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Abstract 

Microbial colonization is one of the main problems in the conservation tasks of 
prehistoric art. Therefore, a key factor in the conservation studies in Altamira Cave 
was the identification and quantification of microbial populations in the cave, as well 
as the assessment of their interaction with substrata (rock paintings, speleothems, etc) 
and infiltration waters. Geomicrobiological studies revealed that the growth of 
microbial communities is favored under hypogean environment (high RH and air CO2 
content). Likewise, the partial or total destruction of substratum surface (hostrock, 
speleothems, pigments) as well as the development of chemical precipitates by 
microbial activity was also revealed. Microbial growth is favored by organic matter 
dissolved in infiltration waters and by visitors influence. An example of microbial 
action in Altamira Cave is the formation of carbonate (calcite, aragonite, 
hydromagnesite) coatings and moonmilk deposits. Geochemical calculation, based on 
microctimate and hydrochemical data, allowed us to establish a bio-mediated origin 
for these precipitates. 
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Abstract  
The national nature monument Ochtinska Aragonite Cave represents an unique 

natural phenomenon. Richness and diversity of aragonite filling and original genesis 
of underground spaces are characteristic for this cave. Cave aragonite was formed 
under specific hydrochemical and microclimatic conditions. These microclimatic 
conditions are, at the present period of cave development, one of the decisive factors 
that influence stability and preserving the aragonite filling. Microclimatic research 
has been set up in the past years in order to obtain its detail knowledge in connection 
with tourist utilisation of the cave and consequent effective protection. The research is 
done by using modern automatic measuring and registration devices, enabling a 
continuous recording of even minimal changes in monitored parameters of air. 
Detailed monitoring of speleoclimate was done in several phases. It was aimed to 
study long-termed trends and changes of microclimatic parameters and short-termed 
influence of the visitors on these parameters with the necessary time for regeneration. 
In parallel, a mineralogical research was realized. According to some of the results, it 
was proved that iron ochres contribute to the stabilization of the speleoclimate. The 
monitoring of the CO2 levels was carried out as well. The measurements of natural 
radiation were also realized. This approach serves for setting the limits for the number 
of visitors and effective cave protection.  
Key words: aragonite, cave, microclimate, monitoring 
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Abstract  
 

A multidisciplinar field study dealing with the hydrogeology, the flora and the 
fauna of this biotope allowed us to put in evidence the role of the karstic input on this 
biovariety, and on its spatial distribution. A hydrogeological balance coupled with a 
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hydrochemical study during a complete hydrological cycle 2000-2001 allowed us to 
higlight the duality of the input between the streaming and the karstic released. 
Moreover we observed the impact of karstic water type on the chemical quality of the 
water, as well as the temporal difference between the initial completion of the pond 
resulting almost exclusively by surface water. In a second time the impletion of the 
pond essentially result from karstic alimentation. So this particular functioning allows 
an exceptional faunistic and floristi development. In this pond we also found some 
rare or endemic species. The data show the very strong mutual interaction between 
the quality of waters and the present flora. Indeed the hydrogeological and 
hydrochemical functioning of this pond allows the successive development of more 
than 8 different species of Characea which 4 are rare. This spectacular development 
of Characeae with a biomass superior to 400 g.m2 of dry weight and the capacity of 
this green to fix calcium gives a very particular functioning. During this period, we 
observe a decline of dissolved calcium concentration, without calcium carbonate 
precipitation. This study put in evidence the hydrochemical impact of floristic species 
in temporary pond. It also highlight the numerous interactions between the 
hydrogeology, the hydrochemistry and the whole biocoenose and the interest of 
pluridisciplinar-field studies.  
Key words: biodiversity, hydrobiology, hydrogeology, karst, temporary pond 
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Abstract  

