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ABSTRACT- Lichenometry as a method for Holocene dating: limits in its applications and reliability - || Quaternario, 6(1), 1993,
77-86 - Guidelines of the lichenometric method applied to studies of Holocene absolute age determinations are traced on a
bibliographic basis. Particular care is given to the ltalian slope of the Alps. The method is critically revisited and the necessity of
considering various biotic and abiotic factors influencing lichens' growth and reliability of measures is pointed out. A list of such factors
with bibliographic references is proposed. Limits of this method and its applications are stressed.

RIASSUNTO - La lichenometria come metodo di datazione per I'Olocene: limiti di applicazione e affidabilita - || Quaternario, (1),
19983, 77-86 - Vengono tracciate su base bibliografica le linee essenziali del metodo lichenometrico applicato a studi di datazione
assoluta di fenomeni olocenici, soffermandosi, in particolare, sulla situazione del versante italiano dell'arco alpino. Si procede alla
revisione critica del metodo, da cui deriva la necessita di considerare numerosi fattori biotici e abiotici che in vario modo influenzano la
crescita dei licheni e I'affidabilitd delle misure in campo. Viene proposto un elenco dettagliato di tali fattori corredato da specifici

riferimenti bibliografici. Si evidenziano infine i limiti del metodo e le sue attuali possibilita applicative.
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1. INTRODUCTION

The validity of lichens as a biological tool for
qualitative and quantitative evaluations of natural and
anthropic environments is widely documented. Tests have
shown that it is possible to use lichens as bioindicators
(Nash HlI & Wirth, 1990) and biodeteriogens (Seaward,
1977; Nimis et al., 1992). The possibility of using these
organisms as instruments for measuring time and space
is also of primary importance (Lawrey, 1985). It is this
latter potential that has become the focus of much
research since the 1960s. Lichens, unlike other plants, are
characterized by slow growth and longevity. These two
important ecophysiological peculiarities, the result of the
interaction of numerous environmental and physiological
factors, can provide, if correlated to the time factor,
precious information on the age of colonized surfaces.

The branch of lichenology that deals with the use of
lichens as a dating instrument, is called lichenometry
which is based on geometric-type methodologies. The
interest aroused by the first application, proposed by the
Austrian scholar Beschel (1950, 1957, 1958, 1961),
centres on its potential as a means of obtaining absolute
dating, especially when other dating techniques are not
feasible, [14C assay, dendrochronology, thermolumi-
nescence (Innes, 1988)]. This potentiality found an

(*) Work supported by M.R.S.N. research endowment fund and
by M.U.R.S.T. (60% funding).

immediate response from geomorphologists, who have
written most of articles on lichenometry, as well as
archaeologists and naturalists dealing with problems
concerning late Quaternary dating.

2. THE LICHENOMETRIC TECHNIQUE

The method proposed by Beschel is essentially
based on the fixed relation between the diameter of the
lichen's thallus and its age. This ratio permits us, given a
dated substratum, to deduce the age of the lichens
present on the substratum. The ratio must be applied to
the thallus of the species with the largest diameter on
the surface being examined. The author in fact sustains
that the larger size corresponds to the maximum growth
of the species used as an indicator. Non-dated substrata
can, on the other hand, be chronologically identified on
the basis of extrapolated curves.

The technique proposed presents limits, already in
part pointed out by Beschel. Lichens growth depends on
the interaction of climatic parameters (rain, snow) in
coincidence with the altitude factor (1). An analogous
conditioning concerns the chemico-physical charac-
teristics of the substratum, for instance its stability and

(1) Beschel (1958) indicates the ratio between precipitations and
altitude as a trigonometric function of “hygrocontinentality”, a
concept already expressed by Gams in 1932.
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pH (Beschel, 1950). Another condition governing the
choice of the thallus to be measured is its shape, which
must be absolutely circular. There is therefore the need
to introduce a new corrective factor, defined by the
author as the "lichen factor", which considers the growth
of the thallus in relation to time.

- 3. POST-BESCHEL LICHENOMETRIC APPLICA-
TIONS ON THE ITALIAN ALPS

Several authors subsequently experimented the
technique introduced by Beschel (Webber & Andrews,
1973). In particular his experiment conducted on the
moraines of the Gran Paradiso National Park (Beschel,
1958) was taken up and extended to other sectors of the
ltalian Alps.

Belloni (1970; 1973), in his surveys in Valfurva and
Val di Solda (province of Sondrio), went beyond Beschel's
method and recognized the need to consider microcli-
mates that are the same, and substrata that are lithologi-
cally homogeneous.

