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Literature on lichens and biodeterioration of stonework. IV*

R. PIERVITTORI, O. SALVADORI and D. ISOCRONO

Abstract: Each reference is numbered progressively and is characterized by publication details, a
brief abstract and one or more abbreviations referring to specific themes. The list is followed by an
Analytical Index of the different themes, showing the numbers corresponding to the appropriate
references in the Bibliographic list. A new topic (RV) has been introduced to identify the review
articles.
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treatment, pentachlorophenol, and a silicone water
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the presence or absence of lichens is studied by digital
imaging.]
26. Bratt, C. (1997) Lichens of Cabrillo National

Monument, Point Loma, San Diego. Bulletin of the
California Lichen Society 4: 1–2. LM [Fifty taxa are
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long-term history of the landscape.]
38. Dobson, F. S. (1997) Lichens on man-made

surfaces. Encouragement and Removal. British Lichen
Society, London. 4 unnumbered pages. LM [Leaflet for
popular distribution.]
39. Earland-Bennett, P. M. (1999) Colchester

walls. British Lichen Society Bulletin 85: 1–4. LM, BM
[A comparison is made between the lichen flora on a
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plants present on the cathedrals of Salamanca, Seville
and Toledo (Spain) with some ecological data.]
53. Garcia-Rowe, J. & Saiz-Jimenez, C. (1992) A

case study on the corrosion of stone by lichens: the
mosaics of the Roman remains of Italica. In Microbial
Corrosion, Proceedings of the 2nd EFC Workshop (C. A. C.
Sequeira & A. K. Tiller, eds): 275–281. London: The
Institute of Materials. LM, PR [Some tesserae of the
mosaics of Italica (Spain) colonized by Caloplaca
chalybaea, C. vitellinula, Lecidea deustata, and Verrucaria
nigrescens were studied. SEM observations showed
extensive corrosion in the form of pits and channels and
well developed etching attributed to the action of
hyphae.]
54. Gómez-Bolea, A., Arino, X., Balzarotti, R. &

Saiz-Jimenez, C. (1999) Surface treatment of stones:
consequences on lichenic colonization. In Of Microbes
and Art: the Role of Microbial Communities in the Degra-
dation and Protection of Cultural Heritage. Book of Ab-
stracts of the International Conference on Microbiology and
Conservation (ICMC ’99), Florence, June 1999: 233–237.
CM [The portico of the church of Scurano (Parma,
Italy) was examinated six years after restoration. A 2%
solution of benzalkonium chloride in water (50%) and
3% Algophase in trichloroethane were used as biocides,
followed by the application of a water-repellent. No
evidence of recent growth of, or recolonization by
cyanobacteria, algae and lichens was observed. A well-
developed community of lichens is present on the
untreated walls near the portico.]
55. Hale, M. E. (1975) Informe sobre el crecimiento

de liquenes en los monumentos de Copan, Honduras.
Yaxkin 1: 6–9. LM, CM [A study on the ecology
and cleaning techniques of lichens on Honduras
monuments.]
56. Holder, J. M., Wynn-Williams, D. D., Perez,

F. R. & Edwards, G. M. (2000) Raman spectroscopy
of pigments and oxalates in situ within epilithic lichens:
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Acarospora from the Antarctic and Mediterranean. New
Phytologist 145: 271–280. OX [Micro-spatial dis-
tribution of pigments in situ within intact viable thalli of
epilithic Acarospora chlorophana and A. oxytona, exposed
to contrasting environmental stress, are examined
by FT Raman spectroscopy. Their differential pro-
duction of calcium oxalate and modification of the
substratum during colonization and establishment are
shown.]
57. Kumar, R. & Kumar, A. V. (1999) Biodeterio-

ration of stone in tropical environments. In Research in
Conservation: 1–85. Los Angeles: The Getty Conser-
vation Institute. BM, CM, LM [A review of research
on biodeterioration of stone in tropical regions. Bac-
teria, algae, fungi, lichens, mosses and higher plants
found on historical buildings and monuments are
reported, and the resultant biodeterioration they cause
is discussed. Preventive and remedial methods are
considered.]
58. Lee, M. R. (1999) Organic-mineral interactions

