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I. Introduction 

The most tangible element of a plant's environment is its substrate, the 
material on or in which the plant grows. In the mycological sense, the sub-
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strate is often interpreted to mean the nutritive material used by the fungus. 
Lichenologists have avoided such a narrow definition since the role of the 
material supporting lichen thalli is a complex one. In fact, it is quite open 
to question whether lichens derive any nutriment from their support at all. 

It is clear, however, that lichens have substrate "preferences." Few, if any, 
are found everywhere on anything. Terms such as "rock lichens," "bark 
lichens," and "ground lichens" are generally accepted and understood. 
Identification keys are often based on this substrate classification, studies are 
organized around it, and chapter headings reflect it. Technically, we speak of 
saxicolous, corticolous, lignicolous, muscicolous, terricolous, and foli
icolous lichens, in referring to species found on rock or mineral, bark, wood 
(i.e., lignum), bryophytes, soil, and leaves, respectively. It is the purpose of 
this chapter to review what is known about these substrate preferences, and 
to discuss their causes and implications with regard to the ecology, distribu
tion, and taxonomy of lichens. 

II. Practical Aspects 

The importance of having an understanding of the relationships between 
lichens and their substrates goes beyond our ordinary interest in lichen 
biology. Lichens are well-known accumulators of minerals from the soil 
and air (see Chapter 7 by Syers and Iskandar in this treatise; also Lange 
and Ziegler, 1963; Beschel, 1959), and their use as geobotanical indicators of 
mineral deposits has only recently been considered (Viktorov et al., 1964; 
LeRoy and Koksoy, 1962; F. H. Erbisch, personal communication). Their 
accumulation of toxic materials from polluted air deposited on substrate sur
faces is another area of concern (see Chapter 13 by Gilbert in this treatise). 
The harmful effects of lichens on substrates of economic importance will be 
discussed in Section V. 

III. Substrate Factors 

Of the many properties of a substrate one might examine to determine 
what causes the particular behavior of a lichen, the texture, the water 
relations, and the chemistry are most important. There are of course other 
factors to be considered which may affect lichen distributions, such as color, 
hardness, and physiology, but the first three are most often discussed and 
probably are most significant. 

Barkman (1958), in his classic treatise on the ecology of cryptogamic 
epiphytes, has covered the subject of bark factors thoroughly, and so only 
some of the important papers which have appeared since 1958 will be 
covered here. 
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A. Texture 

The smoothness, hardness, relative stability, and surface features of 
substrates have often been cited as factors causing the restriction of lichens 
to one substrate or another. Surface texture formed an important part of 
Hilitzer's (1925) ecological classification of epiphytic lichens. It has, in 
fact, been asserted that the physical properties are the only substrate factors 
determining the distribution of lichens (Richard, 1883). Some of these 
characteristics bear directly on other aspects of the substrate, such as the 
relationship of bark hardness to moisture capacity, but most seem to have 
their own influence. 

Ease of colonization is certainly one of the more obvious effects of dif
ferences in substrate texture. Lichen diaspores can become trapped and 
begin to develop on rough surfaces more easily than on smooth surfaces. 
Trees with flaky bark, going through fairly frequent exfoliation cycles, will 
be uncolonizable by certain lichens. Des Abbayes (1934) and Kalgutkar and 
Bird (1969) found many species limited to the bases of pines due to the 
flaking of the bark near the treetops. This contrasts sharply with post oak 
(Quercus stellata*) which becomes a less suitable substrate on the older 
parts of the trunk due to the increasing flakiness of the bark (Adams and 
Risser, 1971a). 

The species on the smooth twigs of Fraxinus excelsior comprise a com
munity quite different from that on rougher, older twigs from the same tree 
(Degelius, 1964). On rough and fissured bark, some lichens can be seen to 
colonize the crevices and some the plates (Brodo, 1968; Yarranton, 1967) 
although it is not clear whether in this case it is a matter of colonization 
ability on rough versus smooth surfaces, or survival in moist (crevice) versus 
dry (plate surface) microhabitats. 

Rough rock surfaces normally bear a richer lichen flora than smooth sur
faces, and undoubtedly the ability to compete successfully on very smooth 
stones evolved in some species surviving under extremely rigorous condi
tions of colonization. Lecidea erratica, for example, is largely restricted to 
smooth pebbles on Long Island, New York probably due to this ability to 
compete (Brodo, 1968). Lichens frequently first colonize the softer parts of 
rocks, such as mica, and the edges of layered rocks. On the other hand, some 
species of Heppia colonize the hard pebbles, not the soft matrix, of some 
types of conglomerate rocks, apparently due to the instability of the matrix 
(Wetmore, 1970). 

In western North America, the leaves of Thuja plicata are regularly colo
nized by nearby twig-dwelling species, whereas the leaves of other ever-

* Scientific names of all vascular plants, bryophytes, and animals are used in the original 
author's sense. Lichen nomenclature follows Hale and Culberson (1970) or Grummann (1963) 
unless otherwise noted. 
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greens are generally free from lichens (Vitt et al., 1973). The heavy lichen 
growth on the leaves of Thuja seems to be due entirely to the rough and 
scurfy nature of the leaf surface (Daubenmire, 1943). 

Galun (1963) compared the lichen vegetation of various types of limestone 
rocks in the Negev of Israel and found the same community whether the 
rocks were crystal limestone, litographic limestone, flinty limestone, or 
dolomite, all having different textures and hardness. A similar observation 
was made by Degelius (1955) with regard to crystalline and noncrystalline 
limestone except that the crystalline limestone had a richer flora. However, 
Braun-Blanquet (1951) reported that dolomite is species-poor compared to 
limestone. 

Lichens, being slow-growing, normally connot develop on moving or shift
ing sand and soil. In sandy areas, lichens normally gain a foothold on dead 
vegetation, especially on the dead stumps of grasses (Alvin, 1960; Robinson, 
1959; Brodo, 1961) or on moss (Richards, 1929; Alvin, 1960; Brown and 
Brown, 1968). Species of Peltigera tolerate moderate sand coverage (Brown 
and Brown, 1968) and so are early colonizers of dune areas. McLean (1915) 
thought that the instability of the sand was the determining factor in the 
dune vegetation he studied. He recorded a succession of species along a 
gradient from bare sand to stone-stabilized "shingle," with Cornicularia 
(sub Cetraria) aculeata f. acanthella and Cladonia furcata invading the spots 
surrounded by stabilized sand. 

B. Water Relations 

The availability of moisture has long been recognized as a factor in the 
distribution of lichens. In a recent study by Kershaw and Harris (1971), for 
example, using the "systems model" approach based on physiological in
vestigations, the authors concluded that the vertical distribution of Parmelia 
caperata on tree trunks was determined by water availability, and not by 
light. Barkman (1958) discusses the relationships between the moisture 
capacity of bark and the distributions of epiphytes in great detail. Both 
Smith (1962) and Harris (1971b) found that substrate moisture acts in the 
hydration of the thalli, thereby influencing the lichen's rate of photosynthesis 
and respiration. 

1. BARK 

In discussing the moisture relations of bark, there are two elements to 
consider: (a) the moisture of the bark originating from the tree's metabolic 
activities and (b) the moisture originating from the external environment 
through rain, snow, fog, dew, inundation, etc. 

It has been suggested that the distribution of certain hypophloedal crus
tose lichens (those living under the outermost cork layers) is determined by 
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the moisture available in the living bark tissue of thin-barked trees (Johnson, 
1940). It is interesting and somewhat surprising in this regard that smooth-
barked trees such as Betula and Fagus have the lowest transpirational rates 
and those with fissured bark such as Quercus and Pinus have the highest 
transpirational rates (Geurten, 1950). Whether epiphytes benefit from this 
transpirational moisture is not known. 

Most authors feel that externally derived moisture is the more important 
water source for lichens, and have examined the natural moisture content 
[the humidite remanente of des Abbayes (1932)] and moisture capacities of 
many phorophyte barks in efforts to find correlations with epiphytic vege
tation. 

It is logical that barks with different densities, porosities, textures, and 
internal structures should differ in their capacity to absorb and hold water. 
In analyzing the epiphytic vegetation on oaks and pines, des Abbayes (1932) 
concluded that the oaks had considerably more humidite remanente 
than did pines. He found that oaks not only retain more moisture, but 
liberate it more regularly and make it available to the lichens over a longer 
period of time and at higher levels. Differences in epiphytic vegetation 
between Quercus velutina and Q. alba (Hale, 1955) and Pinus albicaulis and 
Larix lyallii (Kalgutkar and Bird, 1969) were attributed largely to differences 
in bark water capacities between the phorophytes. Culberson (1955b)found 
that a "continuum" of epiphytic plants in northern Wisconsin agreed fairly 
well with a continuum of bark-moisture capacity, pointing to a possible rela
tionship between them. Margot (1965) was able to relate differences in the 
epiphytic vegetation on the bark of poplars of different age to differences 
in moisture capacity over a tree-age gradient. 

Various terms such as "substratohygrophilous" have been proposed for 
lichens requiring substrates with high moisture contents (des Abbayes, 1934; 
Barkman, 1958). Since the species given by des Abbayes as examples might 
well be found on substrates with low moisture capacities but in wet situations 
(e.g., rain tracks, seepage walls, close to bodies of water, etc.) I can see 
little value in adopting terms of that kind. 

A list of trees in decreasing (or increasing) order of moisture capacity 
would be useful in the study of epiphyte ecology. Unfortunately, such 
a list will not be practical until methods for measuring and expressing 
bark-moisture relations are more or less standardized. Even then, vari
ations within the trees themselves—whether within species, populations, 
or even individuals—will always be a serious problem, as will be seen 
below. First we will examine methods of moisture determination and 
expression. 

Some authors have simply measured the field-water content of bark 
samples collected under "comparable" conditions, expressing it as a percent 
dry weight (Young, 1938; Billings and Drew, 1938). The difficulties of getting 
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reproducible results with differences in atmospheric humidity, and fluctua
tions in air temperature are obvious (see Barkman, 1958). It is known, for 
example, that natural bark moisture varies not only seasonally but diurnally 
as well. Moisture content is greatest in the rapid growing period, less in early 
spring and winter and least in autumn (Srivastava, 1964). 

