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Lights and shadows on the conservation of a rock art cave: The case of 
Lascaux Cave

INTRODUCTION
Bacteria and fungi are capable of colonizing almost 

every niche. Caves are not an exception and are 
distinctive habitats with nearly complete darkness, 
relatively constant air and water temperatures, high 
moisture, and a poor supply of easily degradable 
organic matter. Caves were suggested to be considered 
as extreme environments for life because they provide 
ecological niches for highly specialized microorganisms 
(Schabereiter-Gurtner et al., 2004). Reactive mineral 
surfaces and solute-rich groundwater provide 
sufficient energy sources for chemolithoautotrophic 
growth at the rock surface and can serve as the base 
for a cave food web, increasing both food quality and 
quantity (Poulson & Lavoie, 2000; Kinkle & Kane, 
2000). Subsurface microorganisms generally seem to 
be active at very low but significant rates and several 
investigations indicate that chemolithoautotrophs 
form a chemosynthetic base providing substrates for 
heterotrophic life (Pedersen, 2000).

Movile Cave, Romania, a sulfidic cave system, was 
the first documented chemolithoautotrophically-based 
cave and groundwater ecosystem (Sarbu et al., 1996). 
Chemolithoautotrophic microbial growth has been 
found in other active sulfidic cave systems, including 
Parker Cave (Angert et al., 1998), the Frasassi Caves, 
Italy (Vlasceanu et al., 2000; Sarbu et al., 2000), Cueva 
de Villa Luz, Mexico (Hose et al., 2000), Cesspool Cave 
(Engel et al., 2001), and the flooded Nullarbor caves, 
Australia (Holmes et al., 2001). In Lechuguilla Cave 
(New Mexico, USA) the organic input is limited due 
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to the depth, but bacterial and fungal colonisation is 
relatively extensive (Cunningham et al., 1995). They 
suggested that chemolithoautotrophs are present in 
the ceiling-bound residues and could act as primary 
producers in a unique subterranean microbial food 
chain (Engel et al., 2004).

Barton et al. (2007) showed that in a cave environment, 
the microbial community subsisted by using barely 
perceptible carbon and energy sources, including 
organics entering the system through percolation, 
and the presence of volatile organic molecules within 
the atmosphere. In some caves the organic material 
present in the dripping waters have a phenolic and 
aromatic nature (Saiz-Jimenez & Hermosin, 1999; 
Sylvia et al., 1999). Also, different studies have shown 
that in some caves microorganisms are not properly 
chemolithoautotrophs, but instead are translocated 
soil heterotrophs, chemoorganotrophs or fecal coliform 
bacteria from contaminated surface water that are 
associated to surface inputs (Laiz et al. 1999; Simon 
et al., 2003). 

Some caves are open for tourism because they are 
particularly interesting for their prehistoric paintings 
as the Lascaux cave (Fig. 1) or their mineralogical 
formations, such as stalactites. Efforts are made 
to determine human impact on cave conservation, 
and to prevent detrimental effects due to human 
activities. Indeed, microenvironmental data such 
as temperature, CO2 concentration, moisture and 
atmospheric pressure, clearly showed the negative 
influence of visitors (Hoyos et al. 1998). 

In Kartchner Caves, Arizona, Ikner et al. (2007) 
showed that bacterial diversity generally decreased as 
human impact increased. The degree of human impact 
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was also reflected in the phylogeny of the isolates 
recovered, Proteobacteria dominating in communities 
exposed to high levels of human contact. This study 
also showed that although the abundance of bacteria 
along the cave include microbes of the environment 
rather than microorganisms of anthropogenic origin, 
it is likely that their presence is a consequence of 
increased availability of organic matter introduced by 
visitors.