Among other things, he compares the growth of the
Rhizocarpon geographicum, an exclusively siliceous
species, in relation to the lithology considered: from 0.38
mm/per annum on dioritic gneiss to 1.00 mm/per annum
on altered phyllade (Belloni, 1973).

Pelfini (1988), having conducted lichenometric
surveys in the same area and with the same lichen
species (Rhizocarpon geographicum and Aspicilia
cinerea), believes that only for by carrying out surveys
on vast surfaces and on numerous species can the
effects induced by lithologic, microclimatic, microenvi-
ronmental variability and by numerous environmental
factors be eliminated. Measurements were made on
isolated individuals of a circular shape and of which only
the minimum diameter was considered (inscribed circle).

Analogous procedures were followed by Strada
(1988) in a study on the glacier of Lys (Monte Rosa,
Aosta Valley), and Baroni & Carton (1991a, 1991b) who
refer to the small glacier of Pisgana and to that of Lobbia
in the Adamello Group.

Further applications of the Beschel method were
carried out by Porter & Orombelli (1980) and Orombelli &
Porter (1983) on the southern side of the Mont Blanc
massif in the Aosta Valley. However, they used the
minimum diameter of the largest lichen thallus (inscribed
circle) present on the moraine. Only in work conducted
in 1983 and in the same area, do the two authors point
out the limits of traditional lichenometric techniques, and
sustain that these are valid only for local areas.

Comparing the growth curves shown in Figure 1, all
relative to the same lichen species (Rhizocarpon geo-
graphicum) it becomes difficult to define univocal quantifi-
able parameters. These difficulties were already pointed
out by Porter (1981) in a study carried out on the Rhizo-
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Fig. 1 - Growth curves of Rhizocarpon geographicum for the
ltalian Alps. 1 - Lavaccil and Montandayné Glaciers (Gran
Paradiso National Park) (Beschel,1958); 2 - Forni Valley
(Belloni, 1970); 3 - Solda Valley (Belloni, 1973); 4 - Triolet
(Mount Blanc massif) (Porter & Orombelli, 1980); 5 - Forni
Valley (Orombelli & Porter, 1983); 6 - Lys Glacier (Mount Rosa)
(Strada, 1988); 8 - Lobbia small glacier (Valley of Genova)
(Baroni & Carton, 1991b).

Curve di crescita del Rhizocarpon geographicum per le Alpi
italiane. 1 - Ghiacciai di Lavacciu e Montandayne (Parco
Nazionale del Gran Paradiso) (Beschel,1958); 2 - Valle dei
Forni (Belloni, 1970); 3 - Valle di Solda (Belloni, 1973); 4 -
Triolet (massiccio del Monte Bianco) (Porter & Orombelli,
1980); 5 - Valle dei Forni (Orombelli & Porter, 1983); 6 -
Ghiacciaio del Lys (Monte Rosa) (Strada, 1988); 8 - Vedretta
della Lobbia (Valle di Genova) (Baroni & Carton, 1991b).
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carpon geographicum of Mount Rainier (National Park,
Washington, USA); several curves obtained by consider-
ing the same species in various localities of the northem
hemisphere were compared and noticeable differences
among the various growth trends were detected. Porter's
lichenometric curves are based on data relative to 125
years and were extrapolated by the author for another 4
to 5 centuries, with an error, as Porter himself specifies,
of 20%. Moreover, the author emphasized that under the
same climatic conditions, lithologic differences can
massively modify the growth of lichens.

Analogous problems were observed while consid-
ering other epilithic species which may be used in lichen-
ometry (Brodo, 1973; Innes, 1988).

Currently absolute dating schemes found in liter-
ature are based on ratios between the diameter of the
thalli of crustose lichens, directly correlated to the speed
of growth, and the time which we have summed up in




the foliowing equation:
A@=kv At (@)

where
@ = lichen diameter
speed of growth
time
parameter representing growth factors
(as listed in chapter 5)
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4. A CRITICAL REVISION OF THE LICHEN-
OMETRIC TECHNIQUE: BIOLOGICAL AND
METHODOLOGICAL CONSIDERATIONS

Some scholars have critically reviewed the lichen-
ometric method on the basis of biological and method-
ological considerations that, if overlooked, may condition
the reliability of the method (Benedict, 1967; Webber &
Andrews eds., 1973a; Jochimsen, 1973; Innes, 1988).

