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I. Introduction

Growth of lichens has long held a peculiar fascination for lichenologists.
In other groups of cryptogams such as fungi and mosses growth is rapid and
obvious, and these organisms often complete their life cycles in a matter of
weeks or months. The slow growth of lichens, however, is legendary, and it is
safe to say that no one has followed the entire life span of a lichen thallus.
Indeed, if we believe some reports of longevity, many lichens that existed
when Meyer reported the first serious measurements in 1825 are still alive
and growing quite well today!
The purpose of this chapter is to summarize in broad detail the background on growth of lichen thalli, methods of measurement, and factors that
seem to influence growth. There are a number of reviews that touch on the
subject at least briefly (for example, Schneider, 1897; A. L. Smith, 1921;
Tobler, 1925; Beschel, 1958; Barkman 1958; D.C.Smith, 1962; Ahmadjian,
1965, 1966; Hale, 1967), and these may also be consulted to gain perspective
on growth studies in relation to other work being done in lichenology.
473

474

MASON Ε. HALE

A. Gro wth Phenomena and Mechanisms

Growth is first of all an increase in mass that can be determined by weigh
ing plant colonies at various intervals. This method is commonly used in phy
siological studies of isolated mycobionts but would be difficult to apply to a
symbiont thallus because the continuity of colonies being measured would
have to be destroyed. Growth is also any increase in surface area or a linear
extension of the margins of colonies irrespective of mass. Elongation of thal
lus part, while not as accurate a measure as mass, does provide a convenient
tool for comparative studies and virtually all workers have adopted this
method.
Increase in size or weight of a thallus is largely attributable to the fungal
component which comprises 90-95% of the plant body. The algae are ap
parently carried along passively by the growing hyphae and remain (in heteromerous lichens) as a thin scattered layer only 20-40μτη thick. Assimilates
synthesized by the algae are utilized by the fungus at the growth site. Evi
dently lateral transport of nutrients from the central parts to the apical
growing region is of very minor importance, and in fact no experiments have
proved that such transport occurs.
The growth pattern in lichens is centripetal and apical. Intercalary
growth that might contribute to lobe elongation is minimal, ceasing in
portions 1 or 2 years old (Hale, 1970). Further growth of the central more or
less stationary parts of a thallus is manifested as a thickening of various histo
logical layers, often doubling thallus thickness, and as production of fruiting
bodies or vegetative propagules (Porter, 1927).
Each lobe of a foliose species (and presumably each branch of a fruti
cose species) grows independently of other lobes, even adjacent ones
(Hale, 1970). This phenomenon was first observed by Linkola (1918), who
was also the first worker to measure individual lobes. The possible magni
tude of this variation was shown by Phillips (1969), who measured three
lobes on the same specimen of Lobaria pulmonaria in Tennessee. Growth
averaged 0.4, 10.4, and 15.0 mm over a 3-year period.
B. Factors Affecting Growth

Growth occurs when there is positive net assimilation, a physiological
process that responds to proper conditions of moisture, temperature, light,
etc. Significant deviations in growth rate in the natural habitat will occur
only when one or more of these factors falls far outside of the normal range,
as in the temperature contrast between summer and winter in temperate
zones. Most observations and correlations have been made from uncon
trolled field studies. The difficulties of whole-lichen culture in the laboratory
have prevented more accurate assessments of the factors affecting growth.
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1.

MOISTURE

When a thallus is wetted, as by rain, it attains saturation quickly and
begins to metabolize almost at once. It is quite easy to show that growth occurs as a result of this. A colony is photographed before a rain, during a rain,
and after a rain when it is again air-dry. Data taken by Hale (1973) for the
foliose Parmelia baltimorensis in Maryland show increments of up to 0.10
mm without subsequent shrinkage as the result of a single one-day long
rainstorm.
Total rainfall over a whole season has significant effect on growth. Nienburg (1919), for example, points to heavy rains in May, 1889 as a reason
for greater than average growth observed by Lotsy for lichens being measured in Germany. Similarly, Hausman (1948) felt that the high rates for
Parmelia centrifuga during one summer in New England could be correlated
with the unusually high cloud cover that year.
Karenlampi (1971), using another more rigid approach to the problem,
tabulated growth of various Cladonia species during a summer in Finland
where total rainfall was 150-300 mm (May to November). He investigated
several climatic factors that would be expected to influence growth but
concluded that amount of rain per day was highly correlated with the relative
growth, more so than temperature or light (Fig. 1).