studied by controlled pressure SEM. European
Microscopy and Analysis: 23–25. PR, PS [Rhizocarpon
geographicum encrusting granite at two localities was
studied. Its main weathering effect seems to be a
mechanical rather than a chemical process. Mineral
quartz and alkali feldspar (Na, K) embedded in the
lichen thallus are interpreted as particles of wind-borne
dust. Spherical particles occurring within intercellular
spaces are fly-ash derived from the burning of coal in a
power station.]
59. Lee, M. R. & Parson, I. (1999) Biomechanical

and biochemical weathering of lichen-encrusted
granite: textural controls on organic-mineral inter-
actions and deposition of silica-rich layers. Chemical
Geology 161: 385–397. PS, PB [The results of an
investigation of mechanisms and rates of biomechanical
and biochemical weathering of Devonian Shap Granite
(north-west England) by Rhizocarpon geographicum are
described. The fungal hyphae exploit pores along cleav-
ages and fractures at a rate of R0.002–0.003 mm yr�1.
Biotite, susceptible to biomechanical action, has been
fragmented in <122 years. Grains of biomechanically
weathered biotite show the clearest evidence of bio-
chemical weathering. No oxalate minerals were found
within the thallus. The role of R. geographicum in
biochemical weathering is limited to the leaching of
biotite and possibly etching of feldspar and deposition
of a silica-rich substance. This substance may well play
a protective role by covering mineral surfaces and
cementing intragranular pores, thus inhibiting access
of hyphae and acids into the interior of mineral
particles].
60. Marcos Laso, B. (2001) Biodiversidad y

colonización liquénica de algunos monumentos en la
ciudad de Salamanca (España). Botanica Complutensis
25: 93–102. BM [A list of 52 species from some
monuments in the city of Salamanca, Spain, is
presented.]
61. May, E., Lewis, F. J., Pereira, S., Tayler, S.,

Seaward, M. R. D. & Allsopp, D. (1993) Microbial
deterioration of building stone. Biodeterioration Abstracts
7(2): 109–123. BM, LM [Review of damage induced

by lichens, fungi, algae, and bacteria on building
materials with many references.]
62. McCarroll, D. & Viles, H. (1995) Rock-

weathering by the lichen Lecidea auriculata in an
artic-alpine environment. Earth Surface Processes and
Landforms 20: 199–206. PS [A series of moraine ridges
of different age has been used to examine changes in the
influence of Lecidea auriculata on rock weathering
through time. SEM observations demonstrated that this
crustose lichen penetrates rock surfaces, and detaches,
incorporates and expels flakes of rock.]
63. Monte, M. & Nichi, D. (1997) Effects of two

biocides in the elimination of lichens from stone monu-
ments: preliminary findings. Science and Technology for
Cultural Heritage 6: 209–216. CM [The effects of
Metatin N5810/101, Velpar and Diuron were tested on
some lichen species growing on the cathedral of Orvieto
(Italy). The vitality of lichens was evaluated by direct
observations of colour and shape of thalli, and exam-
ination of sections in epifluorescence microscopy.
Biocides are very effective on Haematomma ochroleucum.
They have less impact on Diploicia canescens and
Caloplaca aurantia while Dirina massiliensis and Lecanora
sulphurea are resistant to these substances.]
64. Mottershead, D. & Lucas, G. (2000) The role

of lichens in inhibiting erosion of a soluble rock.
Lichenologist 32: 601–609. PR, PC [The protective role
of lichens on exposed gypsum surfaces is discussed.
Clear evidence of substratum protection from
chemically aggressive rainwater is provided.]
65. Nimis, P. L. & Salvadori, O. (1997) La crescita