Lichens used are predominantly those with the
crustose thallus because characterized by greater
longevity (thalli with a diameter of several decimeters
may be many centuries old) (Ozenda & Clauzade, 1970;
Brodo, 1973). These too, like all lichens in general, are
difficult to characterize in field conditions (Roux, 1981).
One of the drawbacks in using lichens as a dating instru-
ment derives from the poor lichenological knowledge of
some operators. In most lichenometric studies Rhizocar-
pon geographicum is used, probably because it is con-
sidered (erroneously) by non-specialists as an easily
recognizable species in the field due to its flashy yellow
color. Numerous other studies have proved that it is
actually a very complex group comprised of many taxa
(Jochinsem, 1973; Winchester, 1986; Innes, 1988; Poelt,
1988) characterized by various growth rates. Similar
considerations can be made for other species used in
lichenometry and belonging mostly to the genera
Aspicilia, Lecanora, Lecidea and Xanthoria.

Beschel insists on the importance of selecting only
circular thalli for measurement. In natural environments
this form is very rare, with elliptical or irregular-shaped
lichens prevailing. Thus, it is necessary to define param-
eters which may in some way take such variety into
account. Measurements cannot be limited to the diam-
eter alone but must include the larger, the smaller and
the average diameter, the area of the thallus (Innes,
1988) and its thickness.

Another element to take into account is the correct
identification of the individual thalli us with respect to
colonies, which, as it has often occurred in practice, can
trick the non-specialist. Furthermore, some scholars
have stressed the need to increase the number of meas-
urements in order to reduce the potential effects of the
presence of anomalous thalli in sampling (Innes, 1988).
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5. PROPOSALS FOR MODIFYING THE LICHEN-
OMETRIC METHODOLOGY: INTRODUCTION
OF BIOTIC AND ABIOTIC FACTORS

Extrapolations normally developed in the construc-
tion of growth curves using the Beschel method are, in
our opinion, excessive.

Generally only some of the factors that may con-
dition the ratio in eq. (a) are taken into consideration,
even if each of them, taken individually, may produce
slight differences in the actual growth curve. However,
since the factors involved in the ratio — indicated by "k"
in eq. (a) — interact more or less simultaneously, a real-
istic growth curve must consider them as parts of a whole.

The list given below was obtained on the basis of
our experiments in the field and contains the factors we
considered significant from a geological-morphological,
ecological and lichenological points of view.

A comparison with publications on lichenology — in
particular lichenometry — allowed us to ascertain that:

1) some of the factors on our list had already been
considered in lichenometric studies in the past, but often
only from a qualitative never quantitative perspective,
barring few exceptions;

2) numerous factors on our list have already been
examined and discussed in literature, sometimes on a
quantitative basis, but without a specific application to
lichenometry;

3) some factors appear in literature only as indica-
tions or suggestions for further research;

4) lastly, some factors had never been considered
at all (at least not within the vast bibliography we con-
sulted) and must therefore be completely verified on a
lichenometric basis.

The numbers in square brackets refer to works in
which each single factor is discussed or cited. Biblio-
graphic indications are given at the bottom of each
partial list.

The whole of examined factors was divided into five
categories. The first four refer to characters peculiar to
lichens, their substratum and environment, whereas the
fifth one refers to the standardization of measuring
methods, and therefore strictly involves lichenometry.

5.1. Chemical-geological-petrographical factors

- Substratum (meant generically without specifying pet-
rographic and textural peculiarity);

- Chimism of the lithoidal substratum:
a) absolute (of the rock) [1];
b) mineralogical (of the individual granules in contact
with the hyphae of the thalli) [2];
c) of the derivative by hydrolysis [3];

- Structure of the lithoidal support [4]: schistosity, strat-
ification etc.;

- Aspect of the natural lithoidal support surface [5]: pres-
ence of vacuoles, fissures, granularity, phenomena
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of differentiated alteration, etc.;

- Appearance of anthropic lithoidal support surface:
stonework [6], carved slabs or surfaces [7], artificial
materials [8];

- Water circulating on the rock surface: direction of flow,
stagnant pools, reascent by microcapillarity etc.;

- Mechanical [9], chemical and biochemical [10] altera-
tions of the lithoidal support;

- Colour of the lithoidal support (different drying times in
relation to the different surface warning) [11];

- Substratum dip [12];

- Substratum stability [13]

[1] Belanger (1988), Belloni (1973), Porter(1981), Brodo
(1973), Baroni & Carton (1991 b), Jones et al.
(1980), Carrara & Andrews (1973), Nimis & Monte
(1988), Wilson & Mc Hardy et (1981), Werner (1956)

[2] Beschel & Weidick (1973), Garty et al.(1974), Jones
& Wilson (1985), Ottonello et al. (1991)