More frequently, authors have saturated bark samples in the laboratory 
in various ways and measured total moisture capacity either directly (as 
water absorbed per unit dry weight of bark, per unit volume, or per unit 
surface area of the sample), or indirectly, determining the rate of water 
absorption to saturation and/or the rate of water loss under given conditions. 
Barkman (1958) summarizes the subject admirably. It was he who first 
showed some dissatisfaction with the standard "dry weight" expression of 
water capacity, and suggested that a "per unit volume" expression was 
more realistic. LeBlanc (1962) and Margot (1965) determined the moisture 
capacities of their material and expressed their results both as ratios to dry 
weight and surface area of the sample. Indeed, ordinations of various species 
of trees, or age classes of the same tree, are entirely different depending on 
the method of expressing moisture capacity. Both LeBlanc (1962) and Brodo 
(1968) found that in comparing the moisture capacities of Quercus rubra 
and Fagus grandifolia, the former species is more mesic than the latter in a 
surface area expression, but quite the opposite is true with a dry-weight 
expression. 

In measuring surface area it is probably better to use pieces of aluminum 
foil fitted as closely as possible to the contours of the bark sample and then 
weighed, deriving the surface area from a graph plotting foil weights against 
known surface areas (Brodo, 1968) rather than to use the external dimensions 
of the samples alone. 

It is difficult to state unequivocally which method of expression is "better." 
The object, obviously, is to find a method which best reflects the factor which 
actually controls the distribution of the vegetation. Since the dry-weight 
expression is strongly affected by the density of the bark sample, it would 
seem that a surface area expression is more realistic. The surface area, of 
course, is much more difficult to measure accurately and has a narrower 
range than the dry-weight measurement (10-60 gm water/100 cm2 versus 
[13—]29— 178[-465]% water absorbed/dry weight). 

The volumetric expression does not seem very valuable unless the sample 
volumes are carefully controlled, with the "nonabsorbing" portions of the 
sample kept to an absolute minimum. In addition, the problem of deter
mining volume is compounded by the tendency of some bark types to trap 
air bubbles in standard water-displacement methods (Brodo, 1968). 

All these methods of expressing moisture capacity still suffer from varia
tions due to the characteristics of bark itself. For example, in some cases 
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the moisture capacities of bark at different exposures (Barkman, 1958) or 
vertical position (LeBlanc, 1962) of the same tree are different, and the 
same is true of trees of different age (Brodo, 1959; Margot, 1965). LeBlanc, 
however, could not detect any difference in the moisture capacities of bark 
samples from different exposures of the same tree. The moisture capacity 
of bark samples of a single tree species sampled in various vegetation types 
(wet versus dry) can be quite distinctive and can sometimes differ by a 
factor of three (Brodo, 1959). It therefore would seem highly unlikely that 
data derived from populations of a species in one part of its range would 
be directly comparable with data gleaned from trees in another part of its 
range. In fact, it is surprising that so close an agreement among the moisture 
capacities of some tree species has been found by various authors. 

With all these things in mind, perhaps we might still hazard a few general
izations concerning the moisture capacities of various trees. Oaks, by and 
large, have low moisture capacities. This is even true of the "soft-barked" 
oaks such as Quercus alba, if surface-area expressions are considered. Elms 
have high moisture capacities, and pines are somewhere in between, as is 
beech. 

The impact of these moisture capacities on the epiphytic vegetation appar
ently is determined, to a large measure, by the general moisture available 
to the epiphytes from the air. In moist woods, the effect is not nearly so 
marked as it is under xeric conditions (Billings and Drew, 1938; Barkman, 
1958; Brodo, 1959; Margot, 1965). 

2. ROCK AND SOIL 

Much less has been published concerning the water relations of other 
types of substrates. Certainly various soil and even rock types absorb, bind, 
and release water at different rates and to different degrees. Sand holds 
less water than does a mixture of sand and humus, or even clay, and it holds 
this water for a much shorter period of time. The problem of relating lichen 
vegetation to moisture capacities of rock and soil types is seriously com
plicated by variations in available nutrients from one substrate type to 
another. The same is also true of bark, but presumably to a lesser degree, at 
least within each tree species. This will be discussed in the next section. 

C Chemistry 

It is almost universally acknowledged that lichens are affected by their 
chemical milieu, and that many aspects of their microdistribution are deter
mined by the chemistry of the substrate. 

As a result of recent research on the physiology of the intact lichen thallus 
as well as of isolated lichen components, we now know that lichens are not 
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only able to absorb minerals but actually are efficient accumulators, and 
that lichens and their components can utilize a wide range of organic nitro
gen and carbon sources as well (Smith, 1962). 

1. MINERALS 

The inorganic minerals and organic substances formed in, or washed 
from, the substrate surfaces seem to be of great significance in lichen distri
bution. Barkman (1958), in reviewing the influence of bark chemistry on 
lichens, concluded that it is more important to investigate the chemical 
composition of the water in contact with the bark and lichen than it is to 
investigate the chemical composition of the substrate itself. His conclusion 
can be applied equally well to other substrates, including soil and rock. 
Barkman pointed out that many minerals in the substrate are either in
soluble, or in a state unavailable to the plant. 

a. BARK. In their detailed study of the nutrient content of stem flow 
(the water flowing from the tree's crown down the trunk after a rain), Carlisle 
et al. (1967) have provided us with excellent data on the nutrients available 
to tree-trunk epiphytes. They found that although stem flow is only 1-2% of 
the annual throughfall (the rain water passing through the crown and falling 
to the ground), it is very rich in nutrients. Compared with throughfall water, 
the stem flow from Quercus petraea had high concentrations of Κ (up to 
9.9 ppm), calcium (up to 15.4 ppm), magnesium (up to 4.9 ppm), sodium 
(up to 40.6 ppm), organic matter (up to 142.0 ppm), soluble carbohydrates 
(up to 14.1 ppm), and polyphenols (up to 9.0 ppm). Kaul and Billings (1965) 
showed, in their studies of Pinus taeda, Acer rubrum, Cornus florida, and 
Liriodendron tulipifera, that the concentrations of minerals in the stem flow 
will vary among different tree species. Carlisle and his co-workers analyzed 
the mineral content of the bark to determine the source of the stem flow 
nutrients, and concluded that whereas the leaching of the bark tissues could 
contribute to stem flow nutrients, some nutrients undoubtedly originate 
from the water passing over the leaves, twigs, etc. Although the importance 
of stem flow in the mineral supply of epiphytes has been acknowledged for a 
long time (see Hilitzer, 1925), it seems obvious that much more work of this 
kind is needed before we will really begin to comprehend the nutrient en
vironment of epiphytes. 

Bark chemistry has often been approached through studies of ash content. 
The principle involved was stated by Barkman (1958, p. 96): "... a close cor
relation exists between total electrolyte concentration and epiphytic vege
tation. The former is expressed by the ash content of the bark." Even 
considering the ash content by itself, i.e., percent of dry weight, Barkman 
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found correlations with the epiphytic vegetation: The Physcietalia ascenden-
tis is found on eutrophic bark (ash content [5-] 8-12%); the Arthonietalia 
radiatae and Parmelion caperatae are associated with mesotrophic trees (ash 
content [2—] 3—5%); the Calicion hyperelli and Parmelietaliaphysodo-tubu-
losae are, by and large, associated with oligotrophic tree bark (ash content 
0.4-2.7%). Examples of eutrophic trees are Acer pseudoplatanus, A. plata-
noides, Sambucus nigra, and Prunus avium; some mesotrophic trees are 
Quercus robur, Q. petraea, Fagus silvatica, and Fraxinus excelsior \ oligotro
phic trees are species of Betula, Picea, and Abies. The bark of softwoods 
(i.e., conifers) only has an ash content of 0.6-2.5% whereas the ash content 
of hardwood bark is 1.5-10.7% (Chang and Mitchell, 1955). Margot (1965) 
investigated the electrolytic conductivity of poplar bark of various ages, 
and found that conductivity decreases regularly with bark age. Margot 
expressed conductivity as "micro-mhos/cm" rather than ash content, and 
therefore his data are not directly comparable with those of Barkman. 

Barkman (1958) not only made comparative measurements of ash con
tents but provided detailed analyses of Ca, K, Na, Mg, Fe, P, S, Si, CI, tannin, 
and resin concentrations (most as oxides) for 20 species of European trees. 

More recently, Fabiszewski (1968) analyzed the chemical content of bark 
samples under different lichen communities. Besides finding clear pH cor
relations with the communities (see below), he found that bark associated 
with the Lobarietum pulmonariae had twice as much iron as did the bark 
associated with the Calicietum viridis, and also had by far the greater amount 
of magnesium and calcium. 

b. ROCK AND SOIL. Attempts to analyze the distribution of saxicolous 
lichens according to lithochemistry are not very common. Generally, if rocks 
contain much calcium they will support very similar floras despite other 
constituents of the rock (see Galun, 1963). Lime-containing rocks have long 
been known to differ significantly from lime-free rocks in their vegetative 
cover. Werner (1956) determined the pH values and silica concentrations 
of various rock types and found that the granite of his area contained 65-74% 
silica, and the schists contained 57-61% silica. He concluded that the only 
difference between the two rock types which might explain their different 
lichen cover was the concentration of silica. 

Serpentine presents a very interesting problem in substrate chemistry. 
Both Rune (1953) and Ritter-Studnicka and Klement (1968) noted that 
serpentine rocks support lichens usually associated with siliceous rocks as 
well as lichens generally thought of as lime-loving. Ritter-Studnicka and 
Klement, for example, found species of Rhizocarpon growing along with 
Dermatocarpon miniatum and Physcia caesia. Many observed that serpentine 
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rocks and soils are generally species-poor, and this led to investigations of 
serpentine chemistry. Rune (1953) found that serpentine soils were high in 
many heavy metals, MgO, Si0 2 and often F e 2 0 3 . The soluble potassium 
and phosphate were low, but no lower than in many relatively fertile soils. 
He found the Ca content varied widely. Rune concluded that the inhospi
table character of serpentine, both for cryptogams and phanerogams, was 
due to toxic levels of nickel and chromium, low nutrition, low Ca, high Mg, 
and some mechanical characteristics (see also p. 441). 

