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I. Introduction

The following treatment will present first of all those systematic criteria
which are being employed today as important for the definition of taxa in
different hierarchical steps. The divisions that are ultimately developed and
proposed might be considered as way stations; they can only reflect our
present knowledge, misinformation, and problems.
The number of papers on which this contribution is or should be supported
is extremely large. Just to cite all of them would exceed by a wide margin any
reasonable number of pages, and the reader will forgive me if some are
chosen in a perhaps very subjective and one-sided way. More exact defini91
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tions and descriptions of the various morphological and anatomical traits
may be found in Chapter 1 by Jahns and Chapter 2 by Letrouit-Galinou. An
outline of generic and familial classification is presented in Appendix A.
II. Systematic Criteria

The earliest scientific knowledge of flowering plants recognized flowers
and fruits as carriers of the essential features. Thus, phanerogamic taxonomy
could develop as a progressively deeper comprehension of principles which
were viewed correctly from the very beginning. This was not so with many
cryptogamic groups, least of all with lichens. The recognition of determinative characters was either impossible or inadequate for a long period
because of the lack of technical aids. In the course of time, this has led to a
continual change in the range of characters regarded as important (in line
with improvements in optical equipment and similar aids). While the gross
thallus form—now called growth form or organizational state—was considered to be a basic criterion at first, the gross structure of ascocarps, spore
types, and then the properties of pycnidia were taken as primary characters.
More recently we have seen developmental history of the ascocarps and
lately the structure of the ascus as having ultimate value as well as chemical
characters derived from comparative studies of lichen substances.
The following discussions will attempt to arrange the characters chiefly
in order of importance with regard to their interdependence. They are based
largely on information drawn from various texts (des Abbayes, 1951;
Fiinfstuck, 1926; Hale, 1967; Moreau, 1927; Nienburg, 1926;Ozenda, 1963;
Smith, 1921; Tobler, 1925, 1934).
A. Asci

The ascus type has stood in the foreground of interest in the last 20 years.
It had been studied in an isolated fashion since the middle of the last century
(see de Bary, 1884, p. 90). Luttrell (1951, with references to earlier literature)
was the first to demonstrate comprehensively its importance in the broad
system. He divided the pyrenomycetes into two series: the bitunicate series
with a typical bitunicate ascus which splits into two layers at maturity and the
unitunicate series where the wall, while still two-layered, does not split
[designated later by Dughi (1956) as the nonfissitunicate ascus on semantic
grounds (see Lamb, 1964, p. 18)]. This division was next applied without
difficulty to the discomycetes where the inoperculate Helotiales and operculate Pezizales were assigned to the unitunicates, while a series of forms
with an earlier unsettled association as Dothiorales or Hysteriales had to
be referred to the bitunicate fungi (see below for the Lecanorales). Richardson (1967) has summarized data on lichen fungi based on these principles.
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In France, the problem has been studied from other aspects, quite independent of the results obtained primarily by the Anglo-American school.
The French workers regard certain structures in the ascus as basic; these
are for the most part very difficult to observe. The nassasceous ascus type,
for example, corresponds to the bitunicate ascus, which has a nasse corona
in the ocular chamber of the tholus (this term proposed by Lettau, 1932).
The anellasceous type in unitunicates has a different ring structure in the
tholus, an apical wall thickening (Chadefaud, 1960). Both types have a phylogenetic origin in an archaeasceous prototype, according to Chadefaud al.
(1963), with the ring and nasse united so that a whole series of intermediate
stages may be distinguished, in part running the gamut in ontogeny, in part
strongly restricted to taxonomic groups. According to this viewpoint, the
most primordial ascus type would be most conspicuous in the lichenized
ascomycetes, the derived ones also in their nonlichenized relatives. In any
event, the results of the French workers alter the relatively simple concepts
of unitunicate and bitunicate asci, the cardinal point lying in the lichen fungi.
Meanwhile, new difficulties occur in our understanding of them. The majority of discocarp lichen fungi brought together in the Lecanorales have long
been regarded as unitunicate. Contrary to this concept we find, for instance,
investigations by Butler (1939) that motivated Muller and von Arx (1962)
to show that Buellia, a lichen genus that appeared to have a sure place in the
Lecanorales, was in fact ascolocular. The question is whether the Lecanorales are heterogeneous or uniformly bitunicate or whether the application of
this definition to all ascomycetes in principle has been carried too far. There
appears to be consistency for multilayering or at least two-layering of all
asci; there are discrepancies in the question of whether violent expulsion
of the endoascus from the exoascus, often valued as a criterion, corresponds
to the natural function in each case.
Even greater difficulties arise with the pyrenocarpous lichens. Originally,
only comparatively few groups were classified in the ascoloculares, but
subsequently largely equated with the bitunicates, bitunicate asci are being
demonstrated for more and more pyrenocarpous lichen fungi (MorganJones and Swinscow, 1965; Swinscow, 1966; Chadefaud, 1960, p. 642; Vezda,
1968, p. 367), so that in the end (Vezda, 1968, p. 368) we are left with only
the Porinaceae sensu stricto, and a few genera that are probably closer to
the discocarp lichens. Janex-Favre (1971, p. 567) recently found that the
ascus in Porina is derived bitunicately. Thus, the pyrenocarpous lichen fungi
have been transferred virtually in toto to the bitunicates. The problem of
classifying them, however, is still not resolved. One is left with the feeling that
a large part of the lichen fungi cannot be meaningfully subdivided along the
classical definitions of unitunicate and bitunicate. The degree of complication in the relationship is illustrated by Nephroma and Peltigera, highly
evolved foliose lichens, which have customarily been classified in the same
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family, Peltigeraceae. Ziegenspeck (1926, p. 355) and Galinou (1955) found
that only Nephroma has typically nassasceous bitunicate asci, whereas the
anellasceous asci of Peltigera should establish their position in the unitunicates but they are actually bitunicate (Letrouit-Galinou and Lallemant,
1971). The two genera have so much in common, however, that the possibility of an analogous origin from completely different stocks would have
to be considered out of the question.
There is no doubt that characters of ascus structure have considerable
significance. They have basic significance in distinguishing orders, families,
genera, and perhaps in many cases even species. The study of asci demands
exhaustive examination, not in the least with the aid of the electron microscope [see Bellemere (1969) for the nonlichenized genus Bulgaria]. One must
also take into consideration ontogeny, function, permanence and, not the
least, chemistry which involves differences in the iodine reaction (see Vezda,
1968). Only then can we fully assess the taxonomic significance of asci in
lichen systematics. At the present time, the discrepancies in evaluation of
ascal structure lead us to conclude that ascus types cannot be evoked alone as
decisive taxonomic criteria.
B. Spores