[3] Schatz (1963), William & Rudolph (1974)

[4] Ottonello et al. (1991), Wetmore (1970)

[5] Birkeland (1973), Fry (1922, 1924, 1927)

[6] Modenesi & Lajolo (1988), Nimis & Monte (1988),
Piervittori & Sampd (1987-88), Piervittori & Sampo
(1988), Piervittori ef al. (1991), Roccardi & Binchetti
(1988), Seaward & Giacobini (1988)

[7] Carrara & Andrew, (1973), Innes (1988)

[8] Carrara & Andrew (1973), Garcia et al. (1988)

[9] Birkeland (1973), Fry (1927), Levin (1949), Mahaney
(1987), Modenesi & Lajolo (1988), Jones (1988),
Pallecchi & Pinna (1978), Syers (1964, 1969),
Williams & Rudolph (1974)

[10] Ascaso et al. (1976), Ascaso (1985), Bachman
(1907), Gehrmann et al. (1988), Hallbauer & Jahns
(1977), Iskandar & Syers (1971), Jones (1988),
Jones & Wilson (1985), Kerr & Zavada (1989),
Modenesi & Lajolo (1988),Seaward (1976),
Seaward & Giacobini (1988), Wilson & McHardy
(1981), Williams & Rudolph (1974)

[11] McCarthy (1983), Wessel & Budel (1989)

[12] Gilbert (1984), Gregory (1976), Link & Nash llI
(1984), Pentecost (1979)

[13] Innes (1988)

5. 2. Climatic-morphological-geographic factors

- Climate (as reported in a general sense by some
authors) [14];
a) microclimate (meant as climate of restricted geo-
graphical areas with analogous climatic character-
istics like temperature, average rainfall etc.) [15];
b) submicroclimate (meant as variations of temper-
ature, lighting, humidity on a metric or submetric
scale) [16];

- Wind: abrasive action [17], transport and deposition
of dust, occlusive action in relation to both lighting
and pores, variability of wind direction etc.;

- Temperature variation [18]: daily, monthly and yearly
temperature ranges; thermic inversion; formation of
valley and mountain breezes etc.;

- Altitude [19];

- Exposition: insolation [20], degree of humidity [21],
evaporation rate, degree of lighting [22] etc.;

- Precipitation: average yearly rainfall [23], frequency,
intensity, distribution of precipitations [24]; snow
cover [25], times of cover, snow blanket aeration, sev-
eral year-long niveous [26] or glacial cover etc.;

- Latitude.

[14] Beschel (1958), Hale (1983), Mahaney (1987),
Porter (1981), Rydzak (1961)

[15] Belloni (1970; 1973), Miller (1973), Orombelli &
Porter (1983)

[16] Jochimsen (1973), Miller (1973)

[17] Fristrup (1951), Juckes (1969), Selby et al. (1973)

[18] Hale (1983), Jochimsen (1973), McCarthy (1983),
Wessel & Budel (1989)

[19] Belloni (1970), Beschel (1958), Orombelli (1987),
Orombelli & Porter (1981)

[20] Belloni (1970, 1973)

[21] Hale (1983)

[22] Lange (1965)

[23] Belloni (1970, 1973), Beschel (1958), Jochimsen
(1973)

[24] Beschel (1958)

[25] Benedict 1990), Lindsay (1978)

[26] Benedict (1990)

[27] Gregory (1976; 1977)

5. 3. Ecological-environmental factors

- Interaction with other organisms: plant and animal
parasitism, animal trample, nitrophytism etc. [28]

- Pollution in air and waters circulating [29] on the
lithoidal support: acid rain, presence and absorption
of toxic metallic ions [30], presence and absorption of
radionuclides [31], effect of chemical elements nor-
mally considered inert [32] etc.;

[28] Lawrey (1980; 1984), Seaward & Giacobini (1988)

[29] Deruelle (1988), Ferry et al. (1973), Nash 11l & Wirth
(1988)

[30] Alessi & Visintin (1988), Lange & Ziegler (1963),
Nieboer & Richardson (1980), Purvis (1984), Purvis |
et al. (1987), Rune (1953), Seaword (1964) |

[31] Richardson et al. (1985), Tuominen & Jaakkola
(1973)

[32] Seaword (1976). w

5. 4. Lichenological factors

Symbiotic nature of the lichens [33];
Morphological and ecological variability [34];
Taxonomic aspects [35];




- Shape and individuality of thalli [36];

- Reproduction and dispersion methods [37];

- Growth and colonization (lichen life cycle patterns) [38];
- Maximum age reached by the species [39].