Cave geosystems are appreciated as specific geoecological systems in the 
lithosphere. Their spatial differentiation is caused by properties of physical 
geographical sphere components. The determination of partial quasi homo-genous 
topic units (speleolithotopes, speleomorphotopes, speleohydrotopes, speleoclimatopes 
and speleobiotopes) and complex quasi homogenous units (speleotopes) respects the 
vertical structure of cave geosystems. Relatively homogenous choric units 
(speleochores, set of speleochores) correspond with the horizontal structure of cave 
geosystems. Time-spatial changes of cave geosystems are characterised by particular 
developmental states (regime, dynamics or evolution). The total carrying capacity of 
the cave, as a speleochore or set of speleochores, depends on the occurrence of 
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particular speleotopes and their stability. Knowledge of the spatial structure and 
time-spatial changes of cave geosystems generates a precondition for the solution of 
various, analytical and synthetical tasks including environmental problems of karst 
landscape.  
Key words: cave geosystems, geoecology, theoretical Speleology 
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Recent developments in technology and techniques have furthered the 

understanding of the role of microorganisms in forming minerals in caves. Biogenic 
minerals have been reported in iron, manganese, sulfur and calcium carbonate 
systems.  In this paper a framework necessary to elucidate the paleoclimatic data 
from biomineralisation within cave sediments will be discussed. Examples will be 
drawn from studies on two systems, one iron based in Odyssey Cave Bungonia, New 
South Wales, Australia and the other calcium carbonate in the Nullarbor Caves, South 
and Western Australia.  

A four stage model was developed for this investigation: 
Stage 1 
Assessment of 
biomineralisation 

Stage 2 
Determine what if any 
biological influence is 
evident 

Stage 3  
Model 
development

Stage 4 
Investigate the sediments 
for paleoenvironmental 
information 

Following this model allows systematic study of the cave system for 
biomineralisation and methodical examination of the sediments for paleoclimatic 
information they may contain. 

 
Stage 1 - Assessment of biomineralisation 

In the first stage of investigation the system is characterised in terms of:  
Water chemistry 
Microorganisms 
Mineral characterisation 
Surface climate conditions with regard to the mineralisation process 
Characterisation of the water chemistry is essential to establish the conditions 

under which mineralisation in occurring. In stage 2 this information is modelled to 
determine the extent of biological influence. 
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The community of microorganisms associated with the mineralisation process 
must be characterised as this can provide information on how, if at all, they are 
influencing the mineralisation. For example in Odyssey Cave, Leptothrix spp. and 
Gallionella sp., known iron-mineralising bacteria were identified, making assessment 
of the role of microorganisms in the mineralisation process easy. In the Nullarbor 
caves no known calcium carbonate mineralising bacteria were identified and so 
investigation into how these bacteria may influence the mineralisation process 
through the lowering of nucleation energy and the shifting of chemical equilibrium 
had to be investigated. 

The morphology and crystal habit, if relevant, need to be examined. This 
information in conjunction with that discussed above provides information on the role 
the microorganisms may be playing in mineralisation. For example in calcium 
carbonate systems the conditions under which aragonite and calcite precipitated are 
well characterised. If either mineral precipitates outside these conditions then 
biological influence should be investigated. 

The surface climate conditions need to be recorded to allow a model to be 
developed in stage 3 linking surface climate to the mineralisation process. This data is 
essential to extrapolating palaeoclimatic data from the sediments. 

 
Stage 2 Assessment of biomineralisation 

The second stage of the investigation is the assessment of the evidence collected 
in stage 1 to determine the extent of the biological influence on the mineralisation 
process.  Biomineralisation occurs through a variety of mechanisms, from careful 
control of the crystal nucleation and growth for specific biological functions to 
altering the local environmental conditions. The first part of the spectrum is often 
easy to identify as a biomineral, for example, characteristic mineralised structures 
such as the sheath of Leptothrix and twisted stalk of Gallionella identified in Odyssey 
Cave. Where the microorganisms may have altered local supersaturation conditions or 
lowered the nucleation energy, a detailed examination in necessary to establish the 
microorganisms are not merely bystanders in a purely inorganic mineralisation 
process. Thus the information gathered in stage 1 needs to be assessed and modelled. 
Saturation indices for the  relevant species need to be determined. If the waters are 
insufficiently saturated for nucleation and precipitation to occur then biological 
influences are implicated. As discussed above if the mineral has an unusual 
morphology or habit then a biological influence is likely.  