dei licheni sui monumenti di un parco. Uno studio
pilota a Villa Manin. In Il restauro delle sculture lapidee nel
parco di villa Manin a Passariano. Il viale delle Erme.
Restauro nel Friuli-Venezia Giulia. Quaderni di studi e
ricerche del Centro regionale di restauro dei beni culturali 4:
109–142. LM, CM [The lichen vegetation of a lime-
stone statue at Villa Manin (north-east Italy) has been
studied. Five different community-types were detected
and the species described; evapo-transpiration and
eutrophication are the two most important factors
determining the variation of lichen vegetation on the
statue. Four biocides (Algophase, Lichenicida 264,
Metatin N58-10/101, Neo Desogen) were tested in situ
on Caloplaca flavescens, Aspicilia radiosa and a mixed
population of cyanobacteria and green algae. The effec-
tiveness of these products was evaluated by examining
lichen sections and microorganisms using fluorescence
microscopy. Change of stone colours induced by treat-
ments were measured by a colorimeter.]
66. Nimis, P. L. (1999) Opere d’arte e di storia:

ecosistemi minacciati. In Frontiere della Vita, Enciclo-
pedia Italiana Treccani IV: 531–541. BM, CM, LM
[Biodeterioration of cultural heritage and restoration
ecology are discussed. Deterioration of indoor, outdoor
and submerged artworks, and organisms involved, are
described. The paper evaluates preventive and remedial
treatments but also emphasises the importance of some
archaeological sites for biodiversity conservation.]
67. Nimis, P.L. (2001) Artistic and historical monu-

ments: threatened ecosystems. In Frontiers of Life, Part
2: Discovery and Spoilation of the Biosphere, Sect. II: Man
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and the Environment: 557–569. San Diego: Academic
Press. BM, CM, LM [Biodeterioration of cultural
heritage and restoration ecology are discussed. Deterio-
ration of indoor, outdoor and submerged artworks, and
the organisms involved, are described. The paper evalu-
ates of preventive and remedial treatments but also
emphasises the importance of some archaeological areas
for biodiversity conservation.]
68. Nimis, P. L., Seaward, M. R. D., Ariño, X.

& Barreno, E. (1998) Lichen-induced chromatic
changes on monuments: a case-study on the Roman
amphitheatre of Italica (S. Spain). Plant Biosystems 132:
53–61. LM [In the Roman amphitheatre of Italica (S.
Spain) the relationship between compositional variation
of the vegetation, some ecological gradients and the
chromatic modifications of the stone have been ana-
lyzed by multivariate analysis. The data processed by an
automatic mapping program produce the first example
of a model of lichen-induced chromatic changes.]
69. Nishiura, T. & Ebisawa, T. (1993) Conser-

vation of carved natural stone under extremely severe
conditions on the top of a high mountain. Elimination
of lichens and protective treatment. In Biodeterioration of
Cultural Property 2, Proceedings of the 2nd International
Conference, October 5–8, 1992, Pacifico Yokohama, Japan
(K. Toishi, H. Arai, T. Kenjo & K. Yamano, eds):
506–511. Tokyo: International Communications
Specialists. CM [Three biocides (benzalkonium
chloride, sodium hypochlorite and formaldehyde) were
used to eliminate lichens covering inscriptions on stone
(porphyrite). Cracks were filled with synthetic resins
and an organo-silane solution was used to protect the
stone. Four years after the treatment no lichen was
found.]
70. Nishiura, T., Okabe, M. & Kuchitsu, N.

(1994) Study on the conservation treatment of Irimizu
Sanjusan Kannon—cleaning and protective treatment
of a marble Buddha image. Hozon kagaku 33: 67–72.
CM [In Japanese. Three cleaning and protective treat-
ments were carried out on a group of 32 marble Buddha
statues.]
71. Not R. & Lo Campo P. (1995) Controllo dei

biodeteriogeni in alcuni manufatti storico-artistici di
Villa Giulia (Palermo) mediante impiego di biocidi.
Quaderni di Botanica ambientale ed Applicata 6: 189–
199. CM [The results of tests with biocides carried out
against a variety of organisms on different lithotypes
are discussed and the most suitable control methods
suggested.]
72. Piervittori, R. & Caramiello, R. (2002) Impor-

tance of biological elements in conservation of stone-
work: a case study on a Romanesque church
(Cortazzone, N. Italy). In Proceedings 3rd International
Congress on Science and Technology for the Safeguard of
Cultural Heritage in the Mediterranean Basin (A.
Guarino, ed.): 891–894. Spain: Universidad de Alcalá.
BM, CM [A case study under way for investigating
biodeterioration on a church of Piedmont (Italy) is
reported.]
73. Piervittori, R. & Roccardi, A. (1998) Licheni.

