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�
Modern microscopical and chemical techniques
have confirmed that many lichen species
contribute to the deterioration of a wide range

of materials, particularly rocks and stonework, as a result
of physical and/or chemical processes. In the past,
attention was drawn to the possible effect of dissolved
carbon dioxide, derived from lichen respiration,
attacking the substratum to produce pits and channels
for easier penetration of hyphae, with attendant
loosening of mineral particles and their incorporation
into lichen tissue. Such effects, although important on a
geological timescale, have so far been considered to be
minimal in terms of the life of stone buildings and
monuments. Many lichen species create microclimatic
effects at the thallus/substratum interface, particularly
in terms of water retention, which undoubtedly lead 
to mechanical damage to stonework on a short timescale 
of 10 or so years. Various crustose and squamulose 
lichens are implicated, their aggressive behaviour no
doubt promoted by particular man-made environmental
conditions. Furthermore, forces generated by climatic
wetting and drying of lichen thalli cause them to 
expand and contract in conjunction with the chemical
breakdown of substrata by lichen acids.

Lichen acids have a relatively low solubility, but they
are effective chelators, forming metal complexes with
silicates, etc., derived from the substratum. X-ray
powder diffraction and transmission electron microscopy
have clearly demonstrated the presence of characteristic
alteration products at the interface between rocks and
various lichens. Experiments involving pure lichen acids
or lichen fragments incubated with different types of
rock have confirmed these observations.

� Destructive role of oxalates
Oxalic acid secreted by the mycobiont is extremely
soluble in water and acts as a chelator of metal ions, and
oxalates formed at the thallus/substratum interface are
closely related to the chemical composition of the rock;
thus species growing on serpentinite, mainly composed
of magnesium silicate, form magnesium oxalate
dihydrate at the interface. Other alteration products have
been shown to be incorporated into the thallus and/or
precipitated at the lichen/substratum interface, such as
manganese oxalate and copper oxalate on manganese-
rich and copper-rich rocks, respectively. However, the
commonest oxalate found in lichens is that of calcium,
the thallial content ranging from 1 to 50 % according to
the species and its underlying substratum. Calcium
oxalate exists in two hydrated forms, monoclinic
monohydrate (whewellite) and tetragonal dihydrate
(weddellite). The monohydrate form is the major
biodeterioration product and the ratio between this and
the dihydrate form is dependent on various environ-
mental factors. The production of calcium oxalate
dihydrate by thalli, which is a measure of a lichen’s

capacity to biodeteriorate its substratum, is related to
microclimatic conditions such as temperature and
humidity of the air as well as the chemical and physical
nature of the substratum. It would appear that lichens
growing on humid sites produce calcium oxalate mono-
hydrate, whereas those from drier sites produce a mixture
of the monohydrate and dihydrate.

Many lichens known to contain calcium oxalate
undoubtedly cause extensive corrosion substrata and
they are capable of producing it on a wide variety of
substrata: Dirina massiliensis forma sorediata, for example,
has the capacity to produce encrustations of various
thicknesses, with different concentrations of calcium
oxalate and a variable chemistry, derived from the
following substrata: gypsum/calcite underlying a fresco,
stucco of a church wall, a Roman brick wall, a lead/glass
interface of a church window, mortar and acidic stone;
the effectiveness of this lichen to degrade its particular
substratum being determined by various environmental
conditions. The ability of lichens growing on non-
calcareous substrata to produce significant levels of
calcium oxalate is particularly interesting: FT-Raman
spectroscopic studies of lichens on granitic monuments
have shown that some species are capable of producing
calcium oxalate, significant levels of calcium for its
production being derived from the atmosphere or from
leachates of neighbouring substrata.

The dramatic spread of D. massiliensis forma sorediata
in Europe, more particularly England, in recent years 

Lichens, agents of monumental
destruction
Mark R. D. Seaward

Lichens are a
familiar sight on
buildings and trees.
These symbiotic
associations of
fungi and algae or
cyanobacteria are
generally perceived
to be harmless to
the environment,
but as Mark
Seaward describes,
they can attack
stonework,
resulting in damage
to monuments,
churches and other
structures.