Spores assumed great systematic value with the introduction of the microscope for morphological analysis. Their value has changed very little although evaluation will change with increasing experience. Ascospores
are normally the products of meiosis (reduction division) in the ascus and, at
least initially, are unicellular and colorless. They remain in this stage with
many groups of different systematic affinity. The one-celled, colorless type
is therefore found widely and is of little value in the absence of other specific
features. One may generalize by saying that the more complicated the spore
type the greater is its value for systematic purposes, and a more sound
evaluation is dependent on the degree of maturity of the spore.
There is also a distinct systematic relationship of the simpler types with
major taxonomic groups. Thus, spores of the classic bitunicates (Arthoniales, Dothideales) always contain at least two cells, often different in form
or size. The cells are often also strongly dissimilar in size or mode of formation. If more than two cells are present, one will often find cells in the series
that are clearly different in form or size. As a rule, two- and multiseptate
plurilocular spores in the unitunicate species are symmetrical when viewed
transversely.
Complex spore types can be family-specific, as the polar-diblastic type in
the Teloschistaceae, or as the spores with lens-shaped lumina as in the
Graphidaceae sensu stricto and the Thelotremataceae. However, even in
such cases, derived types will naturally occur within the families. This is the
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same for the thick-walled polyenergide spores in the Pertusariaceae in which
characteristically there is a trend for a reduction in spore number as well.
The essential features of spores and their systematic significance are
discussed briefly below.
Virtually all groups of lichenized fungi have eight spores per ascus. Deviations from this to higher numbers occur in various isolated families and
are generally useful at the species level. The number may vary somewhere
between 12, 16, 24, and 32. Frequent deviation from the base number is
specific for certain families such as the Lichinaceae, Heppiaceae, and
Candelariaceae. The Acarosporaceae (including Thelocarpaceae) are
characterized by numerous spores as a family trait and this is correlated
with other characters. There may be abnormal occurrences of less than eight
spores. The tendency for fewer spores is, however, constitutionally limited,
for the number may vary freely, as in Pertusaria pertusa, where one will
find four spores per ascus in an apothecium but occasionally three, five, or
six. Reduction in spore number is usually correlated with increasing size of
individual spores.
Spores are predominantly ellipsoidal in shape and usually quite uniform
if the length-width index is low. Generally speaking, the longer a spore in
relation to its width, the greater is the variability in length.
Spore size depends on the number, form, and size of asci. In connection
with the tendency for a lower than average number and other characters, size
can be specific for genera and even for families. As a rule, spore size has value
only at the species level or is characteristic for a species group. Size varies
over very wide limits in many genera, even small ones (e.g., Tapellaria,
Asterothyrium; Santesson, 1952, pp. 319 and 494).
Spores are colorless in the great majority of cases. There is an analogous
tendency for a slow ontogenetic pigmentation going from colorless to
yellowish or grayish-green to black in a series of unrelated genera with
transversely septate or muriform spores (Polyblastia, Staurothele, Endocarpon, Graphis s. lat., Lopadium, and Rhizocarpon). This trait is usually
species-specific, and definite stages of maturity are necessary for its definition. When used to characterize genera, as in the Graphidaceae, Thelotremataceae, and Opegraphaceae, the genera should be regarded for the most part
as artificial entities. Few-celled types of spores darken very quickly, a similar
color change at most being recognized. Such a type is normally genusspecific and sometimes family-specific (Physciaceae, Encephalographa, and
Caliciales).
Ornamentation of spores is exceedingly rare among lichenized fungi. It
is of specific value above all in the Caliciales, where in various genera it is a
very good species character (see Tibell, 1971), and sometimes in Physconia
and

