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Editorial 
 
LASCAUX RE-VISITED 
 
 

Cesareo Saiz-Jimenez 
 
COALITION editor 
Instituto de Recursos Naturales y Agrobiología 
de Sevilla – CSIC, Sevilla, Spain 
 
 
A comment “The lessons of Lascaux” was 
published in the issue nº 10 (July 2005) of 
COALITION. Further, the problems of this 
cave were widely discussed in the media.  
 
A two-day symposium (26 and 27 February 
2009) was organized by the French Ministry 
of Culture and Communication in Paris. The 
title: “Lascaux and preservation issues in a 
subterranean environment” was promising and 
roughly 200 attendants discussed the data 
presented by the members of the Comité 
Scientifique International de la Grotte de 
Lascaux. An informal report by one of the 
invited international experts (Jannie Loubser) 
is included in this issue. In addition, the paper 
“Lights and shadows on the conservation of a 
rock art cave: The case of Lascaux Cave” 
provides an updated account of the situation 
in Lascaux. This paper was published in the 
International Journal of Speleology 
(www.ijs.speleo.it), which kindly approved the 
reproduction in this newsletter.   
 
Unfortunately, only very few papers have 
been published on the microbial problems that 
suffered Lascaux in the last 70 years, and 
these corresponded to Lefèvre and his findings 
on “la maladie verte”. It is only in the last 
years that detailed information is reaching 
different scientific journals. Previously, 
comments on Lascaux were only found in 
newspapers and internet and most of them 
provided very few, if any information, and 
were mostly speculative. 
 
We hope that the excelent reports published in 
Monumental, dossier Grottes ornées, 
semestriel 2, 2006, Les Dossiers 
d´Archéologie, hors série nº 15, juin 2008, 
and the data obtained and published by the 
Lascaux Committee members will help to 
center the matter and will provide insights on 
the way to solve the problems. 

 
At the same time I draw your attention to a 
special issue on Cave Microbiology published 
in International Journal of Speleology, volume 
38 (1), 2009. The issue is available online at 
www.ijs.speleo.it. This gathers together a 
selection of contributions dealing different 
aspects such as chemolithotrophic 
productivity, the impact of alterations of 
organic inputs on cave communities, 
ultraviolet radiation sensitivity, which help to 
explain the role of bacteria in cave. Fungal 
diversity in Slovakian and Puerto Rican caves, 
the description of the architecture of 
phototrophic biofilms in caves and the mineral 
fabrics in Altamira Cave are also included. 
 
 
REPORT ON THE INTERNATIONAL 
SYMPOSIUM IN PARIS CONCERNING 
LASCAUX AND PRESERVATION ISSUES IN A 
SUBTERRANEAN ENVIRONMENT 
 
 

Johannes Loubser 
 
Stratum Unlimited, LLC; 10011 Carrington 
Lane. Alpharetta, GA 30022, USA 
 
The French Ministry of Culture and 
Communication organized a two-day 
symposium (26 and 27 February, 2009) in 
Paris to address ongoing concerns about the 
adverse effects that microbiological activities 
have on the Paleolithic rock paintings within 
Lascaux Cave. Chaired by Jean Clottes, the 
Lascaux symposium featured the French 
Minister of Culture and Communication, 12 
scientific presenters who have worked within 
the cave and 18 international expert 
discussants from various countries around the 
globe. The roughly 200 attendants in the 
audience included rock art and conservation 
specialists as well as interested media and 
concerned members from the public. 
 
What follows is an account of my personal 
impressions gained during the two days that I 
acted as an expert discussant at the 
symposium. This account likely contains some 
factual errors and omissions due to a number 
of reasons, one being that I’ve never visited 
the cave in person and the other that I do not 
understand French (in spite of valiant efforts 
by the two interpreters to keep up with the 
scientific terms etc.). A thorough and proper 
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background and condition assessment requires 
more time, effort, and direct observation than 
what I could manage under the 
circumstances. 
 
Located slightly southwest of France’s center, 
the dark zone Lascaux Cave was reputedly 
first discovered in 1940 when four local boys 
allegedly followed their dog into a small gap 
left by a tree tip-up on a hill slope. Fairly 
recent discussions with the surviving 
octogenarian explorers have elicited more 
nuanced recollections, however. One less 
romantic version of the discovery, for 
example, is that people from the nearby 
Montignac community have already been 
using the partly sunken cave entrance to 
dispose of animal carcasses. Even if found not 
to be entirely true, this account nonetheless 
suggests that the cave was not necessarily 
hermeneutically sealed from the outside world 
after the paintings were done at least 15,000 
years ago; fungi and other microorganisms 
might have been dormant within for millennia.  
 