Rainfall (mm/day)
FIG . 1. Relative growth rate ( R G R) of young Cladonia alpestris specimens in Finland plotted
against mean daily rainfall and the linear regression line. (From Karenlampi, 1971.)
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TABLE

I

G R O W T H OF LICHENS AT VARIOUS H E I G H T S ABOVE S E A LEVEL IN
FINLAND '
0

Parmelia centrifuga
P. conspersa
P. saxatilis

6

Dry zone

2 m above
shore

Surf z o n e

1.50
0.83
1.67

2.08 (2.59)
1.83 (2.48)
2.08 (2.28)

2.36
3.43
3.18

A v e r a g e annual radial lobe growth over 3 years; values in
parentheses stand for nutrient-enriched colony growth.
A f t e r Hakulinen (1966).
a

b

Further effects of moisture on growth may be observed with lichens grow
ing near lakes or other bodies of water subject to wetting, splashing, or spray
ing in addition to any moisture received as rain. Hakulinen (1966), in a
significant series of observations, examined colonies of four foliose species in
three subjectively delimited habitats along a seashore in Finland: normally
dry rocks well above water level, shoreline rocks about 2 m above water
level, and rocks in the surf zone. His data are summarized in Table I for three
of the species. While we cannot tell precisely how dry or how wet the various
habitats were, the relative differences in moisture regimen are rather strong
ly correlated with growth rates, and it would be hard to argue that the added
moisture nearer the waterline did not augment growth. Lichens must have
the capacity to grow much more than average if they are wetted more than
normally.
Moisture available as dew is an important source for many lichens, part
icularly in desert regions (Lange and Bertsch, 1954). It appears to be less
crucial in temperate and boreal regions, for Miller (1966), using an accurate
dew balance, showed that while foliose species in southern Canada absorb
30-50% of oven dried weight, they rapidly dry out as the sun comes up. At
other times, there may be no dew absorption. Dew formation does retard
water loss from rain-wetted thalli, helping to prolong an active metabolic
state for a day or more after rains. The same holds true for high humidity
(for example, daytime relative humidity of 70-80%), which is encountered in
subtropical areas. As a rule, air-dry thalli take up water vapor very slowly
and probably reach equilibrium much below the level where assimilation can
occur.
2. LIGHT

Light affects growth by limiting the rate of photosynthesis and ultimately
the amount of assimilates available to the fungus. Most lichens are as a
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matter of fact photophils, and any light reduction would probably come
about by gradual closing of the forest canopy over many years. I know of no
data on growth rates in this kind of situation. Hakulinen (1966) reported an
annual rate of 2.6 mm for Hypogymnia physodes growing on the north side
of trees in Finland, whereas the same species on the south side, exposed to
sunlight, grew 2.75 mm. Other workers give conflicting data, and in no case
are the differences great enough statistically to allow a categorical statement
that increased light promotes growth. Any reduction caused by less light
might conceivably be offset by an increase in moisture in a shaded habitat.
3. TEMPERATURE

Effects of temperature have been little studied because of the problems
of maintaining appropriate metering equipment in the field. Ideally one
should use recording instruments in order to identify maximum and minimum temperatures and duration of the extremes. All data so far indicate
that most rapid growth is in the spring in temperate zones when daytime
temperature is about 19°C, the most favorable range determined for laboratory culture of the mycobionts.
While lichen colonies obviously grow where the average temperature is
tolerable, extreme temperatures unfavorable to growth may still occur. Very
low temperatures in winter (0°C or less) without snow cover not only stop
growth but can kill thalli by freezing (Laundon, 1966), apparently destroying
the algae. Brodo (1965) ascribes poor growth of lichens on Long Island, New
York, in 1959-1960 to an exceptionally cold January.
4. NUTRIENT ENRICHMENT