Melaspilea.
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Little research has been done so far on the spore wall. Its fine structure
ought to elucidate important characters. Recent studies have been made
on the multilayered wall of the large polyenergide spores of the Pertusariaceae (Erbisch, 1969). In particular, still to be analyzed are, among
others, the thin deformable walls of Aspicilia spores as well as the types in the
Teloschistaceae and Physciaceae (for recent work, see Sheard, 1967; Lamb
and Henssen, 1968).
Multinucleation of the protoplasts appears to be a character of higher
value that is still little examined.
The value of cell number and septation cannot be categorically stated.
We can find very clearly defined types where special wall differentiation
brings out additional characters (Teloschistaceae, Ramalinaceae, etc.) but at
the same time others in which the number of septa varies within certain limits
from spore to spore. This falls into a pattern such that the greater the number
of average septa the greater is the variation (Bacidia, Sporopodium, Tapellaria, Rhizocarpon, Graphidaceae, etc.). Too little is known of the mode
of division, a potentially good character as used in many of the nonlichenized
fungi (for example, Pleospora).
Halo formation in spores can be regarded in many groups as a character of
at least generic value, but one should consider that a halo can be demonstrated only in certain stages of maturity.
One often finds abnormal formation of spores in many groups of lichens.
They are sometimes easy to recognize, but at other times are difficult and
can give rise to systematic errors.
Little attention has previously been given to the ecological aspects of
spore evolution. There is a tendency in many quite different foliicolous
genera for the development of very large spores. Spore halos should also be
regarded as ecological adaptations which have already become organization
characters for many groups. What functional and systematic role the expulsion of spores with ascus (Schmidt, 1970) or even paraphysis fragments in
the Caliciales (Tibell and von Hofsten, 1968, for Texosporium) plays is
uncertain.
C.

Paraphyses

The term paraphyses (see Richardson, 1967, p. 353, for a discussion of
terminology) has been used in many different plant groups, mostly for
threadlike organs which lie between sexual organs or sporangia and serve to
protect them or to promote their function. Accordingly, the term paraphyses
has long been used in all Ascomycetes for the sterile hyphae which fill the
space between asci in the ascocarp. With the discovery of the differing nature
of ascocarps came the realization that paraphyses of ascolocular fungi
originated in a completely different way from those in the ascohymenial
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fungi. These were thus designated as paraphysoids and the whole as a para
physoidal net owing to the netlike structure. Both types are sufficiently
clear in theory but often very difficult to differentiate in practice. They
occasionally occur together (e.g., in Graphis; see Janex-Favre, 1964). This
netting, considered occasionally as a criterion for paraphysoids, is widely
distributed in many genera of the Lecanorales and as such is hardly useful
for separating paraphyses and paraphysoids.
It is recommended for descriptive purposes that all interascal hyphae be
designated as paraphyses and the expression "true paraphyses" and "para
physoids" or "paraphysoidal net" be used for an exact definition. This is
done in the following discussion.
Most paraphyses persist for a long period of time. In some groups (e.g.,
Verrucariales) there is a rapid gelatinization long before the asci mature.
Although the chemistry of this process is still unclear, it can be regarded as
systematically relevant with some caution.
Paraphyses are almost always divided into cells, although the septa often
remain indistinct and cannot be recognized adequately with the microscope.
Structure of the septa appears to be important in many groups but has
received little attention in the past. Distinct nonseptate paraphyses have
been described by Vezda (1965) for Absconditella. Branching and netting as
characters for genera and species groups are to be used only with care. It is
not uncommon to find anastomoses of paraphyses in genera in which no
mention of such is made in the diagnosis (for example, in Lecidea, Lecanora,
and Caloplaca). They often appear to be quite different, however, in different
groups and probably originate in various ways. Stiffness or flexibility are
related to the thickness of the paraphyses or their walls (stout, stiff para
physes in various families with blue-green algae). Length of cells of para
physes varies widely in most cases, and the length of the paraphyses
themselves can apparently be used to some extent for genera and species
groups. Still this character must be confirmed to be statistically better
than it has been in the past. Paraphysis cells are mostly cylindrical. A ten
dency for rounding off of at least the upper cells is characteristic of Aspicilia,
and more so for Harpidium. This gives rise to a more or less moniliform row of
cells (Magnusson, 1939, from Hue, 1911). The end cells of paraphyses, also
called paraphysis knobs (commonly the next to last cell is also involved in
their formation), are usually more or less strongly thickened in the Lecano
rales but typical only for paraphyses which reach the hymenial surface.
Only these have any diagnostically useful value.
The epithecium, in the mycological sense of structures originating from
paraphyses and overlying the asci, is rare in lichens but when present may
be usable as a character (Sporopodium, Ochrolechia). In many lichens, the
upper zone of the hymenium (10-40 μτη high, averaging 20 μιη) is distinct
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as an epihymenium from the lower zones, which are separable mostly by lack
of pigmentation, by granular excretum over the paraphyses as epipsamma,
or by pigmented wall layers of paraphyses. Either possibility may occur
and would be useful in diagnosis, but, on the other hand, they may occur
in addition or successively. Because the chemistry of these appearances
is largely undetermined, they can be used provisionally only with careful
statistical confirmation. The epipsamma often appears to be identical with
the cortical pigment.
Adspersion of paraphyses occurs as a useful valid character in several
groups although the chemical nature is still unknown (Lecidella). The same
holds true for the inclusion of oil drops in the hymenium (Buellia). Coloration of the whole hymenium (Lecidea, Rhizocarpon, Lecanora atra) is useful
at the species or group level, at least in the tendency toward this trait, but
the chemistry involved is quite unknown.
D. Types of Fruiting