The possibility that the microdistribution of lichens on a rock surface 
might be due to a differential distribution of nutrients and minerals was 
raised by Scott (1967) in a study of lichen communities on granite "kopjes" 
(a special kind of outcrop) in Rhodesia. A complicated distribution pattern 
of lichens over the rock surface and around the small rock pools and channels 
seemed to the author to be due in part to the chromatographic effect of 
nutrient-laden water seepage over the rock surface, with the adsorption and 
chelation of certain minerals resulting in a differential zoning of nutrients. 
Even if no chromatographic effect were taking place, the author felt that 
considerable concentrations of precipitated salts would occur in certain 
areas of the drainage channels which could explain the lichen-free and 
lichen-rich zones which he observed. Each rain would bring about a repeti
tion of the mineral precipitation cycle, bringing about "local concentrations 
of substances having a growth-promoting or retarding effect on different 
lichen species" (Scott, 1967, p. 376). It would seem to me, however, that 
his striking lichen-free zones on the lips of water channels and pools might 
better be explained by the net assimilation deficit which would occur in spots 
frequently subjected to flooding and drying (see Ried, 1960; Harris, 1971b). 
Scott himself mentions this possibility in a different context on p. 374 of his 
paper. 

Although lichens absorb and accumulate minerals, their mineral com
position does not always accurately reflect the composition of their sub
strate. Dormaar (1968) found that the infrared spectra of the rocks differed 
from those of the minerals in the lichens growing on them, although the 
residues and weathered rock zones were more similar. He found, for example, 
that a specimen of Caloplaca growing on dolomite showed no evidence of 
Mg or carbonate in the peroxidized material, not even MgC0 3 . There was, 
however, a good deal of calcium in the thallus. It therefore seemed that 
Caloplaca picks up Ca in preference to Mg in dolomite. He concluded from 
his studies that "It is likely that lichens obtain at least part of their minerals 
from the substrate." A similar conclusion was expressed more negatively by 
Jenkins and Davies (1966). They found close correlations between the 
minerals in lichen ash and ash from material deposited from the air, and 
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poor correlations between lichen ash and the minerals of their substrate. 
They concluded that lichens are not nearly so dependent on their substrates 
for nutrients as was previously thought. 

Hertel (1967) in a study of calcicolous Lecideae presented a most interest
ing diagram depicting the relative "calciphily" of 35 taxa of Lecidea. The 
diagram showed that each taxon has an optimum in a continuum of rock 
types from reine Kalke und Dolomite (pure lime and dolomite) to harte 
Kieselkalke u.o. kalkarme Gestein (hard siliceous limestone and/or lime-
poor stone), and that some taxa had greater ranges of tolerance than others 
(e.g., Lecidea rolleana sens. str. versus L. subrhaetica Arn. ex Lett.). How
ever, it might be argued whether or not these optima entirely, or in part, 
represent responses to other factors such as the rock hardness, Mg content, 
and Si content. 

The response of certain lichens to extremely high heavy metal concentra
tions has already been mentioned with regard to serpentine rocks. Acarospora 
sinopica, growing on iron slag, accumulates incredibly high concentrations 
of some minerals (55,000 ppm of iron and 1100 ppm of copper, both per dry 
weight of lichen thallus), reflecting the concentrations in the slag, with 
apparently little ill effect (Lange and Ziegler, 1963). In New Brunswick 
(Canada) lichens were found surviving in copper seepage areas where the 
levels of Cu were 1% or 300 ppm at the surface (Beschel, 1959). Peat at the 
center of the swamps had up to several thousand ppm near the surface, and 
the lichens growing on the peat had the same high values. The question of 
how lichens are able to tolerate these concentrations is intriguing and 
possibly important. 

2. HYDROGEN ION CONCENTRATION 

Of all the aspects of substrate chemistry which might be considered, the 
hydrogen ion concentration or " p H " has certainly been the most studied 
and discussed. Many authors have cited pH as the main or entire cause of 
certain lichen distributions while others have found no pH-lichen correla
tions at all. 

The acidity or alkalinity of the substrate can act on a lichen thallus in 
numerous ways. Various minerals and organic substances are in different 
chemical states under different pH regimes, some more "available" than 
others; diffusion rates may change at different pH's; some substances are 
toxic under acidic conditions and harmless when deacidified. Whatever the 
mechanism of influence, it is evident from numerous studies that the distri
bution of some lichens and lichen communities is strongly correlated with 
substrate acidity. 
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a. BARK. The bark pH of many species of trees was determined by a 
number of authors. Some investigated the pH of the stem flow (Carlisle et al., 
1967), but most took material from the surface layers of bark and tested 
mixtures of ground or chopped sample fragments and distilled water. They 
found that different species of trees have bark of different acidities, although 
the pH of bark samples of the same species taken from different localities or 
vegetation types in a region generally do not differ significantly (Brodo, 
1961). Often, the range of pH for a given species is extremely wide, probably 
reflecting differences in sampling procedures (see p. 413). Hale (1955), for 
example, reported a range of 5.0-7.0 for Ulmus rubra. One must remember 
that pH is a logarithmic value and that a bark sample with a pH of 5.0 is 
100 times more acidic than one with a pH of 7.0.* 

As with the moisture-capacity values, certain trends do emerge. Oaks and 
pines are highly acidic, with the notable exception of white oak (Quercus 
alba) which is known to have an epiphytic flora unlike that of the more acidic 
oaks (Hale, 1955). Acer rubrum is much more acidic, and A. negundo closer 
to neutral than are other maples, and this is reflected in their epiphytic floras. 
Brodo (1959) noted lichens characteristic of elms on Acer negundo. Although 
Culberson (1955b) placed Acer rubrum midway in a pH series, he found 
that tree fairly similar in its epiphytic vegetation to Pinus strobus which 
had the most acidic bark. Ulmus and Populus are generally regarded as 
neutral-barked species (Barkman, 1958), but the bark of Populus apparently 
can be fairly acidic sometimes. Margot (1965) found pH values of 4.8-5.5 
on his trees, Brodo (1968) had a value of 3.9 with a single tree on Long 
Island, and Culberson (1955b) found that "Populus spp." in Wisconsin had 
more acidic bark than Quercus rubra or Fagus grandifolia (although he pre
sented no numerical values). 

Du Rietz (1945) reported that the number of species on a tree is correlated 
with pH (acidic bark having fewer species than alkaline bark). He has been 
supported by evidence given by Fabiszewski (1968), but disputed by Aim-
born (1948) and Culberson (1955b) (see p. 424). 

Fabiszewski (1968) presented an analysis of the chemical affinities of some 
lichen communities in Poland noting their pH optima. The precise nature of 
these "requirements" is somewhat obscured, however, by Fabiszewski's 
observation that significant differences in mineral content were found under 
the different communities (see p. 409), and that the lowest quantity of ash is 
from bark having the greatest acidity, and vice versa. [It should be noted 

* In this connection, it should be noted that the practice of averaging pH values is not valid, 
although it is done almost universally by lichen ecologists. It is used here to the extent that 
"average pH" gives an indication, although an imperfect one, of relative hydrogen ion concen
tration of various bark types. 
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that Carlisle et al. (1967) observed precisely the reverse relationship between 
pH and mineral content.] Barkman (1958) has reviewed the work done on 
the effects of pH on epiphyte distribution, with particular emphasis on the 
European trees. 

Variation in the pH of the bark of the same tree species or even the same 
tree makes pH-lichen distribution correlations difficult to interpret. For 
example, there are variations in the pH of stem flow of Quercus petraea in 
different seasons (Carlisle et al., 1967) and significant differences with tree 
age in Populus (Margot, 1965). Young (1938) reported very small but consis
tently higher pH values on the north side of the trees she examined as 
compared with the south side, and Hale (1967) reported that bark acidity 
is greater at the base than at upper levels of a tree trunk. 

Of course, the bark chemistry and pH can be severely altered by external 
as well as internal conditions. Barkman (1958) covered these conditions in 
detail. Briefly, however, one might mention: bark wounds are generally al
kaline and salt spray raises pH as do most types of roadside dust, especially 
near farms where the dust is rich in ammonia. City air pollutants are gener
ally acidic [ S 0 2 oxidizes to S 0 3 which hydrates to H 2 S 0 4 ; nitrous oxides 
form nitric acid (Katz, 1961)] and can lower the bark pH of all city trees. 
That these external sources of acid or base have an effect on the lichen vege
tation is widely recognized (see references in Barkman, 1958). 

b. ROCK AND SOIL. The pH of rock substrates has not been studied 
as much as that of bark, but some data are available on certain rock types. 
Schatz (1963) found that granite is slightly alkaline, mica is slightly acid, 
and marl is very acid. Serpentine soils and, presumably, the serpentine rocks 
that weathered to form them, have pH's ranging from 4.5-8.3, but usually 
are between 6 and 7 (Rune, 1953). Perhaps this is why serpentine floras 
contain basicolous and acidicolous plants living together (see p. 409). 

Perhaps the most comprehensive treatment of soil and rock pH with 
regard to lichen vegetation is that of Mattick (1932). Mattick classified and 
listed 83 species according to their substrate pH affinities. Basically, he 
recognized four groups: acidophilus: most frequently found on acidic 
substrates; basiphilous: most frequently associated with alkaline substrates; 
neutrophilous: usually on neutral substrates; and bodenvage or neutral 
species: having little association with any particular pH. Mattick found most 
lichens prefer decidedly acidic soil [quite the opposite from the situation in 
bark (Du Rietz, 1945)] and that most lichens have relatively narrow rather 
than broad pH "requirements." The pH correlations have to be considered 
with great care, however, because several other characters of the soil and 
rock are associated with pH, and one cannot be sure to what the lichen is re
sponding. For example, as lime-rich rock, which is alkaline or neutral, starts 
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to weather and build up humus, it becomes more acidic (Mattick, 1932). The 
higher water-retaining qualities and organic nutrient content of acidic soils 
must then be taken into consideration. Mattick felt that these physical 
characters could not be the overriding influence, however, since he observed 
that rock or soil types having apparently identical physical properties, but 
which differed in chemical reaction, had a distinctive lichen vegetation. 
Conversely, rocks and soils greatly dissimilar in physical makeup but which 
were identical in reaction had the same sort of lichen vegetation. 

Lichens growing on sand dunes show distinct correlations with soilpH. 
Alvin (1960) stated that analyses of the pH-lichen correlations in Dorset 
(England) agreed strikingly with those of Rypacek (1934) , working in 
Czechoslovakia. Looman (1964) also observed close similarities between the 
pH optima of some lichen communities in Saskatchewan (Canada) and the 
pH values reported for equivalent European communities. On Long Island, 
New York, Cladina (sub Cladonia) submitis and its associated lichens were 
abundant on the south-shore and inland localities where the pH was 4 . 2 - 4 . 6 , 
and absent from the north shore on identical sand types, but where thepH 
was 5 .1-6 .2 (Brodo, 1968). 