It is axiomatic that lichens thrive in nutrient-deficient habitats, not
necessarily because they prefer them but because they face less competition
there. This fact is cited as one reason for their slow growth. What if the
nutrient supply were artificially increased? Just such an experiment was run
by Hakulinen (1966) on four common foliose species on rocks 2 m above the
shoreline in Finland. Data for three of these are given in Table I. Physcia
caesia showed the same trend. A solution of bird excrement (2 gm per 100 ml)
was poured over the thalli at weekly intervals during the summer. Growth
was consistently greater than in control plants that received only natural
rainfall over the 2-year period.
Jones and Piatt (1969) independently demonstrated the beneficial effect
of nutrient enrichment and incidentally showed that the added moisture in
experiments such as Hakulinen's was not entirely responsible for the accelerated growth. They moistened specimens of Parmelia conspersa under
controlled laboratory conditions twice a month with (1) distilled water or
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(2) standard nutrient solution at the rate of 1 ml per 3 cm . The mean monthly
rate for lobes receiving only distilled water was 0.20 mm radial growth, while
that for nutrient-supplied lobes was 0.28 mm, a statistically significant differ
ence.
2

C. Seasonal Differences

The combined effects of moisture, light, and temperature lead to seasonal
growth in lichens, especially in boreal and temperate zones, less so in the low
land tropics. All studies where several measurements are made during the
year show best growth in summer and least growth in winter. The amount of
growth in winter depends on the severity of the climate. Rydzak (1961) found
little or no growth of common species in Poland where winters are rather
severe with a long snow cover. Phillips (1963), on the other hand, made some
careful measurements over a 2-year period in Tennessee where snowfall is
infrequent and average winter temperatures are not much below freezing.
For two colonies of Parmelia conspersa he found 1.2 and 0.6 mm in the winter
(November to April) and 6.75 and 5.6 mm for the same plants in summer.
Data taken by Hale (1970) at various times during a whole year show maxi
mum growth of P. baltimorensis in early summer but with measurable growth
in every month, except when the thalli are actually covered with snow (Fig.
2).
More exact determinations of seasonal growth, as spring versus fall,
remain to be done. What is also needed is the kind of sophisticated metering
equipment used by Miller (1966) to measure microclimate in the vicinity of
the plants. Data taken from broad synoptic weather summaries are not
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FIG. 2. Average daily growth rate of Parmelia caperata near Washington, D . C. for 1 year
(14 measurements). (From Hale, 1970.)
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sufficiently exact. Finally, we need further refinements in handling data,
such as proposed by Karenlampi (1971), subsystem modeling, and regression
techniques to measure effects of climate on growth.
D. Annual

Variation

When data are taken for more than 1 year, it is easy to show that year-toyear variation may be quite large. Hakulinen (1966), for example, averaged
annual radial increase for four lobes of Parmelia centrifuga and found in a
consecutive 3-year period (1961-1964) rates of 1.5, 1.3, and 2.3 mm/year.
Phillips (1963) averaged data from 25 plants in Tennessee from 1959-1961
and obtained annual increments of 4.7, 4.5, and 5.7 mm/year for P. conspera. Brodo (1965) measured rather large differences from two series (19591961 and 1961-1962) for four corticolous lichens: P. caperata (1.45 mm/year
versus 2.05 mm/year), P. saxatilis (1.46 mm/year versus 2.08 mm/year), P.
sulcata (0.91 mm/year versus 1.91 mm/year), and Lecanora chlarotera (0.56
mm/year versus 0.98).
II. Techniques of Measuring Growth

Thallus growth has been measured by various techniques, depending
largely on what the researcher wants to find out. One can measure thallus
diameter, radius, surface area, or individual lobes. Unfortunately, some
workers have failed to specify how they took measurements and their data
are virtually useless. Even when methodology is clearly stated, data from
different studies are not always comparable. Various methods will be discussed below with particular emphasis on general application and limitations.
A. Direct