Bodies

The form of the fruiting body has played an important role in lichen systematics from the beginning (Acharius, 1810), when at first only the external
appearance or histological differentiation recognizable in a crude section
was considered. Knowledge of the diversity of types came about with improvements in the microscope, resulting in an extensive literature. This is
not the appropriate place to discuss the literature on the systematic usefulness of individual characters or the question of developmental history which
suffers from great differences in terminology used by different authors.
Below are some characters examined only for their systematic value.
The division into apothecia and perithecia, used here in the usual descriptive sense, has long been used to distinguish major groups. Nevertheless,
many examples of transitional types are known, but these are limited in systematically well-characterized ways to definite families [Pertusariaceae,
Acarosporaceae (Acarospora, Thelocarpon, partly with "perithecia"),
Gyalectaceae, Ostropales]. It is not certain what the original type of fruiting body originally was. It would probably be the apothecium in most
instances.
In perithecia, we have characters related to the structure of the perithecial wall, but these have been investigated very little, especially in the
carbonized forms. The degree of carbonization varies considerably phenotypically and is useful as a character only statistically. The occurrence of
periphyses is obviously systematically important but it must be carefully
examined. Involucrella, known in the Verrucariaceae, have proven to have
very useful characters by Doppelbaur (1959). The question remaining to
be answered here is to what extent their significance goes beyond the cate-
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gory of species and whether they should be used to separate out genera as
was done by Servit (1954).
The type of fruiting body in the Caliciales obviously goes back to a
basic type which has undergone various systematically relevant modifications. Nadvornik (1942) and Schmidt (1971) in particular have demonstrated
that the fine structure is of significance.
Difficult questions arise in any discussion of lirelliform apothecia. They
have originated obviously at very different places in the system of ascohymenial and ascolocular groups and are quite dissimilar systematically.
Frey (1949) and Henssen (1970) have shown that the complex furrows in the
much discussed genus Umbilicaria—a trait used by Scholander (1934) and
Llano (1950) to separate out several genera—can be used for the definition
of species through a consideration of their ontogeny and that all possible
transitions occur within natural species groups. This would, in their opinion,
nullify any application above the species level.
Lirellae form the basis of a family character for the Graphidaceae and
Opegraphaceae. One might first examine actual transitions from Opegrapha
to Lecanactis, a discocarp genus, if Lecanactis were better studied. There is
no doubt that transitions between apothecia and lirellae occur in the genus
Sarcogyne in the Acarosporaceae. One can generalize by saying that the
character "lirellalike fruiting bodies" may be familial, generic, or specific
in particular cases or is even merely an ontogentic end stage.
Apothecia have long been distinguished by the nature of the relationship
to the thallus and to the algae (Dughi, 1952; Sheard, 1967). In many instances, the generic level value is granted for the basic types. Cryptolecanorine apothecia are, of course, constant and characteristic within certain
limitations for large groups (Aspicilia), but in Buellia (Lamb and Henssen,
1968) they are connected by all possible systematic and ontogenetic transitions with lecideine ones. Marginal cryptolecanorine apothecia can be
marginate in a lecideine fashion. The extent of penetration of algae into the
margin can vary over extraordinary lengths (Poelt and Wunder, 1967, for
Caloplaca).

Carbonization of structures is obviously due to still unknown chemical
and cytological processes that are quite diverse. It can, as a rule, be regarded
as a good character at the generic level with consideration to a certain partly
ontogenetic variability. Carbonization may be confined only to the hypothecium (Dirinaria, Roccella, etc.). The great range of possibilities for carbonization is used for defining species in Lecidea. The ontogeny in species of
Pyxine is noteworthy: the juvenile apothecia are lecanorine, with the intervening carbonization leading to destruction of the algae and ending with a
superlecideine apothecium. A fuller knowledge of the chemical aspects
would result in a more important systematic criterion.
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The type of apothecial margin is often used in the Lecanora subfusca group
(Magnusson, 1932; Poelt, 1952). It is constant here and characteristic for
species groups. This character has so far received too little attention, as have
the various deposits of substances of differing chemical quality, nature, and
quantity. They are sometimes identical with thallus compounds but are not
rarely confined to apothecia. There is no reason why they could not be used
as species characters with consideration of quantitative differences.
E.

Stromata

The systematic value of the stroma, in which a number of perithecia, and
more rarely apothecia, are combined in a syncarpous body, has been considerably overrated by earlier workers, perhaps because European lichenologists were not familiar with it. Zahlbruckner (1926) recognized families on
the basis of this character. Vainio (e.g., 1890), followed by Watson (1929),
had already made reference to the questionable value of such a division.
The concept of the stroma was obviously so vague and little studied that
Redinger (1938) could still conclude that the genus Enterographa, classified
in the Chiodectonaceae which are characterized by presence of a stroma,
does not have a true stroma. Santesson (1952, p. 129, with other literature
cited) presents a discussion of the whole problem. Some other properties
are closely tied in with the formation of stromata; these were used by Zahlbruckner to define families and are likewise useless: the position of single
perithecia enbedded in the stroma and the eventual formation of a common
opening of obliquely or horizontally positioned perithecia. Letrouit-Galinou
(1958) was able to show with the genus Laurera that all possible transitional
stages can exist between only weakly implied stromata, from barely modified
thallus plexus with the substratum to highly complex partially carbonized,
sharply contrasting structures.
The all-inclusive character "stroma" can be employed for the definition
of genera, subgeneric taxa, and sometimes only species, as, for example, in
Pertusaria, where stromata are found in only some of the species and then
usually just weakly delimited. It is remarkable that reproductive stromata
are predominantly of tropical origin. The tendency to develop stromata may
serve as a family-specific character in the Trypetheliaceae and Laureraceae.
Stromatic fruiting bodies, the ascomata, of typical bitunicate lichen fungi
can contain one or several loculi as those of nonlichenized relatives. Families
were based on the presence of "simple" or more or less complete "chambered" perithecia. The resulting groups were, on the one hand, even associated with the Pleosporales and, on the other hand, with the Myrangiales.
As Riedl (1961) has demonstrated, all possible transitions may be found in
size and "septation" of ascomata. These characters are useful at best for the
definition of species or genera.
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F. Pycnidia