For studies in the Nullarbor Caves, it was established that the waters were only 
slightly supersaturated with respect to calcium carbonate (0 < SIC < 0.5), below the 
level which spontaneous precipitation was likely to occur due the kinetic limitations. 
This suggests the microorganisms play a role in nucleation. The crystal habit was 

 72 



unusual, with the crystals being spindled shaped. This suggests a role for the 
microorganisms in modifying crystal habit. Further modelling of the 
biomineralisation processes as part of stage 3 was required to extend these 
observations.  

 
Stage 3 Model Development 

Stage 3 involves the development of two models. The first is the development of 
a model of the biomineralisation processes if it has not previously been established. 
In some cases such as the precipitation of iron minerals by bacteria such as Leptothrix 
and Gallionella where the biomineralisation has been well establish this model does 
not need to be investigated. However for example in the calcite mineralisation in the 
Nullarbor Caves, it was necessary to establish through a series of synthetic calcite 
precipitation experiments the role the microbial community played in the lowering of 
the nucleation energy barrier. It was also necessary to investigate the influence of 
chemical groups present in the exopolymeric substances produced by the bacteria on 
the morphology and habit of the calcite. 

Once the mode of biomineralisation has been established, a model linking this 
process to the external environment can be developed. For the investigations in 
Odyssey cave, it was determined the presence of the bacteria was linked to surface 
drought periods. For the Nullarbor Caves the bacteria are sub-aquatic. Thus 
biomarkers are linked to periods of warmer temperatures resulting in periods of high 
sea level. 

 
Stage 4 Palaeoclimatic investigations 

Only after the microorganisms have been implicated in the biomineralisation 
process and model linking their mineralisation to the climatic conditions is it possible 
to investigate the sediments for paleoenvironmental information.  For Odyssey Cave 
the cave sediments were investigated for a flood drought history of the region using 
carbon-14 dating. For the Nullabor system U/Th dating and oxygen isotope 
investigations of massive calcite in the cave floor can give information on 
palaeotemperatures and palaeo sea levels.  

Conclusions 
A clear and through methodology is needed to establish the role of 

microorganisms in the formation minerals in caves and the paleoclimatic significance 
of the sediments associated with these processes. The four stage framework 
developed for the two cave systems discussed here needs only slight modification to 
be used for other examples of biomineralisation in caves.  
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Abstract 

Escherichia coli, indicators of fecal contamination, were detected in 16 of 50 
domestic water wells sampled during the summer of 2000 in Berkeley County, West 
Virginia, a region partially underlain by karstic limestone. The combination of diffuse 
and conduit ground-water flow, as well as the complex interaction of ground and 
surface water in this area make it difficult to link fecal contamination in ground water 
to aboveground sources. An emerging technology, bacteria source tracking, can likely 
identify the sources of fecal contamination in ground water of this region. Knowledge 
of the sources of fecal contamination will aid in the development of effective source 
control strategies. Although potentially powerful, the science of bacteria source 
tracking is relatively new, and no consensus is available regarding the best methods to 
identify fecal contamination sources in environmental settings. This study will 
compare seven bacteria source tracking methods for their ability to discriminate 
Escherichia coli isolates from feces of nine different source-animal categories in 
Berkeley County. The source tracking methods to be compared include ribotyping 
using HindIII, George Lukasik, University of Florida; ribotyping using EcoR1 and 
PvuII, Mansour Samadpour, University of Washington; antibiotic resistance analysis, 
Bruce Wiggins, James Madison University; pulsed-field gel electrophoresis using Not 
l, Kriston Strickler, West Virginia Department of Agriculture; sole source carbon 
utilization using BIOLOG, Charles Hagedorn, Virginia Polytechnic Institute and State 
University; rep-PCR using REP primers, Donald Stoeckel, U.S. Geological Survey; 
and rep-PCR using BOX primers, Howard Kator, College of William & Mary. 