Measurement

Direct measurement means that some growth dimension is measured at
two different points in time. Since lichens grow very slowly, this discourages
rapid accumulation of data and affords a chance for natural forces to
damage a thallus before measurements are completed.
Linkola (1918), one of the earliest workers, employed the simplest technique. He set up a base point, either a nail driven into wood near the thallus
or a chisel mark for rock quadrats, and measured from the base point to the
lobe tip, expressing his data as radial increase of individual lobes in millimeters per year. This exact technique was followed by Hakulinen (1966). A
modification has been proposed by Hale (1970) where a point or mark on the
lobe surface becomes a base point, thus reducing the slight error caused by
expansion of the mature central parts of the thallus.
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F I G . 3. Comparison photographs of Parmelia baltimorensis taken on October 6,1968 (lower
print) and November 24, 1968 near Washington, D.C. (Scale in mm.)
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Most workers have used far less precise techniques. A roughly orbicular
thallus is selected, the diameter measured, and the same plant remeasured
a year or more later. Dividing by two gives average radial growth (cf. Vallot,
1896; Fink, 1917; Frey, 1959; Hale, 1954). This method does not give
extremes of growth, and average values have only very general significance.
Another method of direct measurement can be used for certain fruticose
lichens that are not attached to the substratum. Karenlampi (1971), for
example, placed loose colonies of various reindeer mosses (Cladonia) in
boxes on the forest floor. Every 1-4 weeks these were removed from the
boxes, air-dried, weighed, and returned to the boxes without damage. A
rather similar technique was tried by Miller (1966) for foliose lichens but
with less success because of breaking up of the thalli.
Actual recording of data is best done with direct photography. Photographic prints provide permanent records for immediate and future study
and with suitable enlargement permit measurements with an error of as little
as 0.01 mm (Fig. 3) (Hale, 1970). Hakulinen's (1966) excellent series of
photographs shows how useful this technique is for a detailed study of lobe
growth.
The plastic method (Fig. 4) enjoyed brief popularity (Hale, 1954; Rydzak,
1956; Brodo, 1964), but when compared with photographs it suffers from
several defects. The marking of thallus outlines with a pen or wax pencil is
tedious and not especially accurate. Identification of different species on

Contour of 1 9 5 4
Contour of 1 9 5 5

F I G . 4.

Outlines of two crustose lichens in Poland. (From Rydzak, 1956.)
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the sheets is always open to question. And finally, accurate placement of
the plastic sheets over the quadrat creates additional errors.
Rydzak (1961) relied entirely on surface-area increments in his studies
of lichen growth in Poland. He accurately measured surface area of in
dividual thalli at different times and expressed growth as spatial increment

FIG. 5 . Growth of various lichens in Poland from 1 9 5 3 - 1 9 6 0 calculated as increase
in surface area. (From Rydzak, 1 9 6 1 . )
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in square millimeters per time unit (Fig. 5). While this is an interesting way
to measure growth, Brodo (1965) objects on the grounds that growth here
would largely be a function of the original size of the thalli, that is, small
thalli would seem to grow faster than large thalli. Surface area can also be
used to determine average radial growth by using the standard formula r =
(Α/π)
(Hale, 1959). Woolhouse (1968) proposed a more complex formula
in order to equalize differences in thallus size when thalli of different dia
meter are used; it defines the growth that occurs in a given time interval in
relation to the already existing area of the thallus.
Most workers have taken measurements when the thalli are air-dried and
often indicate this in publication. The thalli absorb water readily and ex
pand, a typical foliose thallus several centimeters in diameter increasing in
size about 1 mm when saturated. Phillips (1962) measured expansion experi
mentally by sealing specimens of Parmelia conspersa in chambers of con
trolled relative humidity. Significant radial increase occurred only in wetted
thalli and this amounted to 0.25-0.70 mm for this species, at most an increase
of about 3%. No expansion occurred in nonwetted thalli even with 100%
relative humidity.
Direct measurement of single intact lobes cannot usually be carried on
indefinitely. Published studies thus far run at most 4-6 years. Barring a loss
of patience or interest by the investigator, lobes when followed this long will
have branched considerably and often lose their identity. Natural atrophy
and destruction by animals or insects (Hale, 1972) are other elements that
interfere with continuity of the thalli. Even when photographs have lost use
fulness for growth measurements, they can still provide a graphic and in
structive record of succession and ecesis of lichens. By far the best example
of this is the work by Frey (1959) for numerous lichen quadrats photo
graphed in Switzerland for over 23 years.
ι/2