[83] Ahmadjian (1967), Honegger (1991), Scott (1967;
1973)

[34] Dan Miller (1973), Doppelbauer (1959), Kappen
(1973; 1984), Longton (1988), Miller (1973), Purvis
(1984), Purvis et al. (1987), Seaward (1977)

[35] Benedict (1988), Innes (1988), Hafeliner (1988),
Poelt (1973, 1988), Winchester (1986)

[36] Innes (1988), Jochimsen (1973)

[37] Bailey (1976), Bowler (1975), Longton (1988)

[38] Amstrong (1973; 1974; 1976), Carrara & Andrews
(1978), Hale (1973), Hooker (1980), Miller (1973),
Proctor (1977, 1983), Seaward (1976), Ten Brink
(1973) , Tophman (1977)

[39] Beschel (1958), Brodo (1965), Hale (1970; 1973),
Hausman (1948), Miller (1973), Phillips (1963),
Proctor (1983).

5. 5. Geometric-mathematical factors

- Instrumentation used (degree of precision, calibration
etc.) [40];

- Standardized measuring methods [41];

- Degree of acceptable eccentricity (in the case of
slightly elliptic thalli) [42];

- Evaluation of the three-dimensional development of
thalli [43]: thalli thickness, thalli volume in relation to
the geometric sphere of entanglement etc.;

- Analytical development of the growth curves of thalli
[44]: linear and logarithmic curves [45], fractals [46]
and chaotic growths.

[40] Belloni (1970), Hale (1973), Innes (1988)

[41] Bellonil (1970), Benedict (1988), Beschel (1958),
Dale (1985), Farrar (1974), Hakulinen (1966), Hale
(1973), Innes (1988), Lindsay (1973), Miller.(1973),
Pelfini (1988), Proctor (1983), Ten Brink (1973),
Webber & Andrew (1973b), Woolhouse (1968)

[42] Hill (1981)

[43] Amstrong (1976), De Marchi & Cassi (1991),
Doppelbauer (1959)

[44] Innes (1988)

[45] Amstrong (1973; 1976), Beschel (1973), Dale
(1985), Dan Miller (1973), Denton & Karlen (1973),
Miller (1973), Orombelli & Porter (1983), Pelfini
(1988), Porter & Orombelli (1980), Proctor (1977),
Strada (1988)

[46] De Marchi & Cassi (1991).

It is probable that part of the factors cited in the first
four categories, interacting amongst themselves, may at
times undergo a drastic decrease in their effects on the
growth/time system, but this situation has apparently
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never been experimented, not even in a local area.
Furthermore, we are not certain to have singled out all
the biotic and abiotic factors that significantly affect
growth. We hope other researchers will evaluate the
survey and expand it.

5. 6. The "Zero Time" factor

In our opinion, there is another parameter, deserv-
ing more attention, namely the: "zero time" (T). "T" is the
moment when the lichen starts to settle down on a lithic
surface. The general tendency is to assume that the
thallus has the same age as the substratum or that its
age has the same order of size of the colonized surface.

This preliminary consideration might lead to anoma-
lous results, sometimes event to gross errors. Only re-
cently have some authors confronted the problem, empha-
sizing its effect in lichenometric studies (Fahselt et al,, 1988).

6. CONCLUSIONS

The method based on the use of lichens as indi-
cators of absolute dating needs to be overhauled in
order to provide a model reflecting the real thallus
growth in nature, and at the present status Sf\fnowledge
is worth a global revision in order to make it more
reliable from the point of view of applications. This may
be become possible when the aforementioned factors
are quantitatively correlated on the basis of both field
observations and experimentally-derived mathematic
equations. In other words, from an interdisciplinary point
of view comparing data from various disciplines (lichen-
ological, geological, mathematical and physical).

What emerges is that presently lichens are used as
a dating tool but only in qualitative way and in local
areas. By correlating data from a series of direct obser-
vations of various kind, lichens were proven to be suit-
able means for establishing relative dating sequences. It
is presently possible to hypothesize sequences of the
type: "first...then...", based on considerations regarding
shape and size of the thalli of various species, integrated
by both geological-morphological and ecological infor-
mation, but without quantifying the real duration of the
phenomena (Gregory, 1976, 1977; Baroni & Carton, 1987;
Gallo, 1992; Piervittori 1990, unpublished data).

Such an interpretation is, in this case, closely linked
to the ability of the various researchers to single out the
highest possible number of elements in the field and to
examine them from the perspective of their own expe-
rience and scientific sensitivity.
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