In Aerobiologia e Beni culturali. Metodologie e tecniche di
misura (P. Mandrioli & G. Caneva, eds): 179–183.

Fiesole, Firenze: Nardini Editore. BM [Lichen vegeta-
tive propagules and spores have never been considered
in the analysis of airborne material. The authors suggest
adapting techniques that have been used for sampling
other aerodiffused biological particles to include lichen
components in studies of airborne material.]
74. Piervittori, R., Salvadori, O. & Isocrono, D.

(1998) Literature on lichens and biodeterioration of
stonework III. Lichenologist 30: 263–277. RV [A biblio-
graphic review of 96 papers devoted to lichens and
biodeterioration of stonework. The list is accompanied
by an analytical index in which articles are classified (by
article number) according to topic.]
75. Pinna, D. & Salvadori, O. (1999) Biological

growth on Italian monuments restored with organic or
carbonatic compounds. In Of Microbes and Art: the Role
of Microbial Communities in the Degradation and Protec-
tion of Cultural Heritage. Book of Abstracts of the Inter-
national Conference on Microbiology and Conservation
(ICMC ’99), Florence, June 1999: 149–154. LM [Some
cases of biological growth occurring on several Italian
monuments after treatment with resins are presented.
An Etruscan altar of Pieve a Socana (Arezzo, Italy)
treated with an acrylic resin shows lichen growth.
Caloplaca flavovirescens and Verrucaria nigrescens are the
most common species. The lichens penetrate among
clasts and their hyphae adhere to the resin and, some-
times, fill stone microcavities covered with resins.]
76. Pinna, D. & Salvadori, O. (2000) Endolithic

lichens and conservation: an underestimated question.
In Proceedings of 9th International Congress on Deterior-
ation and Conservation of Stone, Venice (V. Fassina, ed.):
513–519. Amsterdam: Elsevier. EP, LM, OX [Endo-
lithic lichens from the Sanctuary of Macereto (Central
Italy) and Trieste Karst (NE, Italy) were studied by
different techniques. Their thalli show several features
in common but some species also showed peculiar
characteristics. The thallus organization of Caloplaca
sp. from Macereto differed considerably from the other
species. None of the species examined produced
calcium oxalate.]
77. Pinna, D., Biscontin, G. & Driussi, G. (1995)

La pulitura e il controllo della crescita biologica sui
materiali lapidei. In La pulitura delle superfici
dell’architettura. Atti del convegno di studi, Bressanone,
Scienza e beni culturali 11: 619–624. Padova: Libreria
Progetto Editore. CM [Control of biological growth is
often grouped together with cleaning measures and can
be carried out by selective or non-selective methods. If
the cleaning measures are non-specific for biodeterio-
gen treatment, they can promote an increase in micro-
biological growth. Control of biodeterioration should
consist of specific treatments carried out after analyses
which assess the nature of biodeteriogens and the
damage to the surfaces.]
78. Pinna, D., Salvadori, O. & Tretiach, M.

(1998) An anatomical investigation of calcicolous
endolithic lichens from the Trieste karst (NE Italy).
Plant Biosystems 132: 183–195. EP, SE, OX [The
anatomy of five endolithic lichens (Acrocordia conoidea,
Petractis clausa, Rinodina immersa, Verrucaria
baldensis, and V. marmorea) from the Trieste Karst was
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thoroughly investigated. Samples were examined by
histological and mineralogical techniques, and by SEM.
Biomineralization products were sought by XRD,
microXRD, and FTIR. Thallus development is rela-
tively constant within populations of a single species,
but differs considerably among species; several features
peculiar to each species were revealed. Calcium oxalate
was not detected. Some terms currently used to
describe the anatomy of endolithic lichens are critically
discussed, and the new terms ‘lithocortex’ and ‘pseudo-
medulla’ are introduced.]
79. Prieto, B., Edwards, H. G. M. & Seaward, M.