Inappropriate artificial illumination of archaeological 
remains and their interior works of art (Albertano, 
1991; Albertano and Bruno, 2003; Albertano et al., 
2003; Ariño et al., 1997) resulted in the uncontrolled 
development of photosynthetic microorganisms, 
primarily cyanobacteria and microalgae (Hernandez-
Mariné et al., 2003; Hoffmann 2002, Lefèvre 1974, 
Ortega-Calvo et al., 1993, Roldan et al., 2004), 
forming greenish biofilms that contribute to surface 
deterioration. These organisms feature a matrix 
composed primarily of exopolymers that are involved 
in the resistance of biofilms to adverse abiotic 
conditions as well as in attachment (Albertano et al., 
2003; Decho, 2000; Tamaru et al., 2005). Control 
efforts usually focus on cleaning damaged surfaces 
or on chemical treatments that have little efficacy 
against biofilms (Costerton et al., 1999; Kumar & 
Kumar, 1999). Hence, there is an ever-increasing 
interest in the development of alternative strategies 
for preventing and minimizing biofilm development. 

In the last decade Lascaux Cave suffered progressive 
microbial colonization. Here we discuss on the 

circumstances that conducted to the present-day 
situation.

LASCAUX CAVE: A HISTORIC OVERVIEW
The Cave of Lascaux was discovered in 1940. As 

soon as it was opened to the public, it attracted 
many visitors and the microbiological balance was 
changed.  Starting in the early nineteen sixties, 
lighting adaptations for visits provoked the growth 
of a green biofilm on the wall paintings, identified as 
being produced by algae (Lefèvre, 1974). This green 
biofilm and other deteriorations linked to tourism 
led to the closure of the cave in 1963. This damage 
was attributed to perturbations induced by visitors’ 
breath and the lighting which favoured microbial 
and algal growth. Between July and September 
2001, the first evidence appeared of a fungal 
invasion of Fusarium solani and the associated 
bacterium Pseudomonas fluorescens (Allemand & 
Bahn, 2005; Orial & Mertz, 2006). In August 2001, 
the first biocidal treatments were started but the 
rapid extension of the fungal colonies in the soil 
prompted an intensive treatment of quicklime (Sire, 
2006). Since 2001 some black stains were detected 
on the ceiling and the banks of the passage, and 
their abundance increased in 2007. Melanised fungi 
were mostly responsible for these stains and during 
the recent months a debate was initiated in several 
international media venues on the origin of these 
black spots and whether a biocidal treatment was 
needed or not. 

Fig. 1. World-famous prehistoric paintings of the Lascaux Cave (Nov. 2004). The cave has been closed to the public since the sixties because of 
microbial development.
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PRESENT-DAY SITUATION IN LASCAUX CAVE
Although culture-dependent and -independent 

methods are used for the study of microorganisms in 
soils and caves we rely on molecular methods which 
allow for the characterization of organisms that are 
difficult, if not impossible, to cultivate (Lopez Garcia 
et al., 2003). At present the application of molecular 
techniques is filling the existing gap between the 
detection of cultured and uncultured microorganisms 
(Gonzalez & Saiz-Jimenez, 2004). Unfortunately 
molecular methods can create some biases and 
underestimates particular microbial groups, especially 
if groups have abundance ≤ 107 cells per volume 
(Speksnijder et al., 2001). 

In Lascaux Cave, classic methods based on isolation 
of microorganisms were previously used (Orial & Mertz, 
2006; Dupont et al., 2007), evidencing the presence 
of a Fusarium solani species complex and associated 
Pseudomonas fluorescens. We used molecular biology 
techniques based on DNA extraction followed by PCR 
amplification of 16S rRNA or 18S rRNA to identify 
bacteria and fungi respectively. These microorganisms 
were identified by cloning sequencing of the DNA 
either isolated from a pure culture or extracted from 
sediment samples. The preliminary results obtained 
following these two approaches are well correlated and 
revealed a great diversity of both bacteria and fungi. 
They showed similarities in community structure 
when the communities are sampled from areas with 
a similar range of moisture, even if the substrata is 
not the same, but their structures are significantly 
different, when they are taken from areas with different 
moisture levels, even if the substrata is the same. 

The most abundant bacteria genera found in Lascaux 
Cave were Ralstonia spp. and Pseudomonas spp. both 
belonging to the taxonomic group Proteobacteria, 
which were not equally distributed all along the cave, 
although present in almost all the samples studied. In 
addition, some Stenotrophomonas spp. were identified 
(12% in one sample from the Painted Gallery). It is known 
that members of this genus carry out denitrification 
reactions, with conversion of ammonia to nitrous oxide, 
and also play a role in the denitrification of complex 
organic compounds, such as nitrobenzene (Barton et 
al., 2007). A few phylotypes of Herbaspirillum sp. and 
Janthinobacterium sp. were found. These genera are 
related to nitrogen assimilating species (Barton et al., 
2007). A more exhaustive phylogenetic examination of 
Lascaux Cave bacteria is being carried out and will be 
reported elsewhere.