The structure of pycnidia, their position in the thallus, and the size and
shape of pycnospores, has been used since Nylander as a very important
character frequently used to delimit genera. Unfortunately, very little has
been published on these organs since the basic investigation by Gliick (1899)
and the improved system proposed by Steiner (1901). There is not much
doubt about the basic significance of the types of structures, although Gliick
himself mentioned the existence of transitional stages between them. The
form of the pycnospores appears to be constant by group with respect to
variation in length of long filamentous types. Shape and length can be
significant for family, for genus, or only for species in genera which have a
great range of variation, as in Opegrapha and Aspicilia, in which Magnusson
(1939, p. 16) was able to show a whole spectrum of species-specific length
range. Pycnidia merit more exhaustive study with the newer technical equipment now available.
Terminology for the organs of pycnidia has changed in the past decade in
accordance with a worker's conception on the significance of pycnospores.
It seems plausible to me that they function normally as spermatia because of
their small size, the very small amount of protoplasm, and their occurrence
on trichogynes. In other cases their function has perhaps changed toward
asexual reproduction. In this chapter the following neutral terminology is
used: pycnide and fulcrum (instead of basidia and conidiophore) andpycnospore (instead of spermatium and conidium).
G. Growth

Form

Growth form was used as a basic criterion in the earlier systems as the most
easily recognizable macroscopic character, beginning with Micheli (1729)
to Linnaeus (1753) and Acharius (1798). It remained as a character even with
the advent of the microscope (Massalongo, 1855; Koerber, 1855, 1865; see
also von Krempelhuber, 1869; Tuckerman, 1882, 1888), although more or
less modified, and was finally employed as late as the early 1900's as a primary
classification character (Harmand, 1905). It had long been realized, however, perhaps with the "Lichenes blasteniospori," that quite different growth
forms could occur together in natural groups and conversely similar growth
forms can develop in quite different groups. Growth form was used by
Zahlbruckner (1907, 1926) to differentiate families within a homogeneous
developmental series, but this principle was not always followed.
The impossibility of a schematic division is illustrated in the Teloschistaceae as shown by Malme (1926), where one finds a complete coherent
developmental series from primitive crustose to foliose and fruticose types.
On the other hand, one should not overlook the fact that most foliose and
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fruticose lichen genera may not be recently connected to definite crustose
groups and show no closer relationship between themselves. These discontinuities lead necessarily to lending greater weight to the growth form as a
character, of course only in particular cases, especially for distinguishing
families. One may consult Barkman (1958, p. 182), Frey (1929), Hilitzer
(1925), Klement (1955, p. 18), or Mattick( 1951) for greater details on growth
and life forms of lichens.
It can be determined with some exceptions that growth form, as an organizational stage, is far-reaching in natural genera and completely uniform,
in principle, with species, insofar as it is dependent on characteristic anatomical structures. In addition, refinements such as form of lobes, type of lobe
axis, and type of areolation, are also genetically determined in principle,
the degree of development, to be sure, being dependent on the environment.
H. Auxiliary

Thallus

Organs

I will discuss here only the systematic significance of these organs; they
are normally thoroughly covered in textbooks. They are often useful as
family characters, as the pores in the Stictaceae, the tufted rhizines in the
Peltigeraceae, or the umbilicus of Umbilicariaceae and are frequently specific to a particular genus, as rhizines in Parmelia, holdfasts in Hypogymnia,
or cephalodia in Placopsis. Cephalodia in the Lecanorales-Peltigerineae may
even be evaluated as a highly valuable characteristic if one considers the
alternative occurrence of species with blue-green algae without cephalodia
and species with green algae with cephalodia found in all genera. Rhizine
structure is significant mostly for species groups [simple versus squarrose as
in Parmelia (Hale and Kurokawa, 1964, p. 123)] as is the case with cilia in
groups of species in Teloschistes, Physcia, Anaptychia, and Heterodermia. The
corresponding situation in Physconia is smooth as opposed to perpendicular
fibrous rhizines (Nadvornik, 1947, p. 117).
Auxiliary organs as ecologically significant formations must be the result
of convergent evolution. This holds for rhizines, for pseudocyphellae which
occur in individual species and species groups of many genera, for rhizine
strands in placodial lichens (Poelt and Baumgartner, 1964), and for the
remarkable spongy layer which has a very similar aspect in the genera Anzia
and Pannoparmelia but which arises in quite different histological ways. In
a few cases, surface hairs may be characteristic of a whole genus (Erioderma);
they are significant as a rule for species groups (various sections of Parmelia)
or even for individual species of groups of otherwise hairless taxa (Physcia,
Physconia). There are, moreover, characteristic distinctions in the structure
of hairs and their density. The systematic value of hairs has occasionally been
open to question. After a detailed study of this problem, I have not been able
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to find a case in which presence of hairs is not constant for ataxon. In many
cases the so-called vitreous hairs (in the Physciaceae) are so easily broken
off that it is no easy matter to prove their existence.
The accessory organs of the thallus deserve more consideration systemat
ically from various aspects.
/.