3 . ORGANIC NUTRITION 

The role of organic nutrition on lichen distribution, or, more generally, 
the problem of the extent to which lichens make use of organic, and, in 
particular, living substrates is still unclear. Sugars and other carbohydrates 
of various kinds have long been known to be bark constituents (Srivastava, 
1964). Many lichens produce an array of extracellular enzymes, especially 
close to their points of attachment, suggesting that the substrate is being used 
as a nutritional source (Moiseeva, 1961). For years, it was suspected that 
lichens could enter into a kind of semiparasitism with living substrates such 
as young trees and mosses, or at least live as saprophytes. Investigations of 
the physical attachments of lichens to their substrates revealed that many 
species, especially the crustose lichens, invade living tissue on occasion (see 
Section IV), and it was assumed that lichens could absorb and utilize organic 
substances encountered. Bouly de Lesdain (1912) , Johnson (1940) , and 
Brodo ( 1968) observed that some lichens associated with living trees die 
or at least fail to discharge spores after the tree dies. Bouly de Lesdain, 
however, attributed this to the possible formation of toxic substances in the 
tree after its death, and Johnson suggested that moisture, rather than nutri
tion, may be the cause. Johnson added, however, that he believed some 
hypophloedal species in the Pyrenulaceae and Trypetheliaceae "must aquire 
a portion of their nourishment from their substrate" (Johnson, 1940, p. 26) . 

The only direct evidence concerning a lichen's possible use of the sap 
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water and nutrients of living trees comes from the work of Trotet (1969). He 
studied the uptake of radioactive phosphorus (as monopotassium phosphate) 
by Ramalina calicaris, Parmelia melanothrix Wain., and Usnea ceratina 
from the branch of Quercus suber. Trotet found that while the woody tissue 
and leaves of the branch picked up the labeled phosphate, the lichens did 
not. Although concluding that lichens do not seem to absorb minerals (at 
least not phosphate) from the living host, he conceded that the story might be 
different with crustose species and recommended some further experimenta
tion to investigate this. It would be particularly interesting to see what the 
uptake might be of the more substrate-specific hypophloedal lichens living 
within the primary periderm of certain trees and shrubs such as Ilex, Fagus, 
or Alnus, especially in view of the possibility that the mycobionts of the 
crusts may live within the bark tissue for considerable periods of time in 
a nonlichenized state (Fink, 1913). The nutritive contribution of thechloro-
plast-containing phelloderm cells of these thin-barked phorophytes should 
be of particular interest in this regard. However, besides some studies of 
photosynthesis in aspen bark (Pearson and Lawrence, 1958), little is known 
about this aspect of bark physiology, and even less is known of the possible 
effect of such photosynthetic activity on epiphytic vegetation. 

It has sometimes been suggested that foliicolous lichens parasitize the 
leaves upon which they grow, although it seems clear now that this is not the 
case (Fink, 1913; Santesson, 1952). Santesson observed that while most 
foliicolous lichens are obligate leaf-dwellers, they rarely show a specificity 
towards a host species or higher taxonomic group as do nonlichenized fungi 
on leaves. In addition, Santesson never noted any penetration of the leafs 
epidermis. 

There is some evidence, however, that a few lichens may derive nutriment 
directly from their bryophytic host. The physical invasion of moss tissue by 
lichen-fungus hyphae was described long ago (Zukal, 1879). That there may 
be such a thing as a double-symbiosis of lichen mycobionts with algae as well 
as bryophytic tissue was suggested by Buchloh (1952, cited in Poelt and 
Hertel, 1968) with regard to the lichen Paryphaedria heimerlii Zukal living 
on the liverwort Tritomaria quinquedentata, and by Poelt and Hertel (1968) 
with regard to Ρ achy ascus lapponicus growing on the moss Andraea. 

D. Temperature 

One other aspect of substrates, generally overlooked, but which can affect 
the distribution of lichens, is surface temperature. Under experimental 
conditions, it has been shown (Lange, 1953) that wet lichens are killed be
tween 35°-46°C, although some seem to be able to survive temperatures 
over 70° C when they are dry. Smith (1962) also mentions that high tempera-
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tures can have a harmful effect on certain physiological processes, although 
most lichens seem to tolerate heat very well. The indirect effect of substrate 
heating, by increasing the water loss and respiration rate, may be even more 
significant. Hoffman and Gates (1970) studied the effect of heating on lichens 
and found that while it is possible for the lichen to be heated to a lethal 
level under natural conditions, this seldom, if ever, happens due to convec
tion and evaporational cooling. In addition, since lichens dry out so fast, it 
is unlikely that they would be subjected to very high temperatures in a moist 
condition (Haynes, 1964). On the other hand, Hoffman and Gates pointed 
out that the rock substrate provides an important mechanism in the regula
tion of thallus temperature. Rock, being an efficient heat sink, loses warmth 
accumulated during the day very slowly at night, and then helps to keep the 
lichen cool during the heat of the afternoon by its slow heat absorption. They 
note that small rocks are less effective in this respect than are large boulders, 
and this might help explain the restriction of certain lichens such as Trapelia 
(sub Lecidea) coarctata to small pebbles in exposed dry habitats (Brodo, 1968) 
where a special ability to compete under rigorous conditions might be a 
factor in their distribution. In very cold climates, the ability of a substrate to 
absorb and hold heat might be a factor in substrate "selection" by lichens. 
In Antarctica, for example, Rudolph (1963) recorded surface temperatures 
of 90° F (32° C) on insolated rocks. 

The effect of bark color, heat-absorbing ability, and heat loss on the 
temperature of corticolous lichens was discussed in detail by Barkman (1958). 
Barkman suggested that possibly some lichens which are "anheliophytic" 
(against shade) might still be restricted to the north side of trees if they are 
also "thermophobous" (disliking heat). Studies by Brodo (1959) showed no 
relationship between bark-surface temperature and the distribution of 
lichens, but it is conceivable that where the rate of moisture loss is critical to 
a species, its increased heat due to substrate heating properties may be 
decisive. 

IV The Lichen-Substrate Interface 

A. Bark and Wood 

Generalizations about the extent of penetration of lichens into tree bark 
cannot be made since the degree of penetration is dependent upon each 
lichen's ability and inability in this regard, as well as upon the bark type. 

Certain tissues of fruticose lichens, such as Ramalina, Usnea, and Evernia, 
often extend deep into the corky bark tissue by growing between the peri
derm layers with "hapteral" wedgelike action. Studies of Ramalina species 
by Porter (1917) showed that these lichens gain entrance to the inner bark 
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tissue through cracks and lenticels, extending even into the cambium and 
youngest cells of the wood. In Ramalina, the penetrating tissue is chiefly the 
cortex; in Usnea it appears to be mainly the axis (Fig. 1; see Porter, 1917, 
and references cited therein). 

Foliose lichens penetrate less, but still are firmly attached by rhizines 
which grow at their tips among the loose cork cells. Porter (1919) said that a 
kind of hypothallus was formed on the surface of the bark by the tips of the 
rhizines. The hypothallus finally proliferates and grows between the cork 
cells. My sections of Physcia and Dirinaria species (Figs. 2 and 3) show traces 
of the development of a hypothallus of that kind, but only the most super
ficial invasion of the phellum. Even less penetration was seen with Hypogymnia 

physodes in which the lower cortex simply develops elongated hyphae which 
grow loosely among the surface bark cells thus providing firm thallus attach
ment (Fig. 4). Porter (1919), however, reported that this species had no lower 
cortex at the contact point and that the medullary hyphae grew into the bark 
layers much like an epiphloedal crust. 

Corticolous crustose lichens are commonly divided into "epiphloedal" 
and "hypophloedal" species according to their position relative to the surface 
layers of bark. Epiphloedal lichens develop with most of the tissues (especially 
the algal layer) above the outermost corky layers, although some bark 
material is often incorporated into the lower portions of the thallus (Fig. 5). 
The thallus of hypophloedal crusts is entirely below the outermost periderm 
tissue. The fungal tissue does not actually pierce the cork cells, but rather 
grows around them, pushing them aside (Fry, 1926). 

The fact that hypophloedal lichens generally are associated with trees 
having bark with a persistent, primary periderm which is still photosynthet-
ically functional seems particularly significant with regard to the lichens' 
possible nutrition and specificity (see p. 414; Fink, 1913; Johnson, 1940; 
Dickinson and Thorp, 1968). However, sections of hypophloedal crustose 
species together with their bark substrate generally show the lichen thallus 
to be confined to the corky outer periderm layers and separated from the 
living and sometimes chlorophyllous phelloderm by one or several layers of 
suberized impermeable cork cells (Fig. 6). This can also be seen in some of 
Johnson's illustrations (especially his Plate3, Figs. 1 and4; and Plate4, Figs. 
1, 7, and 9). The close proximity of the mycobiont hyphae to the living 
phelloderm, however, still suggests the possibility of occasional contacts, 
especially at lenticels or natural fissures (Fig. 7). 

In studies of members of the Trypetheliaceae growing on thin-barked 
trees, Johnson (1940) found that the entire thallus development occurred 
within the periderm, from initial lichenization with Trentepohlia filaments 
(which had already penetrated the bark 8-10 cell layers deep) to complete 
perithecial maturity. 
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FIGS. 1 - 4 . Fig. 1, the penetration of the dead bark tissue (bk) of Picea sp. by the axis tissue 
(ax) of Usneacomosa auct. (Wisconsin. Brodo 5707. CANL); Fig. 2, attachment of Physcia stellaris 
to Pinus flexilis showing the intricate winding of the mycobiont hyphae (mh) around the loose 
cork cells (Alberta. Bird and Kalgutkar 19945. CANL); Fig. 3, the attachment of Dirinariapicta. 
Note the localized discolorations of the phellum where the cork cells and lichen rhizinae (rh) 
contact (Florida. Shchepanek 58. CANL); Fig. 4, Hypogymnia physodes attached by prolifera
tions of the lower cortical hyphae ( lc ) , (Ontario. Stewart 324. CANL.) 
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Ozenda (1963) presented a well-illustrated review of the substrate inter
faces of corticolous crustose lichens. 