As is the case of most other rock art sites, 
Lascaux Cave is surrounded by a wider natural 
and cultural milieu. This milieu is not only 
multi-faceted in terms of natural variables and 
cultural attitudes, but also multi-leveled in 
terms of spatial and chronological units of 
assessment and measurement. As far as 
cultural context is concerned, often expressed 
in idiosyncratic ways, a French symposium 
attendant compared Lascaux Cave to a pâté 
de foie gras, for example. According to the 
Frenchman, both the cave and pâté can last 
for an unexpectedly long time as long as they 
are sealed. However, once opened wide for 
human consumption, deterioration can be 
expected to set in fairly quickly (for a variety 
of reasons, comparatively open rock shelters 
with prehistoric rock paintings and/or 
engravings do not respond adversely to 
human visitation in the same way as narrow 
caves do, partly as a result of having been 
open all along and partly due to not being 
subjected to overcrowding as much). Signs of 
deterioration did eventually start showing up 
within Lascaux not long after it was formally 
opened for public visitation in 1948. By 1955, 
an average of 30,000 visitors has entered the 
cave per year to view the spectacular 
paintings (at this time conservators have 
already detected excess levels of carbon 
dioxide within the cave).  
 

The reason for the cave’s almost universal 
appeal is perhaps easier to grasp once it is 
realized that the larger than life and dynamic 
depictions of extinct aurochs, wild horses, and 
bison rotating in a vortex-like fashion against 
the walls and ceilings of the cave invoke 
powerful emotional responses among first-
time visitors, driving many to tears. Most 
likely due to the artificial widening of the 
entrance and increased human visitation since 
the late 1940s, by the early 1960s green 
algae and white accretions were noticed 
within the cave. This infestation of 
microbiological growth was part of what 
became known as the first bioclimatic crisis, 
dating roughly to between 1955 and 1983. 
The French Minister of Culture responded by 
closing the cave to public visitation, allowing 
only small groups of people to enter at pre-
calculated intervals. Between 1963 and 1965, 
conservators treated the cave’s interior 
surfaces with antibiotics and formalin to 
eradicate the algal growth. During this time a 
new cooling system was also installed which 
worked by convection with the cave’s natural 
air currents.  
 
Following the break-down of the old 
convection system, a more powerful unit of 
temperature control was installed by 2001. 
Prior to the installation of the new air 
conditioning system, the deeper recesses of 
the cave tended to be warmer than the areas 
closer to the entrance. After the installation 
these temperature gradients reversed. Air 
exchange between the front and back of the 
cave ironically also became more stagnant 
after the installation of the new unit. 
Moreover, some people claim that it was 
during this second installment of a 
comparatively large air conditioning unit that 
the cave’s entrance was left exposed to 
exterior rain and temperature fluctuations for a 
considerable time. These critics moreover 
claim that one possible reason for the 
appearance of fungi within the cave roughly 
around this time is that unsupervised 
construction workers did not sterilize their 
boots. However, another scenario is that the 
long-term, low-level presence of formaldehyde 
in the cave may have killed off many of the 
other organisms in the cave that would 
naturally have checked the expansion of fungi 
through the cave. It is the particularly the 
spread of a white fungus, known as Fusarium 
solani, that set off what became known as 
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the second bioclimatic crisis in 2001, and 
which is still continuing. 
 
The dynamics around and within the cave are 
complicated, as even the slightest of changes 
in geology or climate can trigger a chain of 
unanticipated events. Geological and 
hydrological studies above and within Lascaux 
Cave have shown that calcium saturated 
ground water fills the pore spaces of the 
caves’ limestone walls and ceilings, which is 
thought to be good from a rock stability point 
of view. However, elevated levels of humidity 
soon after the construction of the new air 
conditioning unit apparently favored the 
growth of Fusarium fungi, whereas artificially 
induced desiccated conditions thereafter 
encouraged melanin-like growths to colonize 
clayey surfaces within the cave (yet anecdotal 
evidence seems to suggest that water have 
entered the cave via natural openings on an 
intermittent basis ever since the cave was re-
discovered in 1940 and very likely long 
before, extending back into prehistoric times). 
 