RIGHT:
Fig. 1. Renaissance 
frescoes attacked by the lichen 
D. massiliensis forma sorediata.
Note that in the central area,
paintwork incorporated into the
lichen thalli has been removed by
light brushing adopted in
conservation work.
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has been facilitated by new environmental regimes,
including qualitative changes in air pollution, which
have allowed it to dominate substrata in the wake of the
rapid disappearance of other more pollution-sensitive
species. It is by no means the only organism implicated in
short-term deterioration processes: other lichens, and
indeed other micro-organisms, capable of adapting to
man-made disturbances can be equally destructive;
recent changes have been conducive to increasingly
detrimental invasion by certain aggressive lichens, 
such as nitrophilous species as a consequence of
environmental hypertrophication. Such evidence could
help to explain why it is that monuments, undamaged
for many centuries, appear in recent years to be
vulnerable to lichen attack, in addition to the known
problems resulting from air pollution.

� Frescoes and churches under attack
Palazzo Farnese, a 16th century mansion at Caprarola,
Italy, features a circular courtyard surrounded by cloisters
on ground and first floor levels, the inner walls of which
bear contemporary frescoes. The water-based paintwork
had biodeteriorated and examination revealed that a
single lichen species, D. massiliensis forma sorediata, was
responsible for the disfigurement (Fig. 1). This gave great
cause for concern, the attack being very pronounced in
many places, and clearly demonstrating the predilection
of this lichen for the brown and yellow pigments, rather
than the red pigment which contained one or more
metals antagonistic to its growth. Using FT-Raman
spectroscopy at Bradford University (under the direction
of Professor H.G.M. Edwards), it was shown that this
lichen produced calcium oxalate encrustations at the
thallus/fresco interface up to 18 mm in thickness in less
than 12 years. A 60 % obliteration of the fresco by this
lichen, a frequent occurrence, generated more than 1 kg
of calcium oxalate over a similar time period; further-
more, with the incorporation of calcite and gypsum into
the thallus encrustation, it is likely that more than four
times this amount of the underlying substratum has 
been chemically and physically disturbed.

The short-term biodeteriorative capacity of this lichen
is not specific to the above-mentioned frescoes; detailed
studies of it on exterior stonework of English churches, as
demonstrated by a 14th century church at Fiskerton in
Lincolnshire, have shown its similarly destructive
nature. In the past, encrustations generated by this, and
no doubt other lichen species, have been misinterpreted
as the remaining traces of a whitish coating or rendering
applied as a decorative or protective surface in a 19th or
20th century restoration programme (Fig. 2). It is now
clear that this is not so, since these renderings consist
essentially of calcium oxalate and remains of the thalli
producing them. The encrustations are usually more
than 0.5 mm in thickness and cover considerable areas of
many church walls throughout England.

� Aesthetic
considerations
The presence of lichens 
on stonework is variously
interpreted by the lay
public and by specialists in
different disciplines, whose attitudes are inevitably
coloured by differing aesthetic and practical consider-
ations. The lichenologist regards the appearance of a
lichen mosaic as a natural feature of ancient monuments,
finding the diversity of species present aesthetically
pleasing, besides being both taxonomically and
ecologically interesting. There is a direct correlation
between the composition of the flora and the passage of
time, the different lichen communities established on
buildings and monuments reflecting the various
materials employed in their construction and often
correlating to the chronology of successive building
phases, therefore assisting in archaeological inter-
pretation. Furthermore, since lichens are exceedingly
sensitive to environmental change, the diversity of the
flora can be a reliable indication of the level of air
pollution which in itself is one of the most serious factors
in the deterioration of ancient monuments. It is ironic
that in a bland, homogenous urban environment, where
a lichen mosaic would be a welcome relief to the eye, the
higher levels of air pollution prevent its establishment,
only allowing the existence of a monotonous flora

LEFT AND BELOW:
Fig. 2. Window surround of a
14th century church at Fiskerton,
Lincolnshire, showing extensive
calcium oxalate encrustation. 
The inset shows a close-up of the
encrustation demonstrating the
role of D. massiliensis forma
sorediata in its formation.
COURTESY M.R.D. SEAWARD
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composed of a few algae and lichen crusts. It is pleasing to
note that the undoubted improvement in air quality of
many cities in recent years is reflected in the continued
recovery of their lichen floras.