B. Rock 

Rock substrates prove to be a more formidable problem for the attach
ment of lichen fungal hyphae. However, many studies have shown how 
remarkably efficient lichens are in penetrating rocks of all kinds. Ozenda 
(1963) has provided an excellent review of this subject and Syers and Iskandar 
(see Chapter 7) give more specifics. 

C. Leaves 

Of the foliicolous lichens, all species except those of Singula and Racibor-
skiella are supracuticular; these two genera are subcuticular. Apparently, 
no obligately foliicolous lichens penetrate the leaf epidermis (Santesson, 
1952). The same is true of facultative foliicolous crustose and foliose species 
(Daubenmire, 1943). 

Z). Soil 

The attachment of terriculous lichens to the soil has not been studied in 
any detail. Except for a few species such as Lecidea uliginosa (Brodo, 1961) 
and some desert species (Shields et al, 1957), few lichens have the ability to 
invade and consolidate sand. Most either are merely buried to a slight extent 
at the base (McLean, 1915), or, more frequently, become attached to dead 
vegetation (see p. 404). 

V. The Effect of Lichens on their Substrate 

Related to the mechanical attachment of lichens is the effect lichens have 
on their substrate. The issue is an important one because lichens have been 
said to be the cause of significant damage to various man-made materials 
serving as lichen substrates and to living plants bearing corticolous species. 
The problem is also of considerable significance with regard to the often 
cited role of lichens in soil formation. 

A. Bark 

The breakup of the surface layers of tree bark by the growth and develop
ment of lichens has been well documented, and the question as to whether 
lichens have the ability to actually damage or even kill a tree is often raised. 
Certainly, lichens sometimes do form extensive growths over large areas of 
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bark. The lichen cover thereby traps moisture, which can lead to increased 
fungal activity (Kaufert, 1937) and decay rates, and can harbor insect life 
which may infest and damage the tree (Fry, 1926). Thick growth ofRamalina 
and Physcia has been reported to interfere in the development of adventive 
shoots in tea plants, mostly through competition for available sunlight 
(Asahina and Kurokawa, 1952). Apparently, some lichens can invade the 
bark so completely that lenticels are blocked, causing, as with Ramalina 
pollinaria, a "hypertrophy of the periderm and an erosion of the wood" 
(Porter, 1917, p. 25). The penetrating "hapteral system" of the Ramalina 
branches beneath the surface crushing and discoloring the cells (Porter, 
1917). Bouly de Lesdain (1912) claimed that the bark of willow trees was 
completely removed by the action of some lichens, especially Xanthoria 
parietina and Physcia adscendens, through penetration and alternate wetting 
and drying of their rhizines. 

Hypophloedal crusts such as Trypethelium and Melanotheca apparently can 
discolor and, to some extent, decompose the bark tissue they contact 
(Johnson, 1940). Aware of some of the effects of lichens on tree bark, Plitt 
(1929), in a study of lichens growing on the bark of "official drugs," won
dered if the bark beneath the lichen had the same drug properties as bark 
having no lichen cover. 

B. Rock Degradation and Soil Formation 

The varied role of lichens in rock degradation and soil formation is the 
subject of a separate chapter in this volume and the reader is referred there 
(Chapter 7). 

There seems no reason to doubt that the decomposition of crustose and 
foliose lichens invading bare rock surfaces contributes small amounts of 
humus to the surface, and that the lichens themselves trap more, permitting 
the establishment of other humus-requiring species of plants. It is equally 
clear, however, that except in certain areas and on certain rock types, 
chemical breakdown of minerals by lichens is extremely slow and, relative to 
the humus-forming role, almost insignificant. There is also abundant 
evidence that, except on the smoothest of rock surfaces, lichens are often 
not pioneers, but actually follow the establishment of other pioneer plant 
types, especially bryophytes. 

The effect of terricolous lichens on the chemistry of the soil can be either 
detrimental or beneficial to soil fertility. Shields et al. (1957) showed that 
lichens growing on alkaline desert soil may help to hold particles together 
and sometimes contribute to the nitrogen content of the surface layer 
(especially in the case of lichens such as Collema with blue-green algal 
phycobionts). 
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It is possible that at least lichens producing usnic acid can adversely affect 
soil fertility. Malicki (1965) found that some usnic acid is leached out of 
usnic-producing Cladinae and can be found in the soil beneath them. He also 
found that ammonification bacteria and those decomposing cellulose are 
affected by the antibiotic properties of usnic acid (although there is no 
effect on Azotobacter) (Malicki, 1967). 

Another, unrelated, effect of lichen products on soil chemistry was 
reported by Pyatt (1967). He established that an exudate of Peltigera canina 
can inhibit the growth and germination of certain vascular plants, thus 
influencing competition and succession in certain habitats. This was borne 
out by field observations. 

VI. Substrate Specificity 

The extent to which a lichen is restricted to a narrowly defined substrate 
type can be called its "substrate specificity." (The term "host specificity" 
implies a nutritional relationship which may or may not exist.) Some lichens 
are narrowly substrate specific, e.g., confined to one or two tree species or a 
particular rock type, and others are found not only on trees of different kinds 
but sometimes also on wood, soil, or rock. 

A. Species Which Have High Specificity 

No attempt will be made here to review extensively the subject of corti
colous lichen specificity since Barkman (1958) devotes a large portion (44 
pages) of his monograph to this subject. 

Among the most specific of tree lichens are crustose, hypophloedal 
species, especially those found on thin-barked shrubs and trees such as Ilex, 
Fagus, and to some extent, Acer. Members of the Trypetheliaceae are largely 
confined to Ilex, Fagus, (young?) Liriodendron, and species of Magnolia 
(Johnson, 1959; Brodo, 1968); Pyrenula nitidella to Fagus (Barkman, 1958); 
and Conotrema urceolatum to Acer saccharum (Gilenstam, 1969). Other 
lichens, which are extremely specific to a particular tree species in one area, 
may be found on many others in different regions. An excellent example is 
Parmeliopsis placorodia, which is found almost exclusively on Pinus rigida on 
the east coast of North America, only on P. banksiana in the Great Lakes 
region, and on P. ponderosa in the west (Culberson, 1955c; Brodo, 1968). 
Of the three species said to be restricted to a single tree species in the 
Netherlands (Barkman, 1958), all are found on numerous other trees else
where. 

Other very substrate-specific species such as Pachyascus lapponicus (living 
on the moss Andraea) (Poelt and Hertel, 1968), Calicium curtisii (on Rhus 
typhina), Stenocybe major (on Abies balsamea), and Leptorhaphis epidermidis 
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(on species of Betula) are suspected of being only partially lichenized or living 
as double-symbionts, semi-parasites, or saprophytes. 

Foliicolous lichens show little specificity and, apart from being restricted 
to leaves, are rarely associated with specific taxonomic groups of plants. 
Singula elegans, for example, is found on 99 different genera in 51 families, 
and Porina epiphylla (Fee) Fee is on 55 genera in 30 families (Santesson, 
1952). Santesson noted, however, that Singula is found only on one monocot 
and no ferns. 

Among the saxicolous lichens restricted to one rock type, the serpentine 
species Rhizocarpon sphaericum (Schaer.) Mig., Aspicilia serpentinicola (Suza) 
Ras., A. polychroma var. ochracea Anzi, and A. crusii Klem. should be 
mentioned (Ritter-Studnicka and Klement, 1968). In northern Sweden, how
ever, Rune (1953) found no serpentine-specific lichen. Many obligately 
calciphilous rock species are known, such as the "Gloeolichens": Phylliscum 
(sub Omphalaria), Peccania, Anema, Psorotichia, and Forssellia (sub Enchy-
lium) (Forssell, 1885, cited in Smith, 1921); Caloplaca heppiana (Mull. Arg.) 
Zahlbr., Lecanora calcarea, and Rhizocarpon umbilicatum (Syers etal., 1967); 
some species of the Heppiaceae (Wetmore, 1970); certain Lecideae (Hertel, 
1967); certain Collemae (Degelius, 1954); and others (see Degelius, 1955; and 
references in Smith, 1921). Among the lichens confined to acidic granitic or 
siliceous rock, one might mention members of the Rhizocarpon geographicum 
group, species of Umbilicaria, and Parmelia conspersa. 

B. Lichens with Exceptionally Low Specificities 

At the other end of the spectrum, one can list those species found on a 
variety of substrates, including trees, rocks, soil, and wood. Perhaps the most 
eurysubstratic lichen is Parmelia sulcata, found almost everywhere in 
temperate and boreal regions of the world. It is apparently equally tolerant of 
bark, stone, and wood, and is known not infrequently from soil as well. 
Perhaps more important, it apparently has no strong preference with regard 
to neutral versus acidic substrates, although I have never seen it on lime
stone. Other lichens found on bark and rock often prefer acidic bark and 
siliceous rock or neutral bark and calcareous rock (Barkman, 1958, and 
references therein). A well-known example is Xanthoria parietina and its 
associated species (the "Xanthorion" community). It is not surprising that 
the lichens with the broadest substrate ranges have the broadest geographic 
(Barkman, 1958) and environmental (Hale, 1955) ranges as well. 

C Similarities of Phorophytes 

In an effort to discover what characteristic of the substrate causes the 
specificities we see, it is interesting to determine which trees are most similar 
in their epiphytic flora. The most similar substrates are then compared in 
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order to discover the characteristics they have in common. The literature 
before 1958 has been thoroughly reviewed and summarized by Barkman 
(1958) with particular reference to the work of Koskinen (1955) in Finland, 
and Hale (1955) and Culberson (1955b) in Wisconsin. 

Attempts to correlate certain tree species with large numbers or small 
numbers of epiphytes ("rich-bark species" and "poor-bark species", cf. 
Du Rietz, 1945) generally prove unsuccessful. Trees that are "rich" in one 
area or under certain conditions may be "poor" when the area or conditions 
are different (Barkman, 1958; Almborn, 1948). Barkman concluded (1958, 
p. 134) ". . . epiphyte abundance is not directly correlated with either relief, 
water capacity, or pH of the bark in most regions except with regard to the 
poorness of conifers as distinct from other trees." He also stated that trees 
with centrifugal crowns such as Picea and those with rapidly flaking bark 
tend to be poor in species. Exceptions to this do occur on a local level, how
ever, as was shown by Fabiszewski (1968) who found that the less acid the 
reaction of the bark the richer the association in species. 