Heterogeneity in distribution is observed in fungi. The 
most abundant phylotype Penicillium namyslowskii is 
nearly absent in the Great Hall of Bulls but strongly 
represented in the Chamber of Felines. Fungi such as 
Aspergillus niger and some Penicillium spp. often found 
in Lascaux Cave are known to solubilise and mineralize 
phosphorus from inorganic and organic pools (Van 
Breemen et al., 2000, Vassilev et al., 1996, Wakelin 
et al., 2004). In Lascaux, several species of amoebae 
were detected, and some arthropods were identified, 
especially Collembola which are known to play a role 
in dissemination of fungal spores and bacteria.

Previous studies (Holmes et al., 2001; Schabereiter-
Gurtner et al., 2002a, 2002b, 2004; Northup et al., 
2003; Engel et al., 2004, Zhou et al., 2007) using 
culture-independent methods, have revealed that 
bacteria belonging to Proteobacteria, Bacteroidetes, 
and Actinobacteria were usually found on different 
cave substrata. Among them, Proteobacteria were 
reported to be the dominant bacteria and could have 
a key role in the cave biogeochemical processes. In 
agreement with this statement, Proteobacteria is the 
most abundant group identified in Lascaux Cave 
where it represents more than 90% of the bacteria. 
In Altamira Cave (Spain) Proteobacteria represented 
about 50% of sequences identified, and surprisingly 
a practically unknown group of microorganisms, the 
Acidobacteria, represented almost 25% of the total 
(Schabereiter-Gurtner et al. 2002a). Acidobacteria is 
a unique bacterial group since most of this bacterial 
division is only known from the 16S rDNA sequences 
of uncultured microorganisms (Gonzalez & Saiz-
Jimenez, 2004). Studies based on culture-independent 
methods make more difficult valid statements about 
the ecological role that these organisms might play in 
the environment. 

In Lascaux Cave, the huge presence of Pseudomonas 
spp. and Ralstonia spp. are in agreement with 
Ikner’s results (Ikner et al., 2007), however these 
bacteria were also present in less impacted areas. 
It is, in fact, really difficult to obtain quantitative 
results concerning the absolute contributions of the 
various anthropogenic organic matter sources on 
the development of bacteria and fungi in caves. Most 
of the time data concerning the initial stage, before 
opening the cave to tourism are missing, making the 
demonstration of the real impact of tourism in a cave 
impossible. In contrast, Lechuguilla Cave has had 
limited human impact and represents an excellent 
site to investigate the microbial biodiversity in the 
absence of human activity (Northup et al., 2003). On 
the other hand, Lascaux Cave offers the possibility 
of studying different areas with varying degrees of 
human exposure. Indeed, two areas, the Chamber of 
Felines and the Shaft of the Dead Man, were never 
opened to public, although the Great Hall of Bulls 
and the Painted Gallery were heavily visited for 
almost 20 years.

CONSERVATION EFFORTS IN LASCAUX CAVE
In Lascaux, the native organisms have been radically 

disturbed by repeated application of biocides. At first, 
combined sprays of streptomycin and penicillin were 
applied to control bacteria followed by formaldehyde 
applications against algae. Starting in 1969 a 
programme of periodic maintenance and cleaning 
was adopted, based on formaldehyde spraying on 
the paths. In 2001, the cave was rapidly invaded by 
a white fungus (Fig. 2), identified as Fusarium solani 
(Dupont et al., 2007) a soil borne fungus, which 
covered the floor of the cave and was treated with 
application of quicklime to stop the development of 
the strong invasion. Later on, several applications of 
benzalkonium chloride were made (Fig. 3), since this 
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molecule was demonstrated “in vitro” as having a good 
efficacy against Fusarium solani. However, in situ the 
efficacy of this molecule was limited, possibly because 
the fungus was associated with bacteria in a biofilm, 
making it less susceptible to the molecule. Moreover, 
some bacteria present in the biofilm (Pseudomonas 
fluorescens) are able to degrade this type of molecule 
(Nagai et al., 1996). 