B. Indirect

Methods

Indirect measurement involves selecting colonies of lichens on substrates
of known age (or estimated age), measuring their size or biomass, and extra
polating growth rates by dividing the lichen dimension by the age of the sub
strate. Thus a lichen thallus 20 mm in diameter growing on a subtrate
exposed for 10 years must have grown 1 mm/year in radius at the minimum.
This method circumvents the long waiting period required to accumulate
data through the direct method. There is obviously some loss in precision,
since we arrive at a composite picture of growth drawn from many un
related thalli at different stages of growth and must express the results as
relative or minimal rather than absolute growth rates.
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1. TERMINAL TWIGS

Many trees in boreal and temperate zones produce terminal bud scars.
The internodes between these may be accurately dated and the age of lichens
growing on them estimated. The first application of this method would have
to be attributed to Nienburg (1919), who chose twigs of Abies alba and
concentrated on Hypogymnia physodes and other conifer lichens. Degelius
(1964) did a much more exhaustive study on Fraxinus twigs in Europe, which
was repeated on a small scale by Hale (1967) for Fraxinus twigs in northern
Minnesota. By taking into account a 2- or 3-year lag in colonization, one
can easily determine growth rates that are very close to those calculated with
direct methods.
Piatt and Amsler (1955) proposed an interesting variation of this method
for lichens growing on twigs of Juniperus virginiana and Ulmus alata in
Georgia. Lichens were cleanly removed from areas on twigs which were
dated by ring counts of the woody tissue. Dry weight of the samples plotted
against age of the substratum showed a high degree of correlation.
Other datable substrates have been used. BeschePs( 1958) thorough study
of lichens on dated grave markers in Switzerland must stand as a classic.
He followed growth patterns for up to 40 years, very nearly the life span of
some of the species studied. One could also examine a series of bridge
abutments, road banks, abandoned fields, etc., where the date of exposure
is known.
2. LICHENOMETRY

Lichenometry is the converse of the twig method described above. One
uses the estimated age of a lichen colony to date the substratum on which it
is growing. The pioneer in this technique was Beschel, who refined the
method during the 1950's to date moraines of glaciers. Since arctic lichens
grow extremely slowly and persist for hundreds of years intact, Beschel
(1957, 1961) estimated some colonies to be as much as 4000years old. Extra
polation curves of thallus diameter are consulted to date the moraines.
Several glaciologists (Andrews and Webber, 1964; Burrows, 1971) have
employed this method to date moraines back to the 1600's. Rhizocarpon
species are most commonly used.
Follmann (1961) used the same principle to assign a date to stone images
on Easter Island. He had found old photographs that showed lichen colonies
(Dirinaria picta, Lecidea paschalis, etc.) in 1914 and was able to rephotograph
the same quadrats in 1961. By extrapolation from thallus diameter he cal
culated values of 380-850 years depending on the locality. This technique
would be more difficult to use in moist temperate zones for dating archeo-
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logical artifacts since the life span of lichens there is known to be less than
100 years.
3. LENGTH OF INTERNODES IN

Cladonia

The podetia of the common reindeer mosses grow upward as a loose mat
on soil. The internode between branches is believed to represent 1 year's
growth so that the age of a podetium is estimated by dividing the number of
joints into the total height (Scotter, 1963; Karenlampi, 1970, with references
to the original Russian studies). The average annual growth rates determined
by this method are comparable to those obtained by direct methods (Tengwall, 1928).
4. MARGINAL ZONATION

Certain species of Pertusaria, Lecanora, Ochrolechia, etc., have concentrically zoned margins. The zones arise because rapid summer growth is
whitish and the narrow dormant zone in winter is darker. Each zone is therefore 1 year's growth and the width is an accurate measure of radial growth

FIG. 6.

Marginal zonation in Pertusaria

center of annual zones.)

sp. in Virginia. (Scale in mm; arrows point to
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which may be traced back 3-7 years (Fig. 6). Unfortunately, the vast
majority of lichens do not manifest any annual zonation.
III. Growth Rates and Life History
A. Growth Rates