The similarity of various tree species with regard to their epiphytic vegeta
tion has most fruitfully been studied by means of unbiased sampling methods 
and statistical analyses (Hale, 1955; Culberson, 1955b; Brodo, 1961, 1968; 
Adams and Risser, 1971a). These analyses have generally been based on 
mathematical comparisons of shared versus unshared epiphytic species be
tween two trees (e.g., using Kulczinski's "coefficient of community"). The 
comparisons are only valid within small regions, of course, regions having 
the same general epiphytic flora. However, finding relationships between 
trees in their flora is easier than finding correlating similarities in their bark 
characters. Culberson (1955b) found that the vegetational "order" of a 
series of trees did not agree with the order obtained with pH, water capacity, 
or bark hardness, although it did resemble, to some extent, a kind of 
"average" of all three factors. 

It should not be surprising that ordinations of trees according to their 
lichen flora are difficult to reconcile with orders of bark parameters. If the 
correlations were perfect one might conclude that all lichens respond to the 
same parameter, a situation which seems highly unlikely. Since some lichens 
may find moisture limiting in one vegetation type or geographic area and not 
another (Brodo, 1959; Barkman, 1958; Adams and Risser, 1971a), bark-
moisture capacity may be important to them in one place and not another, 
where pH or nutrition might be limiting. [The changes in substrate specificity 
in different vegetation types have been discussed at length by Brodo (1961, 
1968) and mentioned by Margot (1965).] Even if one compares trees within 
the same vegetation type, one still has to contend with the individual require
ments and limiting factors of the individual species making up the communi
ties on each tree. Lichens respond to bark characters, not to tree species, a 
point strongly made by Fabiszewski (1968). 
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D. Quantitative Studies of Lichen-Phorophyte Association 

The computation of the frequency with which a particular lichen is found 
on a particular tree was the basis for expressions of substrate specificity in 
several North American studies (Hale, 1955; Culberson, 1955b; Brodo, 1961; 
Kalgutkar and Bird, 1969; Adams and Risser, 1971a,b). Hale and Culberson 
were the first investigators to express substrate specificity quantitatively and 
provide us with an objective way of comparing specificities as they vary from 
place to place. The use of Cole's "index of interspecific association" (Cole, 
1949) as the expression of specificity permits the immediate recognition of 
both positive and negative lichen-phorophyte associations, as well as their 
measurement. Cole's index was used by Hale (1955) and Brodo (1961). 

A study in New York (Brodo, 1968) added one facet to the consideration of 
specificity. Under the assumption that the highest degree of specificity would 
be evidenced by close substrate-lichen relationships over several vegetation 
types, I set up five categories of substrate specificity and classified eight 
species on three phorophyte species in four segments of a pine-oak forest 
continuum. The various relationships seen were: "(a) significant positive as
sociation of the lichen with the tree species over the entire continuum, (b) 
significant positive association in some segments, but not in all, (c) no signifi
cant positive or negative association with the tree in any segment, (d) sig
nificant negative association in some segments but not in others, and (e) 
significant negative association in all the continuum segments. I interpreted 
the above relationships, respectively, as follows: (a) the lichen shows constant 
substrate specificity indicating possible substrate requirements, (b) the lichen 
shows some specificity for the tree but exhibits no clearcut requirement for it, 
(c) the lichen shows considerable flexibility in substrate requirements, vary
ing in degree of association with any particular tree species as the bark char
acteristics such as texture, chemistry, and moisture relations change in the 
different stands, (d) the lichen shows some tolerance for the normally un
favorable substrate, but will occur more abundantly onothermorefavorable 
trees if they are available, and (e) the lichen has some sort of physical or 
physiological inability to inhabit the substrate" (Brodo, 1968, p. 21). Margot's 
(1965) five categories of specificity obligatoires, prefer-entialles\ facultatives, 
eurysubstratiques, indifferentes, are somewhat comparable. 

This method of looking at substrate specificity perhaps could also be used 
to analyze tree-lichen relationships in various parts of the lichen's normal 
geographic range. 

In studies of the lichens growing on only a few of the available tree species 
of an area, as with the work of Kalgutkar and Bird (1969) regarding the re
lationships of lichens to Larix lyalii and Pinus albicaulis, it would be better to 
speak of substrate preferences (among the trees studied) than substrate 
specificity since the entire substrate potential has not been sampled. 
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Ε. Ornithocoprophilous or Neutrophilous Species 

One of the more striking and intriguing examples of a kind of substrate 
specificity is displayed by a certain community of lichens, generally species 
of Xanthoria, Physcia, and Caloplaca, tending to be found on substrates 
subjected to bird excrement. Complicating the issue somewhat is the fact 
that these same species are very often associated with limestone, bone, and 
neutral-barked trees. The confusion over the possible influencing factor (or 
factors) is evidenced by the host of terms which refer to this type of speci
ficity: neutrophily, nitrophily (Hilitzer, 1925; Barkman, 1958),ornithocopro-
phily (Sernander, 1912), coniophily (Almborn, 1948), and ammoniophily 
(Rasanen, 1927) to which might be added "calciphily" (see Ochsner, 1928, 
cited in Barkman, 1958). 

The only thing that everyone seems to agree on is that some kind of 
chemical or nutritional factor is involved. Many authors have discussed this 
subject. The best summaries are probably those by Almborn (1948) and 
Barkman (1958). The fact that related, but not necessarily identical, species 
are involved in some of these discussions does not make analysis of the results 
any easier. In general, however, the following observations have been made: 
(a) almost all the substrates are alkaline, or at least neutral; (b) bird excre
ment is high in Ν, P, and Ca; (c) limestone is high in Ca but low in Ν and P; 
(d) neutral-barked trees have higher ash contents than acid-barked trees and 
are often rich in Ca and P; (e) rain tracks of trees or bark wounds are rich 
in nitrogen but can be either alkaline or slightly acid; (f) road dust is usually 
nitrogenous, especially near farms. 

This community, or rather, the lichens in this community are therefore not 
at all substrate specific in the usual sense, but apparently are very specific for 
a certain chemical environment. While acknowledging Barkman's (1958) 
objections to the use of "neutrophilous" in describing these lichens [mainly 
because of point (e) above], I feel that term is the safest to use in the majority 
of cases, at least until careful studies are done of the nutrient requirements 
and tolerances of the species. Masse's (1966) study of the correlation of ni
trogen content of bird excrement with the distribution of "ornithocopro
philous" lichens merely confused the issue, since no account was taken of the 
myriad of other factors which might correlate equally well (calcium and 
phosphorus, for example). On the other hand, it seems entirely proper to 
use the terms "ornithocoprophilous" and "coniophilous" to refer to com
munities or even species which seem to be responding positively to the pre
sence of bird excrement and dust, respectively, particularly in areas or on 
substrates where these lichens do not normally occur. I think the terms 
"nitrophilous" or "calciphilous" imply a knowledge of the requirements of 
lichens that we do not yet have. 
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F. Substrate "Switches" and Unusual Substrates 

In the absence of carefully controlled experiments, some of the best clues 
we have as to the bases of some substrate preferences can be gleaned from a 
consideration of the occurrences of lichens on substrates normally foreign 
to them. An evaluation of the substrate characters involved can sometimes 
lead one to discover certain "common denominators" which reveal sub
strate requirements. 

Ohlert (1871) has one of the oldest, extensive treatments of lichens with 
regard to their substrate range. In considering the potential "normal" 
substrates, i.e., bark, wood, stone, and soil, he listed first those species found 
on all four, then combinations of three, and finally two. All these are the 
bodenvagen or, loosely, "substrate-indeterminate" species. Among the 
bodenvagen species, Ohlert distinguished those which reach their best de
velopment, or fertile condition, only on one of these substrates, and those 
that are equally well-developed on all. The latter he termed "substrate-indif
ferent." 

Ohlert's lists are interesting but largely out of date, with many of his 
"species" now divided into smaller units, each much more substrate specific. 
Ohlert himself pointed out that of his twelve bodenvagen species, only three 
are more or less substrate indifferent, and that even among these, some 
substrate preferences occur within each substrate category. For example, 
Bacidia (sub Lecidea) sabuletorum is found only on calcareous rocks and at 
the bases of deciduous trees. 

Lambert and May cock (1968) found that the substrate preferences of 
bodenvagen species change along a forest continuum, apparently due to 
secondary ecological factors such as availability of moisture and light. 

But most interesting are not the eurysubstratic species in which substrate 
perambulations are relatively meaningless, but rather the narrowly sub
strate-specific types which are occasionally found on a foreign substrate 
(at least foreign to them). Koskinen (1955) provided us with a wealth of such 
data in a table of the substrate occurrences of about 570 taxa. 

It is best not to consider too seriously more or less accidental occurrences 
of lichens on abnormal substrates (as when a corticolous species falls to the 
ground and continues to grow over the soil). Even some of the remainder 
apparently are able to change substrate purely by virtue of the number of 
propagules in an area, flooding the area, as it were, with "experiments" in 
substrate tolerance. If enough genetic potential is represented, some of the 
"experiments" are bound to be successful, and a substrate "switch" will 
occur. Lambinon (1968) presented a thorough and well-developed discus
sion of this phenomenon using as his framework the phytogeographic con
cept of accessibilite introduced and developed by Heimans (1954). 
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A number of lichens normally confined to siliceous rocks are sometimes 
found on very old, hard lignum (i.e., decorticate wood), generally coniferous 
and therefore acid. Darrow( 1950) cites Parmelia conspersa on Pinus arizonica 
wood; Alvin (1961) noted Rinodina "demissa" on old wooden posts. In 
Ontario, I have seen both Parmelia taractica and Umbilicaria papulosa on 
conifer lignum close to populations of these species on rock. I have also seen 
good growths of Lecanora cenisia, a silicicolous species, on Juniperus com
munis lignum from dry exposed sites in Wisconsin and on fence rails in 
Oregon. Lambinon (1968) mentions an occurrence of the siliceous rock 
lichen Haematomma coccineum on the bark of a beech tree near a rock bear
ing this species, and Richard (1883) noted Umbilicaria deusta (subflocculosa) 
and a species of Roccella on old wood and the stems of Rhododendronferrugi-
neum. Corticolous occurrences of such siliceous rock lichens as Lecidea 
macrocarpa (sub L. sterizd), Aspicilia species, Rhizocarpon, and Verrucaria 
were found to be restricted to the bark of Betula by Koskinen (1955). 