Thallus Anatomy and Histology

Anatomical characters of thallus structure play a large role in the
delimitation of foliose and fruticose genera. The constancy of axil for
mation of different types (Usnea, Alectoria, Letharia, and Anzia), veins
(Peltigera, Hydrothyria), supporting tissues (Ramalina), and ground struc
ture of cortical formations (hyphae anticlinal versus periclinal, in Physconia versus Anaptychia, Physcia versus Heterodermia,
etc.) have frequently
been confirmed. They are valid systematic criteria and will not be dis
cussed further here.
It is another case with anatomical characters which are difficult to recog
nize that demand an estimation of quantitative differences. Cell diameter,
thickness of layers, etc., in particular have been investigated in great detail
by Hue (e.g., 1911) and systematically evaluated. The value of such results
based on a single section is questionable, as seen with Magnusson (1944, p.
14). Again it was Magnusson (e.g., 1929), who employed criteria such as
height of thallus cortex and thickness of cortical cells (height of the hyme
nium) for differentiating species (here in Acarospora) and used them to
characterize groups. Almborn (1965, p. 454), among others, has raised
doubts concerning this method. It is rather difficult to discuss the actual
utility of such characters when the supporting data were derived for the most
part from single specimens and the dependence of environmental factors was
not critically proved (Ertl, 1951). There are hardly any investigations on the
range of variability for these characters. One should also realize that many
of the anatomical details may be traced back to special hyphal structures,
the stages of which provide better, more directly usable results.
Experience based on identification work, on the other hand, has taught us
that these characters, used with care, can be significant. Frey (1929, ρ 229)
was able to show convincingly for Umbilicaria (syn. Gyrophora) that, while
variable, some anatomical details could be uniform in species widely distri
buted over great areas.
One gets the impression that anatomical quantitative characters should
rank well as characters of taxa of different levels, that they must still be
verified by access to a broader range of material, and that it is not feasible
to define rigid numerical data on the basis of the description of single spec
imens, later proved to be much too narrow after a second specimen is
examined.
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Algae

The algae which participate in lichen symbiosis (see Ahmadjian, 1967;
Letrouit-Galinou, 1968) first attained significance in systematic classifications in connection with Schwendener's theory, although the groups with
blue-green algae have long before been recognized separately (for example,
Flotow, in Koerber, 1848; Nylander, 1854). It should be understood that with
the acceptance of the symbiosis theory great importance would come to be
attached to the type of alga. Fries (in particular 1871-1874) made the most
consistent attempt to use algae in lichen classification. Still, it was realized
that this principle was unnatural, especially since lichenologists had begun to
comprehend lichen systematics based on lichen fungi. The principle has
actually remained significant in practice to this day, not the least because the
adaptation of lichen fungi to distinct algae is obviously the result of a long
phylogenetic development and therefore worthy of attention.
Each case, to be sure, should be examined individually. Taxonomic entities
of the more highly differentiated lichens will usually combine consistently
with a definite alga, as Parmelia with Trebouxia. At the other extreme, there
are different species in the same genus containing different algae (Stictaceae,
Petractis). Cephalodia form an exception, for they occur in a series of rather
distantly related genera (Peltigera, Solorina, Stereocaulon, Pilophorus,
Placopsis, Lecidea, Thysanophoron) as morphologically more or less distinctly delimited formations; both types of algae occur intermixed in Compsocladium (Lamb, 1956, p. 160). The blue-green algae are often not specific;
one and the same cephalodium might contain different species ofalgaatthe
same time (e.g., Lamb, 1951, p. 542). The structure of cephalodia in Stereocaulon exhibits a whole series of characters specific to species or species
groups (Lamb, 1951, p. 531).
Replacement of an algal species with another must occur repeatedly in the
phylogeny of a family such as the Stictaceae. Otherwise it is difficult to
understand the occurrence of morphologically and chemically identical
species which can only be distinguished by type of alga (see Yoshimura, 1971,
for

Lobaria).

We can generalize as follows: A given species of lichenized fungus will
always occur with a definite algal species which may be differentiated into
geographical races. The often reported occurrence together of different
lichen algae in a thallus appears to be very rare, except for species with
cephalodia, so far as one demands a symbiotic relation of the fungus to both.
Moser-Rohrhofer (1966b) discovered in Maronella a remarkable combination of a name-giving fungus with two different algae and a further torulose
fungus species. Lichens in especially moist habitats will often have colonies
of unrelated algae growing in thallus cracks and pores, but this type of
occurrence is not germane to our problem.
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Hymenial algae are restricted to the genera
Staurothele%.\2X.,Endocarpon,
and Thelenidia. They have nothing in common with the occasional literature
references to algal packets in the hymenium of different species which seem
to be the result of some kind of disturbance (Schade, 1963, p. 323).
K. Relation between Fungus and Algal

Cells

The morphological and physiological relations between fungus and alga in
symbiosis are of a varied nature. The occurrence of distinct haustoria—the
term used in a broader sense, not in the narrow definition of Moser-Rohrhofer (1966a)—such as in the family of Lichinaceae (including Pyrenopsidaceae) has long been known (Plessl, 1963, and literature cited there), although
different contact forms are found in the Cyanophili. The type of behavior can
vary in exceptional cases in the same thallus. Geitler (1963) was able to show
for Lecidea globifera that haustoria are obligately present in the older parts of
the thallus but absent in younger parts. Plessl found, too, that there was adistinct systematically relevant connection between level of organization and
type of haustorium with regard to ontogenetic and annual variation. To be
sure, Ben-Shaul et ah (1969) and Galun et al. (1970) have shown that this
picture should be modified. The form of contact can differ under different
ecological conditions for the species they studied. Distinct haustoria were
demonstrated in taxonomically remote species in xeric areas, whereas there
is only close contact of hypae and algal cells under more moderate environmental conditions.
Further study of the questions raised ought to provide valuable support
for systematics. For the present it would seem to offer little help for taxonomy in the realm of species for technical reasons.
L. Vegetative