Anyone who has searched the literature will find no lack of data on how
fast lichens grow. Many authors have taken measurements in the past 50
years, and the aggregate data give us a fairly good idea of the amount of
growth that can be expected for various kinds of lichens in different regions.
Some representative values of annual radial increment are listed below.
Foliose species
1.15 mm (Hakulinen, 1966)
1.00 mm (Frey, 1959)
Lobaria pulmonaria: 4.82 mm (Phillips, 1969)
Lobaria quercizans: 5.62 mm (Phillips, 1969)
Menegazzia terebrata: 2.54 mm (Phillips, 1969)
Parmelia centrifuga: 2.50 mm (Linkola, 1918), 0.85 mm (Hausman, 1948)
Parmelia conspersa: 1.60 mm (Hale, 1959), 5.30 mm (Phillips, 1963)
Parmelia pulla: 1.0-1.2 mm (St^rmer, 1934)
Parmelia sulcata: 1.60 mm (Linkola, 1918), 2.22 mm (Degelius, 1964)
Parmeliopsis ambigua: 0.70 mm (Linkola, 1918), 0.90 (Hakulinen, 1966)
Physcia aipolia: 1.30 mm (Hakulinen, 1966)
Umbilicaria deusta: 2.30 mm (Hakulinen, 1966)
Xanthoria parietina: 2.15 mm (Hakulinen, 1966), 2.50 mm (Degelius, 1964)
Fruticose species
Cladonia rangiferina: 2.7-6.0 mm (Scotter, 1963)
Evernia prunastri: 2.00 mm (Degelius, 1964)
Ramalina reticulata: about 30 mm (Herre, 1904)
Crustose species
Diploschistes scruposus: 0.44 mm (Hale, 1959)
Foliicolous species
Strigula: 1.5-1.8 mm (de Wilde-Deyfjes, 1967)
Lecanora alphoplaca: 0.95-1.40 mm (Frey, 1959)
Lecanora muralis: 1.30 (Hakulinen, 1966)
Pertusaria shenandoahensis: 1.6-3.6 mm (Hale, 1973)
Rinodina oreina: 0.57 mm (Hale, 1959)
Cetraria pinastri:

Hypogymnia encausta:

All of the values above are expressed as millimeters per year since most
workers have taken measurements at intervals of 1 or more years. For
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smaller intervals of weeks or months a better way of expressing growth is
probably millimeters per day (Hale, 1970) (see Fig. 2).
The maximum amount of radial increment of which a thallus is capable
will depend partly on the size of the species measured. Small lichens, those
less than 20-30 mm in diameter at maturity, do not grow as much as larger
thalli. Hakulinen (1966), for example, measured a growth rate of 0.98
mm/year for a colony of Physcia caesia (20.7 mm in diameter), whereas a
larger lichen, Parmelia centrifuga (60.8 mm in diameter), grew 1.50 mm/year
at the same time. In this connection (and as will be discussed more fully
below), we should remember that growth rate may vary over the life span
of a lichen, being as a rule significantly slower in early juvenile and senile
stages and most rapid in the middle (maturing) stages. This could mean that
the rate determined with a large specimen might actually be lower than for
a smaller one of the same species.
B. Life

History

The normal life cycle of a plant includes a juvenile stage, a period of rapid
growth to maturity, and a final stage of senescence, following along a
sigmoid curve ideally. Lichens are no exceptions, as so explicitly stated by
Vallot (1896) over 75 years ago. We have, however, virtually no direct
measurements of life cycles, only guesses and extrapolations from indirect
or very short-term studies. Beschel (1958) has covered the subject rather
thoroughly and defines several stages in the life cycle of lichens as deduced
from his grave-marker investigation.
1. JUVENILE PERIOD

This is a stage of variable duration following establishment of apropagule
(or symbiotic recombination of alga and fungus) on a substratum. No
lichenologist has defined it accurately in terms of thallus size. Brodo (1965)
considered as juvenile thalli those less than 4.1 cm in diameter, but he was
unable to show that even thalli 2.8 cm in diameter grew at a slower rate.
Miller (1966) used seven size classes beginning with plants 0.0-4.9 cm and
was still not able to show convincingly that small plants grew at a different
rate from "mature" plants. Phillips (1963) examined very small thalli of
Parmelia conspersa (0.6-0.7 cm) in Tennessee and found them to be growing
at 1.7-2.7 mm/year. Another series of thalli 1.4-14.3 cm in diameter in the
same area grew much more, 4.5-8.2 mm/year. Clearly the juvenile stage
would cover plants no more than 1 cm in diameter and probably much less
than this for small foliose species.
Indirect measurements compiled by Nienburg (1919) and Beschel (1958)
show fairly conclusively that the first 2-3 year period after establishment,
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when the propagule is only 0.1-0.5 mm across, contributes little to thallus
diameter. Twig studies suggest that a juvenile stage might last 3-4 years at
the most, but considerably more work needs to be done in this area.
2. THE " G R E A T " PERIOD