The study will be performed by challenging a library of known-source isolates 
with a library of blind isolates. The identities of the blind isolates are known only to 
the project manager. The known-source library will be developed using fecal samples 
that were collected from nine sources: humans, dogs, beef cows, dairy cows, swine, 
chickens, horses, deer, and geese. The blind collection of challenge isolates will 
include new isolates from the 9 sources represented in the known library, replicates 
from the original known-source library, and a collection of new sources that are not 
represented in the source library (such as mice, cats, goats, and llamas). Method 
performance will be assessed by the average rate of correct classification for isolates 
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from each source group, the rate of false identification within each source group, and 
the ability of each method to handle the un-represented sources. 

The library of known source isolates was constructed from a minimum of 20 
fecal samples that were collected in August and September 2001 in Berkeley County 
for each of nine source-animal categories. Sterile toothpicks were used to pick apart 
fresh fecal samples and to extract a small portion from the center of each sample. The 
sterile toothpick containing the extracted feces was swirled in a vial of sterile buffer 
that was then wiped with alcohol, chilled, and shipped by overnight mail to the U.S. 
Geological Survey microbiology lab in Columbus, Ohio. Between 5 and 8 isolates of 
Escherichia coli were cultured and confirmed at the Columbus lab from each fecal 
sample to build a library of at least 100 isolates for each of the nine source-animal 
categories for a total known-source library of 900 isolates. The confirmed Escherichia 
coli isolates were distributed to the laboratories performing the seven bacteria source 
tracking methods. Currently, each lab is in the process of building a source library 
from these known source isolates. 
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Blue-stained bones, collected along a single stratigraphic level in San dosecito 

Cave, Nuevo Le6n, México, were analyzed in order to better understand the 
diagenetic processes that pertained to their formation, and in order to ascertain if 
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those processes could be used in inferring past environmental conditions. Using XRD, 
two minerals were identified as composing the fossil bone, hydroxylapatite and 
calcite. INAA, ICPS, XRFS, and colorimetric methods were used to quantify trace 
elements, including Cu, Sr, Zn, F, and CI (in descending order). The findings point to 
the presence of a physical phenomenon produced by transition metal ions impurities, 
that in turn seems to be associated with physical and chemical processes occurring 
inside the cave, rather than with outside paleoenvironmental conditions. 
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The role of aggregation in water conservation in adult female cave crickets, 
Hadenoecus cumberlandicus, in Ldurel Cave (Carter Co., KY) was investigated. 
Grouped crickets retained water more effectively (water loss rates were lower) as 
densities increased from 1, 5, 10, and 20 crickets'per cluster. Dry air currents (flow 
rate 43 mL/min) that passed over an aggregation of 20 eliminated the group effect 
with regard to water loss, suggesting that the mechanism operates by raising the 
relative humidity inside the cluster. Rapid water loss rate characterizes the water 
balance profile and is reflected by high activation energies for water loss and low 
quantities of cuticular lipid. There was no evidence for water vapor uptake. Natural 
gains and losses are high in H. cumberlandicus, and this agrees with their preference 
for the deep cave environment. Conversely, water turnover is lower for another 
trogloxenic cricket, Ceuthophilus stygius, that is less cave-adapted. 
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New York at Plattsburgh; Plattsburgh, NY 12901-2681 USA 
  