R. D. (2000) A Fourier transform-Raman spectro-
scopic study of lichen strategies on granite monuments.
Geomicrobiology Journal 17: 55–60. PB, OX [A spectro-
scopic investigation carried out on samples of Lecidea
fuscoatra, Porpidia cinereoatra and P. macrocarpa, grow-
ing in the same environmental conditions on granitic
monuments. Porpidia cinereoatra was the most aggres-
sive, being able to deteriorate granite by both chemical
and physical weathering processes. Physical deterior-
ation mainly affects quartz and feldspar, whereas plagio-
clase is seriously affected by chemical deterioration that
gives rise to the neoformation of calcium oxalate and
gypsum.]
80. Prieto, B., Rivas, M. T., Silva, B. M. & Lopez

de Silanes, M. E. (1996) Ecological characteristics of
lichens colonizing granite monuments in Galicia
(north-west Spain). In Degradation and Conservation of
Granitic Rocks in Monuments, Proceedings of the EC
Workshop (M. A. Vicente, J. Delgado-Rodrigues & J.
Acevedo, eds): 295–300. Protection and Conservation
of the European Cultural Heritage, Research Report
No. 5. SE [86 taxa were identified from five dolmens
and 20 rural churches in Spain.]
81. Prieto, B., Rivas, M. T. & Silva, B. M. (1996)

Effectiveness of biocide treatments on granite. In
Degradation and Conservation of Granitic Rocks in
Monuments, Proceedings of the EC Workshop (M. A.
Vicente, J. Delgado-Rodrigues & J. Acevedo, eds):
361–366. Protection and Conservation of the European
Cultural Heritage, Research Report No. 5. CM [Four
commercial biocides (Neodesogen, Paragon Invisible,
Hyvar-X and Sanit-S), the cleaning agent B57 and two
months of darkness were tested on granite colonized by
lichens (genera Parmelia, Lasallia, Pertusaria, Rhizo-
carpon and Aspicilia) and algae. Neodesogen and B57
were the most effective, even after one year, and did not
cause appreciable modification to the stone surface.
Paragon Invisible was ineffective and caused a remark-
able colour change.]
82. Prieto, B., Rivas, T. & Silva, B. (1999)

Environmental factors affecting the distribution of li-
chens on granitic monuments in the Iberian Peninsula.
Lichenologist 31: 291–305. LM, SE, PS [The phyto-
sociology of lichens colonizing 20 churches and 7
dolmens in NW Spain (Galicia) and in central Portugal
was studied. A total of 78 and 30 species were identified
from dolmens and churches, respectively. The sites
clustered clearly into four easily defined groups. The
most important factors influencing lichen growth are
the class of structure (church or dolmen), pH, avail-

ability of nitrogen and moisture. Twenty one species
considered representative of lichen colonization on
granitic monuments are listed and considered poten-
tially useful targets for testing the effectiveness of
biocides.]
83. Prieto, B., Rivas, T. & Silva, B. (2002) Altera-

cion del granito por accion de los liquenes. Aspectos
biogeofisicos y biogeoquimicos. In Biodeterioro de Monu-
mentos de Iberoamerica (C. Saiz-Jimenez & H. A. Videla,
eds): 125–147. Spain: CYTED. LM, OX, PB, PC,
PR, PS [Biogeophysical and biogeochemical aspects of
lichen action on granite are analysed on the basis of
results of a study of more than 25 granite monuments
in Galicia. Data are compared with those of other
authors.]
84. Prieto, B., Seaward, M. R. D., Edwards, H.

G. M., Rivas, T. & Silva, B. (1999) Biodeterioration
of granite monuments by Ochrolechia parella (L.) Mass.:
an FT Raman spectroscopic study. Biospectroscopy 5:
53–59. OX [Production of calcium oxalate by
Ochrolechia parella growing on granite rock from ancient
monuments in and around Santiago de Compostela
(NW Spain) were analyzed by FT Raman spectroscopy.
The spectroscopic investigation shows that this lichen is
an aggressive colonizer that can cause physico-chemical
disturbances to granite, which partly depend on
humidity conditions.]
85. Prieto, B., Seaward, M. R. D., Edwards, H.