Between 2002 and 2008 highly trained 
conservators, wearing protective clothing, 
have been painstakingly removing fungi from 
the cave walls and in certain instances from 
on top of the prehistoric paintings, first with 
chemicals and then mechanically with 
sponges and hand-held vacuums. 
Unfortunately, repeated applications of 
fungicides and then antibiotics did not appear 
to be affective in the long term as ostensibly 
resistant fungi tended to re-appear. The use of 
ammonium quaternaire and isothiazolinone 
seems to have been successful in checking 
the spread of Fusarium, however. Most 
recently Scolecobasidium fungus has been the 
dominant growth within the cave, together 
with at least 10 species of bacteria. 
Interestingly, increasing treatment has 
resulted in an increasing diversity of species 
(biocides leave traces of carbon that allow 
those species that have survived to colonize). 
Of potential concern is Collimonas sp. that 
degrades minerals within the limestone 
surface but also has the potential advantage 
of killing other fungi. Meanwhile, bacteria 
produce acids that are not limestone friendly. 
Cladosporium growth is still a problem too. 
 
A question that arises from the constant 
monitoring and battling of microbiological 
growth is if the site is not being over-treated. 
Left alone, the fungi and bacteria can perhaps 

fight and determine the outcome of their own 
battle. Meanwhile, of obvious concern though, 
is the damage that these growths can cause; 
black spots, some as large as human hand, 
have appeared on some of the prehistoric 
paintings. Whether these spots are permanent 
or would eventually fade and disappear is still 
something that needs to be observed over the 
very long term. Monitoring the efficacy of 
rock art conservation treatments is a bit like 
watching a marathon run in progress; the 
athlete who is ahead at any one point in the 
race is not necessarily the winner. Similarly, 
rock surface stains at Painted Rock in 
California that looked worse two years after 
their first appearance have become invisible 
between 10 and 15 years later. 
 
Concern for Lascaux’s predicament has 
encouraged an independent international 
committee to propose at the 2008 UNESCO 
World Heritage meeting that the cave be put 
on the Endangered Sites List. To my mind this 
might be an overreaction. In certain ancient 
cultures people tantalizingly viewed natural 
and cultural features as sharing characteristics 
with the human body. Co-incidentally, puffy 
white spots that allegedly occurred on human 
skin (according to descriptions reminiscent of 
Fusarium solani) were also believed to occur 
on the walls of places where people live or 
visit. It is believed that these white spots are 
somehow symptomatic of discontent among 
people, particularly slander and rumor-
mongering, even when insinuations turn out to 
be based on some grain of truth. In such a 
metaphorical assessment of a situation, it is 
believed that the white infestations can only 
be removed once people have decided to 
address the problem at hand in a spirit of 
empathy, instead of judging others in a harsh 
manner or unfairly apportioning blame. 
Overall, the symposium offered a venue where 
people came together to discuss innovative 
ways of assessing and addressing the 
presence of damaging microorganisms within 
the cave 
 
What became apparent during the symposium 
on Lascaux was the variety of highly 
specialized and advanced approaches taken to 
study and address the fungal and bacterial 
infestations within. On Thursday the 26th of 
February, 2009, contributing scientists 
focused on the probable roles that geological 
and climatic factors might have played in the 
spread of fungi and other microorganisms. 
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Although the investigations have been 
extremely thorough and exact, I am still not 
sure if the results from the different studies 
have ever been properly integrated or 
synthesized. It is only once changes in the 
surface topography and vegetation cover 
above the cave, the soil and rock structure 
and chemistry in-between, the ground water, 
air flow, temperature, and humidity recorded 
at more-or-less the same time have been 
brought together, that one can start proposing 
and checking hypotheses as to the most likely 
causal chains of events. 
 
But even of greater importance is to integrate 
and match the recorded results from the 
above-mentioned studies with the actual 
appearance, spread, and decline of 
microorganisms within particular sub-areas of 
the cave. As in the case of the geological and 
climatological studies concerning Lascaux 
Cave, the microbiological research results 
presented on Friday the 27th of February are 
based on cutting edge and world class 
methods and techniques. Once again, 
however, I was not sure if any attempt has 
been made to integrate the various results. 
Also, the likely effects that the conservators’ 
presence and activities within the cave might 
have had on the presence/absence of 
microorganisms are worth recording and 
integrating into an overall time-line synthesis, 
if it has not been done already. 
 
Perhaps some or all of the above steps have 
already been taken; I’ve included them in this 
informal report primarily as a query. In many 
ways Lascaux is a sacrificial cave simply 
because it is the first rock art cave where 
things happened and interventions were made. 
Based on the decisions and results at Lascaux, 
site managers and conservators at caves such 
as Altamira in northern Spain, to name but 
one instance, have gone to great lengths not 
to repeat certain mistakes thought to have 
been made at Lascaux. Nonetheless, each 
rock art site has unique characteristics and 
has to be managed and conserved 
accordingly, following the conservation 
principles of minimal intervention, repeatable 
treatment, and compatible use informed by 
the input and consensus of all concerned 
parties and interested stakeholders. 
 