We report here some factors that affect the relationship between hind femur 
length (HFL) to crop-empty live weight (CELW) and propose a quantitative, 
non-lethal measurement ratio that has potential as an index of extent of adaptation to 
a cavernicolous existence in “crickets”. Curvilinear relationships exist between HFL 
and CELW for camel crickets (Ceuthophilus stygius) and cave crickets (Hadenoecus 
sub- terraneus). The relationships differ significantly between the species and also by 
gender within both species and, in cave crickets, by season as well. In C. stygius, 
females of small HFL are slightly lighter, and those of large HFL slightly heavier than 
males. In H. subterraneus, females have progressively greater CELW than males as 
HFL increases. In adult H. subterraneus of identical HFLs, CELW is greatest in fall 
and least in spring, i.e., individuals are most robust in the fall in these long-lived 
crickets, probably due to seasonal constraints on surface feeding. An attenuation 
index of CELW/HFL3 yields a ratio that ranks the extent of adaptation to cave life in 
these two and eight other species of variously adapted cavernicolous and epigean 
"crickets ". Lower values of the attenuation index indicate greater adaptation to 
cavernicolous existence. The three gryllid species from Hawaii Island are closely 
related and include the blind, obligate cave cricket, Caconemobius varius, and two 
surface species, the lava flow cricket, Caconemobius fori, and the marine littoral 
cricket, Caconemobius sandwichensis. The latter two species are nocturnal 
scavengers on barren rock habitats. The lower CELW/HFL3 ratio in lava flow crickets 
suggest they use caves more frequently for daytime roosts than does the marine 
littoral species. 
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Abstract  

Usually used to study punctual pollutions and evaluate anthropogenic influence or 
sinking river within karstic systems, Total Organic Carbon (TOC) also appears as an 
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interesting tracer of the water transit in these contexts. Moreover, TOC plays an 
effective role in karstification. To precise the mechanisms of transfer and the 
becoming of TOC in karstic environment a study has been carried out on several 
aquifers under different climatic conditions and different types of vegetation: Two 
systems in Jura (East of France), and nine aquifers from the experimental basin of 
Vaucluse (South East of France) were studied. The systems present different ranges of 
TOC variations. The development of karstification seems to play an important role in 
the carbon cycle. Indeed the epikarstic systems studied in Vaucluse are characterised 
by fast and important variations after rain events and a mean value of 2 mg/l whereas 
others aquifers present weaker variations. This works on several aquifers from 
different contexts highlights the important influence of environmental (climate, 
vegetation...) and hydrodynamical (transit time) parameters on the organic matter 
transfer and transit in karsts.  
Key words: climate, karstification processes, TOC cycle, transit, vegetation 
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   Studies of an unusual and diverse system of caves in coastal southern Jamaica 
have yielded a paleoclimatic record associated with a fossil vertebrate record that 
provides useful insights into the poorly documented paleoecology of latest 
Wisconsinan and Holocene Jamaica. Episodes of significantly increased precipitation 
during the Holocene have left characteristic deposits of speleothems, and have 
supported both faunal and archaeological communities that were dependent on these 
mesic conditions. Deposits of fossil bat guano preserved in the caves provide a δl3C 
record of alternating mesic and xeric climatic episodes that supports the interpretation 
of the faunal and archaeological record. 
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A mud deposit in Sassafras Cave near Stilweil, Oklahoma, produced a small 

assemblage of fossil vertebrates including an unidentified salamander and the 
mammals Myotis sp., Lasionycteris noctivagans, Pipistrellus subflavus, Tamias 
striatus, Peromyscus sp., Reithrodontomys sp., Microtus sp., and Tapirus veroensis. 
The fossiliferous mud deposit is a stream terrace containing abundant red clay 
accumulated behind roof fall and breakdown boulders that temporarily dammed the 
main stream-passage of the cave. The tapir fossils indicate a late Rancholabrean (late 
Pleistocene) age for the deposit. This is the first report of a tapir from the Oklahoma 
Ozark Highland and only the second report of Pleistocene megafauna from a cave in 
eastern Oklahoma. The tapir is represented by a partial skeleton with some of the 
distal leg bones articulated in life position in the deposit. The animal probably died 
while it was standing or lying in the mud, possibly after falling into the cave or 
walking in through an entrance that had a different configuration in the Pleistocene 
than the present sinkhole entrance.  
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