insights into
the sources of energy supporting cave life (Angert et al.,
1998).
A rule of thumb as a caver is that if you see anything
unusual that cannot be easily explained by geologic phenomena, it may be microbiological. There are a number of active
caver/microbiology researchers in the United States who can
help you determine its relative significance (Barton et al.,
2005b; Boston et al., 2001; Chelius and Moore, 2004; Engel et
al., 2004; Northup et al., 2003; Spear et al., 2005). In addition
to the identification of unique cave ecosystems, one of the
most important tools of our research is a cave line-plot/survey
and map. Such maps allow researchers to determine how far
below the surface the microbial activity is found, its relative
position to geologic faults and other factors that might bring
energy in to the system for microbial growth.
MICROBIAL CONSERVATION
While it can be difficult to remember to protect things that
you cannot see, to minimize your impact on microbes, minimum impact caving techniques are appropriate. These include
keeping to the established trail, removing all waste, avoid
touching anything unnecessarily and generally minimizing
your impact on the environment. While we often caution
novices against touching formations, it is important to think
similarly about placing limits on unnecessarily touching walls
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(particularly where moisture is obvious), undisturbed sediments and corrosion residues. Some cave systems can withstand more human impact than others, and the same is true for
microbial systems. If a cave floods, it is likely that the
microbes are adapted to sudden influxes of material and energy, so a level of anxiety is not called for and less care need be
taken. Other systems with perennially dry passages are more
easily impacted. In some extreme instances, such as
Lechuguilla Cave, flagged trails limit all travelers to the same
area, to avoid walls and other surfaces unnecessarily.
In addition to conservation activities within the cave, also
think about activities that you are carrying out in preparing for
the cave. The biggest impact people can have on microbial
ecosystems in caves is not washing caving gear and seeding
one cave with another cave’s microbes. I’ve heard of some
cavers who will go down and smell their coveralls between
caving trips, to get their cave fix from that earthy-smell of the
dirt in their coveralls. That smell is a mixture of organic products being produced when microbial species, known as
Actinomycetes, decompose organic material (Jachymova et al.,
2002; Scholler et al., 2002). While you may get your kicks
from smelling microbial excrement, it also means that if
unwashed, those Actinomycetes will be traveling in to the next
cave system with you.
In limiting your impact on such environments think about
the potentially delicate nature of microbial ecosystems and,
while I wouldn’t recommend bathing in disinfectant (showers
are counter productive as it dries skin out, increasing skin cell
shedding) or wearing environmental suits, common sense
should prevail. Think about your personal hygiene when entering a delicate cave system: Have you brushed your hair recently? Is long hair tied back so it won’t be shedding in the cave?
Think about the food you take with you into a cave. Avoid anything that generates crumbs and try to eat over a plastic bag,
even when there is little chance of spilling, because one crumb
is enough to feed a million microbes for many months. In addition to following leave-no-trace ethics to maintain the aesthetic beauty and visible ecosystems of the cave environment, similar care can go a long way to conserving microbial ecosystem
health.
CONCLUSION
The science of geomicrobiology is still in its infancy, and
as with other fields within microbiology, it is continuing to
evolve. As it does, significant discoveries are updating our
understanding of microbe-rock interactions and how microorganisms have helped shape our global environment (Balkwill
et al., 1997; Banfield and Nealson, 1997; Barghoorn and
Schopf, 1966; Ben-Ari, 2002; Colwell et al., 1997; Schopf,
1983). Similarly, cave microbiology is continually changing;
from the preliminary description of cave microbiota at the turn
of the last century to the sophisticated techniques employed
today (Caumartin, 1963; Sarbu et al., 1996). As cavers continue to explore caves in search of the unknown, they can help

geomicrobiologists identify unique microbial ecosystems and
help us to preserve this important resource.
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