G. M., Rivas, T. & Silva, B. (1999) A Fourier
transform-Raman spectroscopic study of gypsum neo-
formation by lichens growing on granitic rocks. Spectro-
chimica Acta, Part A 55: 211–217. PC [The ability of
lichens to catalyse the formation of gypsum from granite
in the presence of low SO4

2� has been demonstrated
for various lichen species colonizing monuments in
Galicia (NW Spain).]
86. Prieto, B., Silva, B., Rivas, T., Wierzchos,

J. & Ascaso, C. (1997) Mineralogical transformation
and neoformation in granite caused by the lichens
Tephromela atra and Ochrolechia parella. International
Biodeterioration and Biodegradation 40: 193–199. LM,
OX, PC, PR, PS [Micromorphological, mineralogi-
cal and chemical effects of Tephromela atra and Och-
rolechia parella on the granite used in the construction
of the Toxosoutos Monastery (Noia, north-west
Spain) were studied using various analytical tech-
niques. The lichens caused physical weathering of
feldspar, biotite, and muscovite and entrapped the
loosened mineral grains in their thalli. A significant
depletion of potassium from biotite and its transform-
ation into hydroxyaluminium-vermiculite, together
with a neoformation of whewellite (in O. parella) and
of calcium carbonate (in T. atra) are the most signifi-
cant chemical weathering induced in granite by these
lichens. Calcite formation is attributed to high pH
conditions in the thalli, due to the release of sodium
from plagioclase during weathering.]
87. Prudon, T., Labine, C. & Flaherty, C.

(1980) Removing stains from masonry. In The Hold-
house Journal Compendium: 97–98. Woodstock: The
Overlook Press. CM [The importance of selecting the
appropriate solvent in cleaning stained masonry is
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stressed. Techniques for the removal of different
stains (iron, lichens, copper, oil, asphalt and tar,
manganese, vanadium), with the recipes of the various
poultices, are described.]
88. Puertas, F., Blanco, M. T., Palomo, A.,

Ortega-Calvo, J. J., Ariño, X., & Saiz-Jimenez,
C. (1995) Characterization of mortar from Italica
mosaics: causes of deterioration. In Proceedings of the
5th Conference of the International Committee for the
Conservation of Mosaics, Conimbriga: 197–202. LM
[The Roman mortars and present-day mortars used
for repairs from the mosaics of Italica (Spain) were
analysed and completely characterized. The ancient
surfaces were colonized by lichens, cyanobacterial bio-
films and mosses. Lichens usually completely cover
the mortars giving them a resistance to external
aggression such as rain, wind, and erosion. On the
other hand moss rhizoids disaggregate the mortar.]
89. Puertas, F., Blanco-Varela, M. T., Palomo,

A., Ariño, X., Hoyos, M. & Saiz-Jimenez, C.
(1995) Causes and forms of decay of stuccos and
concretes from the Roman city of Baelo Claudia
(Southern Spain). In Architectural Studies, Materials
and Analysis (C. A. Brebbia & B. Leftheris, eds)
Structural Studies of Historical Buildings IV, 1: 171–
178. Computational Mechanics Publications. BM,
LM [The stuccos and concretes from the Roman city
of Baelo Claudia (South Spain) have been studied.
XRD, ion chromatography, petrographic and SEM-
EDX analyses were used to characterize the materials.
Sunny and dry stucco surfaces supported xerophilous
and nitrophilous lichens, while algae and cyano-
bacteria are restricted to cryptoendolithic growth.
The surfaces of sheltered stuccos are dominated by
communities of algae and cyanobacteria.]
90. Raimondo F. M., Aiello P., Campisi P.,

Geraci A., Mannino M. & Merlo F. (1995) Con-
tributo alla conoscenza dei biodeteriogeni dei materiali
lapidei in ambito urbano. Quaderni di Botanica ambi-
entale ed Applicata 6: 143–159. BM [Two historic
buildings, located in the urban area of Palermo (S
Italy), were studied in order to examine the biodete-
riogenic agents and to find possible environmental
bioindicators.]
91. Robert, M., Vicente Hernandez, M. A.,