It was Beschel (1958) who coined this term for the period of maturation.
His data show that it may be a relatively short time in the life span of a lichen,
lasting from 2-10 years directly after the juvenile stage. He suggested that
this is a critical stage when a lichen must occupy its habitat as quickly as
possible and would have the highest relative growth rate. Once again, we
have no direct measurements of this stage in the lichen life history, only
indirect ones.
3. MATURITY AND SENESCENCE

Some lichens lack a "great" period and simply have a linear growth rate
until maturity is reached (Beschel, 1958) (Fig. 7). In any event a point is soon
reached in the life history of many species where growth slows down signif-

K

FIG. 7. Growth curves of 7 colonies of Hypogymnia physodes
from dated grave markers over 16 years. (From Beschel, 1958.)

in Switzerland calculated
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icantly and remains so for an undetermined number of years. These would
be considered "mature" lichen thalli, the kind that is most often collected
for herbarium specimens. The decrease in growth rate has been well documented by Frey (1959) for a colony of Placodium alphoplacum in Switzerland.
By taking measurements of diameter from photographs, he calculated a rate
of 1.4 mm/year radial growth for one colony from 1923-1927, but the same
colony grew only 0.07 mm/year from 1927-1934. Another set of measurements for the same species gave 0.95 mm/year from 1923-1927 and 0.20 mm/
year from 1927-1934.
Indirect measurements give a very distinctive flattening of the growth
curve for a number of species (Beschel, 1958), reflecting a slower rate of
growth (sometimes even a cessation) when the thallus approaches maximum
size. Vallot (1896) was probably the first worker to hypothesize that lichens
have a certain maximum size, beyond which the plant does not enlarge but
instead begins to disintegrate, first at the center and finally toward the
periphery. Some marginal areas may survive and go on to initiate new
colonies but the integrity of the mother plant is lost. Vallot estimated that
the maximum size for Parmelia saxatilis is 20-24 cm. Beschel (1958)
estimated 6 cm for P. exasperatula and 9 cm for P. sulcata on the basis of
grave-marker studies. The maximum size for Parmelia conspersa appears to
be about 12 cm and for P. caperata about 20 cm (Hale, 1973).
4. LONGEVITY

The age of a lichen growing on an undated substrate cannot be determined, and even indirect methods tell us merely that a particular thallus
cannot be older than a dated substratum. There is still a great temptation
to extrapolate the age of a thallus from the diameter and an approximation
of the rate of growth. This can be a foolhardy operation since rate of
growth varies throughout the life history of a thallus and a senescent period
with little or no growth can last an indeterminate length of time. Linkola
(1918) nevertheless calculated the age of "larger individuals" of the
following species on the basis of 6-year growth averages: Parmelia centrifuga, 50-80 years; P. olivacea, 50-60 years; P. physodes, 30-40 years; P.
sulcata, 30-40 years; Parmeliopsis aleurites, 20-25 years; P. ambigua, 15-20
years.
On a similar basis Hausman (1948) estimated a colony of Rhizocarpon
geographicum 86 mm in diameter to be 120 years old, and Tengwall (1928),
studying podetia of several Cladonias (reindeer mosses), guessed that
mature plants at a maximum of 60 mm high with a rate of 1-5 mm/year
would be 15-45 years old. Those working in lichenometry of arctic lichens,
of course, claim longevity of hundreds or even thousands of years.
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IV. Conclusions

Past work in lichen growth has shown that most species in temperate
areas grow 0.5-8 mm a year and that both seasonal and annual variation is
large. Availability of moisture and temperature have the greatest effect on
growth. Little is known about life cycles except that a brief juvenile period
following establishment of a propagule precedes a longer period of rapid
growth leading to a mature thallus. Senescence is reached as the thallus
approaches a maximum diameter or length that is species specific. Growth
rate slows and the central or older portions of the thallus finally die away.
Details of the life cycle are still known only from indirect measurements.
More definitive answers to the many questions about lichen growth will have
to come from well-planned long-term studies.
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