Diaspores

The systematic value of vegetative diaspores has gone through various
changes. They were used by Acharius as criteria for defining genera (Variolaria, Isidium); later, sorediate phenotypes were designated simply as forms,
especially under the influence of G. F. W. Meyer (1825). They were determined to be a sorediate condition, not a sorediate species. The constancy of
these structures, however, induced Nylander to describe a large number of
species in Parmelia on the basis of soredia and isidia. In this way their value
was affirmed de facto. Investigations by Bitter (1901) on Hypogymnia resulted
in general recognition of types of soralia as good species characters. The
pendulum, however, swung to the other extreme at the same time. Bitter
delimited superposed systematic entities with his soralia types so that subsequently it was the fashion to combine, at least formally, the sorediate,
isidiate and nonsorediate, and nonisidiate species of the genus into special
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groups. In this way any reference to possible relationships between groups
would have been lost. Du Rietz (1924) ultimately developed some rules
for types of soralia and isidia, ascribed basic taxonomic value to these for
mations, at different levels of rank, to be sure, and finally put pairs of species
together that were morphologically and chemically identical but differed in
presence or absence of vegetative diaspores. The frequency of apothecia
bore a reciprocal relation to this order. This concept of species pairs was
taken up and expanded by Poelt (1963,1970). Hale (1965), studying Parmelia
subgenus Amphigymnia, and Yoshimura (1971, ρ. 239) studying Lobaria, both
found a series of other examples.
Since the different methods of vegetative dispersal have very unequal
taxonomic value, I will briefly discuss special features below. This does not
include thallus growth with subsequent division of thallus parts by dying
away of the center or dispersion of branched fruticose lichens by dying off
at the base.
a. UNDIFFERENTIATED FRAGMENTS. These often have a role in dis
persal, especially in fruticose lichens (see Du Rietz, 1931). They are not tied
in to definite structures, however, and for the most part have no taxonomic
value. They could be used, nevertheless, to characterize populations if com
bined with generative sterility (as in unattached Parmeliae which rarely
fruit). This method of division is common in Cladonia (Ullrich, 1955) and
Cetraria [Compare the sterile race of Cetraria islandica from Iceland des
cribed by Kristinsson (1969)]. It is altogether possible that the polyphyIlia
found in many foliose lichens are of significance here. They are normally
associated with lack of or sparse development of apothecia and in many cases
appear to be rigidly controlled genetically (for example, in Parmelia panniformis and P. laciniatuld), while in other cases the character is constitu
tionally limited and its manifestation obviously influenced by environmental
factors (Physconia, Physcia, and Anaptychia). The taxonomic value must be
determined individually for each case.
b. DIFFERENTIATED FRAGMENTS. These are found in a number of
foliose lichens. They are fine fragile protuberances which cannot be called
isidia or soredia [as, for example, in Tornabenia atlantica (Tavares, 1957) or
Anaptychia roemeri]. Such structures ought to occur more often but are over
looked. In the same category are the results of lacerations which Frey
(1929, p. 232) has discussed in Umbilicaria. The taxonomic value of these
types should be studied more closely.
c. SCHIZIDIA. This term, first proposed by Poelt (1965a, p. 580),
identifies vegetative diaspores that cannot be referred to isidia or soredia.
First of all are the undifferentiated appearing areoles and lobes that split
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in the lower part of the medulla parallel to the upper surface, the lower layer
remaining in place. The corresponding upper part which comes loose by
curling plays a role in dispersal. This has been described for Fulgensia where
it is specific in all corresponding populations and is combined with rarity
of apothecia. Only the scale of schizidial formation seems to be environmentally determined. The dispersal organs of Parmelia taylorensis, Baeomyces p. p., Trapelia p. p., and other lichens also belong in this category. I am
convinced that this trait is genetically controlled.
d.

PHYLLIDIA

(SINGULAR

PHYLLIDIUM

FROM THE GREEK WORD FOR

BLADE). These comprise those organs for vegetative dispersal which Du
Rietz (1924) calls "Isidia squamiformia" and Culberson and Culberson
(1956, p. 679) and Hale (1967, p. 22) call lobulae or lobules. They are distinctly foliose, flattened, and dorsiventral growths, of the upper cortex or
thallus margin, usually with a constricted base, and fall away as diaspores.
They are found in numerous species of Parmelia (but are rare in Europe),
Collema (flaccidum), Lasallia, Physconia, Stictaceae, and lastly in Peltigera
where the often discussed "wound isidia" (Thomson, 1948, 1950; Lindahl,
1960) are better regarded as wound phyllidia. The capacity for producing
phyllidia appears in all to be genetically fixed, even in Peltigera, as shown
by Lindahl (1960).
e. ISIDIA. These are understood as thallus outgrowths with a more or
less radial structure, which are usually somewhat scattered over the upper
surface of the thallus but rarely in restricted isidangia. We can refer to
Du Rietz (1924) for the different types; he was not familiar with the isidia
scutelliformia (Santesson, 1952, pp. 30 and 559). Isidia should not be confused with tubercles and wrinkles of wind forms and senile thalli. They always
appear to be genetically controlled and are generally good species characters. One of the exceptions is sorediale isidia which originate from soredia,
especially in dry shaded habitats. These are not carried away by water or
other forces but grow out on the parent plant and become corticate; they are,
properly speaking, soredia. The ability of soredial granules to grow out like
isidia on the parent thallus is, to be sure, genetically controlled; it is quite
common in the Physciaceae and rare in the Parmeliaceae with many sorediate species. Formation of isidia in Collema, as used by Degelius (1954)
chiefly for the delimitation of varieties and forms, seems by comparison to be
little stabilized morphologically or systematically.
f. SOREDIA AND SORALIA. Both of these terms are used here in the
usual, not original sense employed by Du Rietz (1924). Soredia are the
granular diaspores; soralia are the more or less clearly defined places of
formation (see Du Rietz for typology). Soredia and soralia are good charac-
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ters for populations at the species level as a rule. This applies first of all
for the occurrence on the whole, secondly for type of soralia, and thirdly for
shape and size of soredial granules. It does not apply to a series of structures
which are often misunderstood, including, for example, the pruina on fruiting
bodies (as in Pertusaria spp.) or the leprarioid structures of very different
lichens which primarily have nothing to do with vegetative dispersal but
represent a specialized life form in habitats that receive no precipitation
(and as such naturally have taxonomic significance). Neither should one
consider useful the globular soralia of very irregular dispersion on the thallus
(Cladonia sect. Cladina, Cetraria, Parmelia, and Pseudevernia). These occur
most often on old or moribund specimens of foliose and fruticose lichens.
These soralia do contain soredia but they seem to occur only under special
unusual conditions and do not belong with the combination of characters of
the species in question. We know nothing of the reason for their occurrence.
Species with genotypically restricted soralia are usually without apothecia. This is especially true for the majority of foliose and fruticose lichens.
A noteworthy situation obtains in a whole series of crustose Lecanorales
where adjacent thalli with apothecia and soralia and fertile thalli without
soralia will be found together. These soralia appear to result neither from
environmental factors nor from aging; they are very irregularly distributed
and often irregularly large. These species usually occur on overhanging acid
silicate rocks and more rarely on bark. Examples are Lecanora subcarnea
var. sorediata, L. cenisiavdx. soredians,L. rupicolavar.sorediata,L.
allophana
var. sorediata, Lecidella elaeochroma var. sorediata, and Lecidea cyathoides
var. sorediata.