Lichens often shift between neutral-barked trees and calcareous rock 
(Barkman, 1958), or the shells of molluscs (Peake and James, 1967), or bone 
(Richard, 1883), substrates sharing the characters of high Ca content and 
high pH, among others. 

Among the lichens adopting "abnormal" substrates, glass-dwelling 
species and those on roof tiles are, not unexpectedly, siliceous rock lichens, 
but so are those on iron and lead; those found on leather generally are as
sociated with lignum (Richard, 1883). Species growing on odd bits of debris 
such as felt, silk, paper, linoleum, and wool are generally substrate-indif
ferent, fast-growing, ubiquitous species (Richard, 1883; Smith, 1921). 

Lichens which colonize animal material have been known for many years; 
some were reported on chrysalid cocoons and bird feathers by Bouly de 
Lesdain (1912). Recently there have been reports of lichens on living animals. 
Gressitt (1966a,b) described the occurrence of lichens in New Guinea on 
various species of specially adapted weevils of the genera Gymnopholus, 
Poropterus, and Pantorhytes, as well as on one colydiidaean beetle, Dryptops 
phytophorus. These insects have evolved special secretions and surface 
features on their elytrae which provide for the establishment of several 
species of foliose lichens common in the area on bark: Parmelia reticulata, 
P. crenata, P. sp., Anaptychia sp., and Physcia sp. 

Hendrickson and Weber (1964) recorded the occurrence of colonies of 
Dirinaria (sub Physcia) picta on the giant land tortoise, Geochelone elephan-
topus, in the Galapogos Islands. This Dirinaria is found on all types of 
substrates in the area including lava rock, bark, wood, and evergreen leaves. 

G. Causes of Specificity 

The response of a lichen to a potential substrate will depend on the plant's 
requirements and tolerances. These requirements and tolerances may 
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change to some extent under different conditions, but basically each popula
tion of an organism will have its own physiological needs and limits. When 
we speak of a "calciphilous" species, we imply that under most circum
stances, this lichen will find calcium limiting and so will respond to (i.e., 
colonize) any substrate in which the calcium concentration is high enough to 
supply its needs. The more crucial the requirement for that substance, the 
more "specific" the lichen will be to substrates containing it. (Lichens found 
only on trees with a living periderm may require special metabolites pro
duced only in the living tissue of those trees [see Section III, C, 3].) 

If the lichen requires large quantities of a mineral, the specificity will 
seem obvious, since few substrates contain large quantities of any particular 
essential element. (Plants found only on limestone seem to be obvious 
calciphiles.) If a lichen has an absolute requirement for moderate levels of 
boron, the substrates to which it can adapt will still be highly limited, but the 
cause of its specificity will be much more obscure. 

Tolerances for high concentrations of some substances and needs for 
lower concentrations of other substances may combine within a species to 
give a confusing picture of its substrate requirements. An example might 
be a high tolerance of certain coastal bird-rock lichens for Cl~ ions together 
with a requirement for Ca or Ν in high concentrations, or, conversely, a 
tolerance of Ca or Ν and a requirement for Cl~. The fact that obligate calci-
coles apparently accumulate calcium oxalate whereas nonobligate calcicoles 
do not (Syers et al., 1967) indicates a possible mechanism to deal with excess 
Ca ions which has evolved in these species (see p. 432). Here is an instance 
in which substrate specificity has been tied directly to a physiological process 
in the organism itself. 

Other substrate factors discussed in the preceding sections (substrate 
moisture, hardness, or stability, various minerals, and organic products such 
as sugars, glycosides, amino acids, vitamins, etc.) can be limiting factors 
depending upon the organism's needs and tolerances. Hydrogen ion concen
tration can also be limiting, in a way, but its effects are almost always sec
ondary. That is, the solubility, availability, or toxic state of various 
substances changes at different pH levels. Direct influence of pH might 
operate through effects on the activity of enzyme systems and the like. 

It should be remembered that lichens are dual organisms, and what may 
be limiting to the algal component may not be limiting to the fungal com
ponent, and vice versa. In addition, what is limiting for growth may not be 
limiting for establishment, and, conversely, what is needed for germination 
may not be needed for development. These points were well made by Hale 
(1967) and Harris (1971a). 

In the framework of the principle of limiting factors, the substrate pre
ferences of many lichens are easier to understand. In a very xeric woodlot, 
certain moisture-requiring lichens will tend to be found on trees having 
bark with high moisture capacities. In mesic woods, the same lichens may 
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show no such preference since moisture is not limiting (see p. 407). Siliceous 
rock lichens apparently have a strict requirement for (or tolerance of) ex
tremely stable, hard surfaces for colonization, a requirement which can be 
met, under certain circumstances, by old, very hard lignum as well as rock. 
If such a surface is encountered and is therefore no longer "limiting," other 
requirements of the species, such as chemical requirements, come into play, 
and the lignum of certain tree types becomes acceptable where that of others 
becomes inacceptable. (See the discussion by Koskinen, 1955, pp. 31-32.) 
Coniophily and ornithocoprophily (see Section VI, E) must involve a great 
complex of limiting factors, tolerances, and perhaps even synergistic effects. 
This is why nitrogen appears limiting in one instance and calcium or phos
phorus in another. It would be rather naive to speak of the cause of the 
substrate tendencies observed since, for any given species, the limiting 
factors will differ under different circumstances. 

By this point, it may have become clear that experimental data are needed. 
Thanks to the work of Barkman, Koskinen, Hale, Culberson, and others, 
the substrate tendencies for at least the corticolous lichens of the temperate 
zone are well known. Less work has been done with saxicolous and terri-
colous species, but correlation data are available for certain communities. 
Some essential information on the utilization of organic and inorganic sub
stances is beginning to accumulate and methods are now available for 
routine laboratory investigations of lichens (see the reviews in Smith, 1962; 
Ahmadjian, 1967). I believe the time is now ripe for a major new effort in 
experimental ecology, both in the field and in the laboratory, since only with 
well-controlled experimentation will the causative factors in lichen ecology 
be unravelled. 

H. The Influence of Specificity on Community Composition 

A factor of considerable importance in the probability of two or more 
species of lichens occurring together is obviously their specificity to certain 
substrates. The more specific they are to the same trees or rock types, the 
more likely they are to be found in the same community. Indicator or "faith
ful" species will often be those with narrow substrate requirements. Of 
course, the substrate is not the only factor involved in community relation
ships and "fidelity," but it is clearly important in quantifying community 
structure. This point was well documented by Adams and Risser (1971b) 
who showed that lichen-lichen association values can vary from positive 
to negative depending on the phorophyte investigated. When considering a 
region containing many phorophyte species, the substrate then plays an 
important part in determining the overall interspecific relationships. 
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I. The Influence of Specificity on Geographic Distributions 

If lichens do indeed have substrate specificity, one would expect their 
geographic distribution to be determined by the distribution of a substrate 
to the extent to which they are specific to it. In general, that appears to be the 
case. Exceptions occur, however. 

Not all corticolous lichens are found below the tree line, for example. 
Many species shift to soil habitats in arctic or alpine situations (Barkman, 
1958). These substrate changes are not due to accessibilite (see p. 427) but 
rather appear to be genetically controlled. 

The distribution of lichens with broad substrate tolerances is largely 
determined by climatic and historical factors (Almborn, 1948; Brodo, 1968; 
Imshaug and Brodo, 1966) although substrate specificity may play an im
portant role, especially in the relative abundance of the species (Culberson, 
1955a; Hale, 1955; Adams and Risser, 1971a). As the specificity of a corti
colous lichen becomes more pronounced, its distribution is determined to 
a greater and greater degree by the distribution of the phorophyte. This 
was graphically shown in the distribution of many lichens on Long Island 
(Brodo, 1968). Conotrema urceolatum is another example, being only found in 
the Appalachian-Great Lakes region where Acer saccharum is found. 

Lichens with disjunct distributions often show interesting substrate 
"switches." Acroscyphus grows on rocks in Patagonia, Himalaya, Yunnan, 
and Japan, but on soil and trees in Mexico and Peru (Sato, 1967). Sphae
rophorus melanocarpus grows exclusively on siliceous rocks in Norway, but 
is often or always on trees and logs elsewhere in its range (Lye, 1969). Coc-
cotrema (sub Perforaria) cucurbitula (Mont, in Gay) Mull. Arg. is a species 
of tree bark and rarely rock in the moist forests of Australasia and east 
Asia (Oshio, 1968), but is exclusively on maritime rocks on the Queen Char
lotte Islands (British Columbia, Canada).* Lecanora rugosella is generally 
on Fraxinus and Sorbus and similar trees in Europe, but almost exclusively 
on Thuja occidentalis in North America. In the extreme northern and south
ern portions of its range, Lecanora farinacea Fee is found only on bark; the 
collections in between are saxicolous (Imshaug and Brodo, 1966). 

Substrate "switches" such as these are probably due to heavy selection on 
isolated populations with respect to available niches. For example, the 
ancestral North American population of Coccotrema, as it existed in western 
North America, probably in the Tertiary, was likely corticolous, but as the 
available habitats were lost in the Pleistocene, remnants became adapted, 
and then restricted, to shoreline rocks in coastal refugia which the ice did 
not reach. 

*I have recently recognized the Queen Charlotte Island population as a distinct species: 
Coccotrema maritimwn (Brodo, 1973). 
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VII. Substrates and Speciation 

Whether substrate selection can influence speciation in lichens is an in
teresting but almost unanswerable question. In other organisms, substrate 
selection is frequently an important isolating mechanism and may thus lead 
to speciation. The genetic mechanisms of lichen fungi are very inadequately 
known. Since most lichens appear to be functionally "apomicts" the ap
pearance of a genetically determined substrate tolerance may become fixed 
in a population if it is locally advantageous. 

A. Substrate-Induced versus Genetically Induced Morphological Changes 

In certain cases, we can be reasonably sure that a special morphotype is 
substrate controlled. If there is a continuum of morphologic change along 
a substrate-character gradient such as hardness or mineral content, or if 
numerous unrelated taxa react to certain substrates in the same way, we can 
usually assume that the morphotype is not genetically determined. 

For example, various types of rock and rock crystals influence the thick
ness, form, and sometimes color of tissues of endolithic crusts (Doppelbauer, 
1959). Similarly, Hertel (1967) noted that the harder the rock, and/or the 
lower the calcium content, the greater the tendency for a normally endolithic 
species to form an epilithic thallus. 