On the other hand, fine art specialists concerned 
with the conservation of ancient monuments view the
encroachment of lichens from a very different stand-
point: inscriptions and fine details may be obscured, and,
depending on the nature of the substratum, and in some
cases the ambient conditions, serious physical damage is
often caused through lichen-induced biodeterioration.
The lichen floras vary considerably according to the
spatial differences in the chemical properties of stone
surfaces, the micro-environmental conditions and the
overall influence of air pollution.

� Monument conservation
Clearly, it is necessary to determine which species are
disfiguring but intrinsically harmless, and which cause
actual physical damage. Baseline work is a prerequisite
to research designed to establish the nature of the
interface between problematic lichens and their
substrata, and field trials intended to test the relative
effectiveness of differing techniques and treatments 
for the removal and discouragement of lichens from
stonework. Any treatment should be selected with care,
since although immediately effective, the long-term
effects are likely to be deleterious. Mechanical methods
involving scraping and brushing, usually followed by
washing, are tedious, damaging and often ineffective.
Absorbed water may adversely affect the monument,
particularly under fluctuating temperature regimes;
although penetration can be minimized by the use of
water repellents, entrapped water and rising damp can
nevertheless prove highly destructive.

A wide range of biocides have been tried, many of
which have since been rejected due to side effects such as
crystallization of soluble salts that discolour stonework
or that promote secondary biological growths more
unsightly than those removed. Any decision to remove
lichens from stonework must not be undertaken without
careful consideration of the wider implications of long-
term effects. Unfortunately, it has to be acknowledged
that the problem is under-researched and much of the
work published to date is of a largely empirical nature
which has yet to be adequately substantiated by long-
term experimentation. It remains for future generations
to judge the relative effectiveness of the various
conservation techniques currently employed.

� Mark Seaward is Professor of Environmental
Biology in the Department of Environmental
Science, University of Bradford, Bradford 
BD7 1DP, UK.
email m.r.d.seaward@bradford.ac.uk

September 2002 saw the start of the second year of 
Basic Practical Microbiologyone-day courses for school
science teachers and technicians. This year the SGM has
been extremely fortunate in being able to run its courses out
of the university laboratories of society members. It has
certainly made it much easier to organize the workshops and
the teachers and technicians have appreciated being able to
use dedicated microbiology laboratories. It is hoped that this
partnership approach will continue, giving universities the
opportunity to showcase their facilities to advisers to
potential future students.
Course leaders John Schollar and John Grainger have
travelled far and wide to deliver courses at the University of
Reading, University of Leeds, University of Hertfordshire, The
Queen’s University of Belfast and Exeter University. The
courses have continued to be immensely popular and 133
teachers/technicians have been successfully trained.
The aims of the programme are to instill confidence and to
support teachers and technicians in carrying out all aspects
of practical microbiology safely and at the appropriate level
within their laboratory. Feedback has shown that over 75 % 
of those who attended the course have found it extremely
useful and 92 % are now confident to go back and teach/
provide support for practical microbiology in their school or
college.
This comment from a teacher in Belfast highlights the
positive reaction of trainees. ‘An excellent course from the
first activity to the last. John and John were excellent in their
delivery of information and practical hints. This is the best
science/education-related course I have attended. I would
be delighted to attend a follow up to this course.’
The outlook for microbiology in schools is bright with around
three quarters of delegates teaching the microbiology/
biotechnology option at A level. It is hoped that this will have 
a knock-on affect and inspire more students to study
microbiology at university. Certainly the volume of practical
enquires received in the External Relations Office has risen
sharply since the courses began, showing that more
microbiology laboratory work is being carried out in schools.
Arrangements are currently being made for the series of
courses that will take place in 2003/2004. Full details will be
posted on www.microbiologyonline.org.ukas soon
as they are available. Further information about the course
content can already been seen there.
� Dariel Burdass, Education Projects Administrator

Further reading
For background information
on lichens, see the article by
David Hill ‘Lichens and co-
ordination of the symbionts’
which appeared in the August
2001 issue of Microbiology
Today, pp. 124–127.
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ABOVE: John Schollar demonstrates to teachers at an SGM Basic Practical
Microbiology course. PHOTO D, BURDASS