An intriguing question concerns the origin of F. 
solani and the reasons for its explosive development 
in 2001. It was proposed that the invasion of F. 
solani resulted from an accidental introduction 
from the external environment, but this hypothesis 
has not been confirmed, since Dupont et al., (2007) 
demonstrated that the population isolated from the 
cave was not homogeneous. They found 19 different 
genotypes among the 36 isolates studied and a 
different localization inside the cave for these different 
genotypes.

Being heterotrophic F. solani needs organic carbon 
as nutrient. Thus, an organic carbon source must 
have been present in the cave, but its origin remains 

unknown. Several hypotheses can be suggested: 
the percolation water, the biocide residues from 
previous sprays (it has been shown that some strains 
of Fusarium solani are able to grow on agar media 
containing formaldehyde or ethanol as sole source 
of carbon), or even the activity of chemolithotrophic 
bacteria could have provided a source of organic 
carbon useful for promoting the growth of the fungi. 

CONCLUSIONS
In the Lascaux Cave, the first problem that attracted 

the attention of researchers was the “maladie verte”, 
due to algal development (Lefèvre, 1974). Later on, 
fungal colonies appearing as white or/and black 
spots created the main conservation problem. The 
sole aim of the treatments was only to eradicate algae 
or fungi. However until recently nobody had studied 
the interactions between all the organisms present in 
the cave. Bacteria are present on the rock surfaces 
and sometimes they constitute mucous biofilms but 
no one has been interested in the composition of the 
biofims, which associate bacteria, fungi, and probably 
protozoa. Only recently a research project has been 
funded which aims at studying the ecology of the 
cave, including interactions between microorganisms 
(bacteria and fungi), other organisms (protozoa and 
arthropods) and human presence. 

Currently the most important point of interest 
in Lascaux is the development of “black spots” 
corresponding to the growth of melanised fungi (Fig. 
4). Melanin synthesis is associated with reduced 
fungal susceptibility to a variety of stresses that 
fungi may encounter in the environment, including 
predation by amoebae and UV light, between others. 
An interesting result is that certain bacterial species 
may serve as sources of substrates for melanisation 
of different fungi in the environment (Frases et al., 
2006). This hypothesis should be explored. Among 
the fungi detected in the black spots in the Lascaux 
Cave, Verticillium sp. and Scolecobasidium sp. were 
identified. Phylogenetic analyses will be necessary to 
determine if these fungus results from an accidental 
introduction into the cave or if, as F. solani, they pre-
existed in the cave before becoming visible. However 
it must be noticed that the genus Scolecobasidium 
has been shown to be able to degrade surfactants of 
similar effects to the biocides applied in the cave. Thus, 
its current development might have been favoured by 
biocide applications. 

Fig. 2. Colonies of white fungus growing on the soil in 2001 and 
identified as Fusarium solani.

Fig. 3. Applications of pads containing biocides on undecorated walls 
only in Lascaux Cave in 2001-2002. 

Fig. 4. A wall in Lascaux Cave showing “black spots” produced by 
melanised fungi.
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Trying to control by artificial (chemical) means 
the development of microorganisms in a cave 
environment is not a realistic approach since we 
do not understand the whole ecological functioning 
of the cave. Understanding interactions (i) between 
and among organisms (ii) between microorganisms, 
and macroorganisms, (iii) between the climatic 
parameters, the nature of the rock surface and the 
microbial development and (iv) the impacts of the 
biocide application on microbial balance are crucial 
to decide if application of biocides will be useful or 
deleterious to the cave. 

In conclusion, further multifaceted (microbiological, 
ecological, physiological, geological, molecular 
biological, etc.) research is needed to characterize 
the microbial ecosystem and yield new information 
regarding the metabolic functions of the different 
microorganisms inhabiting in such a complex 
environment. Results of this multidisciplinary research 
are needed to identify indicators of the sanitary state 
of the cave and to propose decision-making tools for 
the conservation of the paintings. This is a fascinating 
challenge for all the scientists working in caves.
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