That the chemistry of the substrate can affect lichen morphology has 
been established by several authors. Masse (1964) stated that Lecanora mura-
lis only attains its juvenile forms (f. squamea Nyl., f. areolata Harm., or f. 
ecrustacea Nyl.) when growing on rock walls not subjected to the excrement 
of birds. Certain varieties of Peltula obscurans (Nyl.) Gyeln. show a decreased 
development of medullary and lower cortical tissue when growing on alka
line substrates (Wetmore, 1970). These examples of arrested development 
are quite probably due to certain biochemical precursors which are missing 
or limiting on one substrate and not another, and, as such, would not be 
genetically controlled. Under certain circumstances, however, these charac
ters could become fixed by selection. 

Examples of morphological changes across taxonomic lines in response to 
substrate changes are common in the literature. Both Weber (1962) and 
Schade (1970) concluded that calcium oxalate production in many taxa, 
especially as pruina, is correlated with calcium-rich substrates, although 
it appears that species growing on limestone differ widely in their oxalate 
content (Syers et al., 1967). Schade regarded calcium oxalate production as 
a kind of excretory mechanism in the presence of excesses of calcium ions 
together with oxalic acid, and he pointed out that calcium is much more 
common in "noncalcareous" substrates than might be supposed. Weber 
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(1968) reduced to synonymy dozens of species of the yellow Acarosporae 
after concluding that they were merely substrate-induced morphological 
variants. 

Several species of crustose lichens, especially in the genus Lecidea (e.g., 
L. macrocarpa and L. lapicida), have what is commonly called "oxidated" 
forms on rocks containing iron. In these forms, iron is absorbed by the 
thallus and laid down in the cortex as a red-orange pigment shown to be 
iron oxide by Weber (1962). The fact that the ability to deal with iron in 
this way is shared by many lichens indicates that it is not a very fundamental 
biochemical maneuver, even though the ability seems to be genetically 
restricted to certain species. The fact that there are species which are found 
only in the "oxidated" state (e. g., Rhizocarpon oederi and Lecidea dicksonii) 
is a possible indication that the forms on iron-rich substrates may develop 
into genetically distinct populations (even species in the strict sense), given 
enough time and the right selective forces. 

A clear example of substrate-induced morphological change is the effect 
of wood or bark grain patterns on the growth patterns of the lichens. The 
variety recta of Graphis scripta results from apothecial development fol
lowing the wood grain with the apothecia becoming greatly elongated 
(Ohlert, 1871). The same pattern of development can be seen with other 
graphidlike species such as Xylographa and Arthonia growing on heavily 
grained wood. 

The tendency of pendent lichens such as Evernia and Alectoria to take up a 
horizontal and often flattened growth pattern when growing on the ground is 
widely recognized. Alectoria sarmentosa subsp. vexillifera (Nyl. in Kihlm.) 
D. Hawksw. appears to be a genetically fixed population of Alectoria sarmen
tosa which has evolved the prostrate habit under vigorous selection in arctic 
and alpine conditions. It is, in fact, regarded as a full species (A. vexillifera 
[Nyl. in Kihlm.] Stizenb.) by most lichenologists. 

The real problems arise with regard to clearly distinct populations on 
different substrates which show no substantial integradations correlating 
with substrate gradients, and which seem to be more or less unique in kind. 
There are far too many examples of this situation. 

Is Cladonia calycantha a genetically determined taxon with the ability to 
live on acid substates, perhaps having recently evolved from a race of C 
verticillata which can only reach full development in more neutral sites (see 
Brodo, 1968, p. 86), or is it merely an ecological modification? 

Cladonia subrangiformis is regarded in some recent works to be distinct 
from C furcata on morphological, chemical, and ecological grounds (e.g., 
Ozenda and Clauzade, 1970), but asserted to be merely a substrate modi
fication by Schade (1966). Schade claimed that the calcium content of the soil 
is responsible for the morphological changes, and the differences in thallus 
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chemistry are not constant. There is a question as to whether the variety 
nitidella of Pyrenula nitida (syn. P. nitidella) is restricted to thin-barked trees, 
or whether P. nitida only produces full-sized perithecia on bark substrates 
thick enough to accomodate them (e.g., Fagus) (see Ohlert, 1871). 

B. Substrate-Induced versus Genetically Induced Chemical Changes 

Variations in metabolic abilities and chemical production are no less 
important than morphological variations in this discussion. In fact, the 
selection of biochemical characters may lead to speciation faster than selec
tion based on morphological characters, especially if nutrition is involved. 
For this reason, the observations of Shields et al., 1957) concerning the amino 
Ν content of thalli growing on different substrates are of particular signi
ficance. Shields and her associates found that Collema nigricans had less than 
one-third the concentration of amino nitrogen when on lava rock than had 
thalli on lava soil. (The phycobiont in the various thalli was checked and 
found to be the same.) Dermatocarpon squamellum had just slightly more than 
one-half the concentration of amino nitrogen when growing over moss than 
it had growing alone. 

Cherkasskaya (1965) discovered significantly different concentrations of 
"resinoids" (concentrated alcoholic extracts) in samples of Everniaprunastri 
collected from different species of deciduous trees, although the variation 
in concentrations of evernic acid and atranorin + usnic acid was not signi
ficant. Unfortunately, without knowing how many (if any) replicates of each 
substrate sample were tested and what the ecological setting of each tree was 
(e.g., with respect to light and moisture), it is impossible to distinguish be
tween substrate effects and general habitat effects on the production of these 
substances. In fact, Cherkasskaya mentioned the noticeable effect of 
temperature and seasons on chemical activity in this lichen. 

It is known that, in some cases, chemically distinct races of a species or 
population show certain substrate preferences [e.g., in the Cladonia chloro-
phaea group (Wetherbee, 1969), and the Cladonia cariosa group (Culberson, 
1969)], although it is equally clear that others do not [e.g., Cetraria ciliaris 
(Hale, 1963; Graham, 1969)]. 

There is certainly no unequivocal evidence to show that a change in sub
strate will influence the qualitative production of lichen substances (e.g., 
depsides and depsidones), although quantitative differences may indeed 
result from the indirect effect of decreased or increased assimilatory activity 
due to substrate-derived nutrition. 

Careful laboratory and field experiments in conjunction with considera
tions of phytogeography, morphology, development, and related disciplines 
may make it possible to sort out the mechanisms, genetic or ecological, 
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controlling substrate-correlated phenotypic variation. I know of no study 
where this has been done, but see no reason why it is impossible, especially 
if the study material is carefully selected for ease of experimentation. It is a 
challenge which awaits an imaginative experimental ecologist or taxonomi-
cally interested physiologist, or, better still, both. 

VIII. Summary and Conclusions 

1. Lichens are found on a great variety of substrates which provide rela
tive permanence and surface stability. Known substrates include virtually 
every form of rock, tree, wood, and soil; all kinds of man-made materials 
such as cloth, paper, glass, iron, and leather; and even certain long-lived 
animals with parts persistent enough to be colonized, such as the exoskeleton 
of weevils and the carapace of land tortoises. 

2. Some lichens are connected to their substrate only tenuously, while 
others, such as certain crustose species, are entirely immersed in the sub
strate, be it rock or bark. 

3 . Epiphytic lichens may conceivably harm their phorophyte by blocking 
lenticels or harboring harmful insects, but this has never been proven to be a 
widespread or serious effect. Some lichens can etch glass and marble and 
have been a serious problem in the preservation of ancient buildings and 
artifacts. 

4 . Some lichens can dissolve certain rock types by slow weathering action 
due to metabolic acidity and by chelation due to the action of some lichen 
substances. Their main pedogenic role, however, is in their early coloniza
tion of rock surfaces with subsequent humus production by decay and dust 
entrapment. 

5. Some lichens are so substrate-indifferent that they are found almost 
as frequently on any of numerous substrate types. An example would be 
Parmelia sulcata. Others are so substrate-specific, they are found only on 
one or two species of trees and shrubs. Examples are Calicium curtisii res
tricted to Rhus typhina and Conotrema urceolatum largely restricted to Acer 
saccharum. 

6. Substrate-indifferent species tend to be widespread, and substrate-
specific species tend to be restricted in distribution. 

7. The most substrate-specific species are those in closest contact with 
the substrate, and they may, in fact, derive certain essential and specific nu
trients from it. 

8. Relative substrate specificity is likely determined by the principle of 
limiting factors in some cases coupled with certain tolerances. The sub
strate's moisture capacity, mineral content, pH, metabolite production, 
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physical texture, and stability are all important as potential limiting factors. 
9. A substrate can influence the geographic distribution of a lichen in 

direct relation to the specificity of the lichen to that substrate. The ability 
of a lichen to make a substrate "switch" at the edge of its normal host range 
would, of course, increase its own potential range. 

10. Certain very ancient species characteristically found on one sub
strate have disjunct populations living on entirely different substrates. This 
type of vicariism apparently arose due to a gradual elimination of suitable 
habitats in the disjunct area. Many of these species have not changed mor
phologically despite their disjunctions and substrate differences. 

11. Whether substrate-distinct populations are developing into new 
species as a result of their new habitats is a question which is difficult to 
answer without a great deal of experimental and phytogeographic evidence. 
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Note Added in Proof 

Wirth has recently published a thorough and important discussion of his 
observations of silicate rock lichens (V. Wirth, Die Silikatflechten-Gemein-
schaften in ausseralpinen Zentraleuropa. Dissert. Bot. 17 , 1-306, 1972). He 
includes some very interesting observations on substrate specificity, and 
properties of silicate rocks affecting lichens (such as mineral content, rock 
hardness, surface texture, porosity and water-holding capacity, color, and 
temperature). His comments on weathering with and without lichen cover, 
the role of lime and silicate concentrations, and especially the influence of 
heavy metals on lichen vegetation are particularly noteworthy. Under the 
last-mentioned heading, Wirth discusses serpentine (finding that in his area, 
basi- or neutrophytic lichens are not found mixed with acidophytic species) 
(see p. 409), and lichens characteristic of ore rocks very high in heavy metals 
(concluding that these lichens occupy this niche not due to high heavy metal 
requirements, but rather that they compete successfully in a habitat toxic to 
most other species). He also discusses bird-rock communities coming to con
clusions similar to those presented here (see p. 426). 