Molina Ballesteros, E. & Rives Arnau, V. (1993)
The role of biological factors in the degradation of
stone and monuments. Alteracion de granitos y rocas
afines, empleados como materiales de construccion:
deterioro de monumentos historicos. In Actas del
workshop, Consejo Superior de Investigaciones Cientificas,
Avila, Spain: 103–115. Madrid: Consejo Superior de
Investigaciones Cientificas. BM [The role of various
organisms (bacteria, algae, fungi, lichens, roots) in
rock weathering or monument biodeterioration is
analyzed. All these organisms can establish very active
weathering microsystems around them through several
reactions: acid secretion, complex formation, and
oxido-reductions. They induce both dissolution and
precipitation processes.]
92. Roccardi, A. & Piervittori, R. (1998) The

aerodiffused lichen-component: problems and

methods. In Abstract 6th International Congress on
Aerobiology, Perugia, 31/8–5/9 1998: 268. BM [Lichen
propagules (both sexual and vegetative) have been
examined, in an innovative way, as one of the possible
biological components dispersed in the air.]
93. Rodriguez-Hidalgo, J. M., Garcia-Rowe, J.

& Saiz-Jimenez, C. (1994) Mosaicos de Italica:
ejemplos de deterioro. In Mosaicos 5, Conservacion in
situ, Palencia 1990, Excma: 293–303. Palencia:
Diputacion Provincial. BM, LM [Four mosaics in the
Roman city of Italica (Spain) have been studied. The
deterioration included the loss of tesserae due to the
disintegration of mortars, poor adhesion between
the different strata, chemical attack of vitreous
tesserae, and colonization by lichens, mosses and
vascular plants.]
94. Romao, P., Pridêncio, M. I., Trindade, M.

J., Nasraoui, M., Gouveia, M. A., Figueiredo,
M. O. & Silva, T. (2000) The Sao Sebastiao
Church of Terceira island (Azores, Portugal)—
Characterization of the stones and their biological
colonisation. In Proceedings of 9th International Congress
on Deterioration and Conservation of Stone, Venice (V.
Fassina, ed.): 493–497. Amsterdam: Elsevier. BM,
LM [The stone (tuff and trachyte) of São Sebastião
Church (Azores, Portugal) was characterized by
chemical and mineralogical analyses. Twenty four
species of lichens were recognized and their ecological
variability discussed. Bacteria, fungi, algae and mosses
were also present but less frequent.]
95. Rooney-Dawn, F. (1994) Cambodia: the con-

dition of the temples at Angkor in 1993. Newsletter
(Oriental Ceramic Society) 2: 8–9. BM [The poor
condition of the temples has resulted from exposure
to monsoon rains, with the consequent overgrowth
of lichens, moss, algae, and tree roots, as well as
from neglect, especially with regard to the unstable
structures, from warfare, and from theft.]
96. Rosato, V. G., Traversa, L. & Cabello, M.

N. (2000) The action of Caloplaca citrina on concrete
surfaces: a preliminary study. In Proceedings of the 9th
International Congress on Deterioration and Conservation
of Stone (V. Fassina, ed): 507–511. Amsterdam:
Elsevier. PC, OX [Chemical action of Caloplaca
citrina and the modifications induced in the sub-
stratum composition are examined.]
97. Russell, N. C., Edwards, H. G. M. &

Wynn-Williams, D. D. (1998) FT-Raman spectro-
scopic analysis of endolithic microbial communities
from Beacon sandstone in Victoria Land, Antarctica.
Antarctic Science 10: 63–74. PC, OX [Antarctic
cryptoendolithic microbial communities, including
hyaline lichen zones, are examined by Laser-based
Fourier-Transform Raman spectroscopy (FTRS) to
identify in situ the compounds of ecophysiological
significance.]
98. Saiz-Jimenez, C. & Ariño, X. (1995)

Colonizacion biologica y deterioro de morteros por
organismos fototrofos. Materiales de Construccion
45(240): 5–16. BM, LM [Mortars of the Roman
towns of Italica and Baelo Claudia (Spain) have
been colonized by many phototrophic organisms.

2004 Literature on stonework biodeterioration IV—Piervittori et al. 153

https://doi.org/10.1017/S0024282904014136 Published online by Cambridge University Press

https://doi.org/10.1017/S0024282904014136


Cyanobacteria, algae, lichens, mosses and vascular
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