 
 

LIGHTS AND SHADOWS ON THE  
CONSERVATION OF A ROCK ART CAVE: THE 
CASE OF LASCAUX CAVE* 
 
 

Fabiola Bastian and Claude 
Alabouvette 
 
INRA UMR Microbiologie du Sol et de 
l’Environnement BP 86510, F 21065 Dijon 
Cedex, France   
 
Abstract 
Lascaux Cave was discovered in 1940. Twenty years after the 
first microbial contamination signs appeared. In the last forty 
years the cave suffered different fungal invasions. Here we 
discuss the past, present and future of the cave and the 
conservation of its rock art paintings to the light of data obtained 
using culture -dependent and–independent methods.  

 
 
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 and Lavoie 2000, Kinkle and 
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 

                                                 
* Previously published in International Journal of 
Speleology, Special Issue Cave Microbiology, vol. 38 (1), 
pp. 55-60, (2009). 
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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 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 and 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 faecal 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 
(Figure 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 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. 
 

 
 

Figure 1. World-famous prehistoric paintings of the Lascaux Cave. The cave has been closed to the public since the sixties because of 
microbial damages. 
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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 and 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 and Bahn 
2005, Orial and 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.  
 
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 and 
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 and 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 
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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 Collembolla 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 and 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 (Figure 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 (Figure 3), since this 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).  
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Figure 2. Colonies of white fungus growing on the soil in 2001 
and identified as Fusarium solani. 

 
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. 
 

 
Figure 3. Applications of pads containing biocides on the wall in 
Lascaux Cave in 2001-2002. 

 
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 (Figure 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.  
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Figure 4. A wall in Lascaux Cave showing “black spots” produced by melanised fungi. 

 
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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News 
 

European Union Prize for Cultural Heritage / 
Europa Nostra Awards 2009 

 
GLOBAL CLIMATE CHANGE IMPACT ON 

BUILT HERITAGE AND CULTURAL 
LANDSCAPES: THE NOAH'S ARK PROJECT 

 
 
The Noah’s Ark Project on Friday 6 May in 
Taormina (Italy) was awarded by the Grand 
Prize 2009 in the Category Research by the 
European Commission and Europa Nostra. The 
Ceremony was honored by the presence of 
HRH The Infanta Doña Pilar de Borbón, 
President of Europa Nostra, and representative 
of the European Commissioner responsible for 
Education, Training, Culture and Youth. 
 
The justification of the award was: 
 
“The Jury commends this groundbreaking and 
high quality research for its ability to clearly 
demonstrate the risk that climate change 
poses to Europe’s cultural heritage.  The Jury 
hopes the Grand Prize to this project will lead 
to efforts to conduct a pan- European 
assessment that will be constantly updated”  
 

 
 
At the Ceremony was present Manuela 
Soares, Director of the Environment 
Directorate at the Directorate General for 
Research of the European Commission, under 
which the Noah's Ark project has been 
funded, the Project coordinator, Cristina 
Sabbioni, (National Research Council, CNR-
ISAC) and  Peter Brimblecombe (University of  
East Anglia, UK) and May Cassar (University 
College London, UK), representing the 
Partnership. 

 
The Noah’s Ark Project brought to the 
attention of the scientific research community 
the potential consequences of climate change 
for the conservation of cultural heritage, 
which includes many of the world’s most 
precious cultural sites, through the scientific 
research funded by the European Union 6th 
Framework Programme on Research (2004-
2007).   
 
Aptly recalling the efforts by the Biblical Noah, 
The Noah’s Ark Project determined the 
distinguishing features of the climate and its 
changes most critical to monuments, historic 
buildings and sites, and carriedy out 
groundbreaking research to describe and 
predict the future effects of climate change on 
Europe’s cultural heritage over the next 100 
years.  
 
The Noah’s Ark Project has developed a 
vulnerability atlas and strategic guidance to 
enable the adaptive management of 
monuments, historic buildings and sites that 
are forecast to be threatened by climate 
change and ensuing disasters.  
 

 
 
 
Noah’s Ark consortium:  
Coordinator: Cristina Sabbioni (CNR-ISAC), 
May Cassar (UCL), Peter Brimblecombe (UEA), 
Johan Tidblad (SCI), Roman Kozlowski (ICSC), 
Miloš F. Drdácký (ITAM), Cesareo Saiz-
Jimenez (IRNAS-CSIC), Terje Grøntoft (NILU), 
Ian Wainwright (EIG), Antonio Gómez Bolea 
(BMA). Back to index
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Course Announcement 
 

 
 

 
EUROPEAN UNIVERSITY CENTRE FOR 

CULTURAL HERITAGE 
 

EUROPEAN AND MEDITERRANEAN MAJOR 
HAZARDS AGREEMENT  

(EUR-OPA) 
 

European Master-Doctorate Course on 
 

VULNERABILITY OF CULTURAL HERITAGE  
TO CLIMATE CHANGE 

 
European Youth Centre, Council of Europe, 

Strasbourg 
 

7-11 September 2009 
 
Our urban landscape and built heritage are designed 
in line with the local climate specificities. As our 
cultural heritage as a whole is exposed to the 
atmosphere over long periods of time and therefore 
exposed to attack from pollutants and natural 
weathering processes, climate change is thus 
expected to have either catastrophic or subtle 
effects on Cultural Heritage materials and Cultural 
Landscapes.  
 
The main objective of the 2009 Strasbourg Course 
is to ensure that young European students are 
informed on these important issues and will be able 
to undertake future rigorous scientific monitoring of 
changes in relation with cultural heritage. 
 
The Programme of the Course will cover the 
following topics: 
 

 Past Climate Changes and their impact on 
Cultural Heritage 

 Heritage Climatology 
 Principles of Adaptation and Resilience of 

Cultural Heritage to Climate Change 
 Impact of Climate Change on building 

structures 
 Dose-Response and Damage Functions for 

materials in a Changing Climate 
 Modelling sea salts transport and 

deposition 
 Modelling wetting and drying of historic 

buildings 

 Impact of Climate Change on building 
materials: stone, mortar, modern glass, 
stained glass windows 

 Impact of Climate Change on organic 
materials 

 Biological impact of Climate Change on 
Cultural Heritage 

 Cultural landscapes and climate change 
 Sea level rise models and possible 

application to Cultural Heritage 
 Impact of Climate Change in Indoor 

Environment 
 The policies and action plans of 

International Organisations (Council of 
Europe, UNESCO, ICCROM) 

 
The Course is addressed to young people with 
scientific background from Europe or from member-
countries of the EUR-OPA Agreement (a high level 
of scientific background is required in order to 
facilitate the comprehension of the topics): 
physicists, chemists, geologists, biologists, 
engineers. Teaching will be delivered in English 
without any simultaneous interpretation. The 
lecturers belong to European Universities, National 
Research Centres and International Organisations.  
 
There is no registration fee. The Council of Europe 
will cover the travel and subsistence expenses for a 
limited number of participants after careful 
examination and selection of the applications.  
 
On request, students may benefit of 3 ECTS 
(European Credit Transfer System) after agreement 
with their own university.  
 
The course is addressed to European countries or 
member-countries of the EUR-OPA Agreement.  
 
Information and application forms:  
 

 European University Centre for Cultural 
Heritage, Villa Rufolo, I-84010-Ravello, 
Italy, http://www.univeur.org  
univeur@univeur.org  

 or Council of Europe, EUR-OPA, DG IV, F-
67075-Strasbourg Cedex, 
http://www.coe.int/europarisks 
europa.risk@coe.int  
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INVITATION TO CONTRIBUTE TO 
COALITION, A LEADING NEWSLETTER 
 
 
COALITION is an open-access electronic 
newsletter that provides a forum for scholarly 
research in Conservation of the Cultural 
Heritage, and related public policy issues. 
Scientists, conservators, restorers, who share 
an interest in cultural heritage studies, 
fostering an interdisciplinary communication 
between humanities, science and technology, 
are welcome. 
 
As well as research papers, the newsletter 
also publishes short communications, 
technical notes, description of activities in 
specialised centres, and book review articles.  
 

The editors welcome ideas for these, as well 
as proposals for guest edited special issues. 
 
As an official publication of the CSIC 
Thematic Network on Cultural Heritage, all full 
members receive COALITION as a member 
benefit. In addition, COALITION is distributed 
to circa 1,000 subscribers as pdf file, and 
later uploaded in the RTPHC web site. The 
distribution system ensures a wide 
dissemination of the papers. 
 
For further information, to view a sample 
copy, and for submission details, please visit 
the Journal’s web page at 
www.rtphc.csic.es/boletin.htm. 
 
All contributions should be submitted by e-
mail to coalition@irnase.csic.es  
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