The rank of variety has usually been assigned to these always sympatric
types which exist more rarely as the nonsorediate parallel forms. This division seems even sharper in other forms of the same genera: Lecanora atra—
L. pertusarioides, L. subradiosa—L. lojkaeana, L. intricata—L.
soralifera,
L. chlorophaeodes—L. chloroleprosa, Lecidea albocaerulescens—L. glaucophaea, and Placodiella olivacea—P. olbiensis. In these instances the sorediate

form is usually without apothecia and occurs more frequently alone. It
occurs, nevertheless, in similar habitats. The rank of species would be
appropriate since we are dealing predominantly with partial or complete
apomicts, while the category of form would be recommended in the first
mentioned group.
g. LICHENIZED HORMOCYSTS. This type of diaspore, described in 1945
by Degelius, is produced in so-called hormocystangia. According to Henssen
(1968, 1969) it is restricted to a number of species in the genus Lempholemma.
The occurrence of hormocysts is taxonomically significant and related to
reduced apothecial formation.
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III. Modifiability and Its Taxonomic Significance

Lichens lack the capacity to develop special resting stages for survival
during unfavorable periods. Thus, as long-lived organisms, they may be subjected to the effects of an extreme and hostile environment over a period of
many years. This leads to considerable environmentally induced modification, and the range of phenotypic variation, especially among many of the
crustose lichens, is often much greater than the phenotypically expressed
genotypic difference between species and even species groups (Poelt, 1965b;
Lamb and Henssen, 1968). Phenotypes of a single species growing in different habitats can appear so unlike that it calls for a detailed analysis and
long experience to recognize them as relatives of one and the same population. On the other hand, convergent phenotypic change arising at identical
habitats can be so similar (Sandstede, 1931, p. 3) that very careful analysis
and experience may be needed to confirm their true identity. Further discussions on the effects of substrate per se on morphological changes are presented by Brodo (Chapter 12).
A. Abiotic

Factors

If one looks at the mean habitat of a lichen, it will be seen that the shade
forms are less prominently pigmented and, for foliose and fruticose forms,
are poorly branched and often have narrower lobes. In many groups the
expression of species characters is to some extent heightened by exposure
to light. The brown pigmentation of the upper surface of many species in
Hypogymnia, associated with strong light intensity, becomes weaker as the
light decreases. Shade forms are often difficult to recognize. Pendulous
lichens are longer and less branched in shade but become short and shrubby
when exposed to full sun and wind. Other examples of these well-known
phenomena are enumerated by von Krempelhuber (1861, p. 72).
The grinding and polishing effect of wind exerts a strong influence on the
phenotype, the thalli being abraded by sand or ice crystals. In this way,
severely damaged lichen specimens are often incorrectly identified by inexperienced workers. Their normal characters can be totally altered, and not
a few of them have been described as distinct species. Aquatic lichens, as in
Verrucaria, show the effects of sand grains which abrade broad sections of
the thalli exposed to rapidly flowing water.
Pruinosity of the thallus and/or apothecia is a much discussed character
(Weber, 1962). In past decades, a large number of taxa have been described
on the basis of the very variable occurrence of pruina. In actuality, there have
been very few investigations into the true nature of pruina. Deposits of dust
are sometimes mistaken for pruina in lichens that grow in xeric habitats. A
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white, often thick epinecral layer is produced on crustose lichens in these
regions. This occurs as a continuous incrustation or cracks apart into
sections. Although environmentally induced in many taxa, its expression is
undoubtedly genetically controlled in other groups, as in Physconia, which
has large species-specific flocks of pruina (Poelt, 1966). Here the actual
production of pruina, as well as its manner of formation, are genetically
determined. Pruina in other cases consists of more or less distinctly crystallized deposits. These are the result of specific metabolic processes in the
lichen and for this reason have taxonomic value. Here the capacity to form
pruina is genetically determined while the amount produced may be subject
to environmental factors.
It is unknown to what extent the occurrence of calcium oxalate crystals
in lichens also has a specific genetic base. Schade (1970) discusses a series
of examples which show that at least the quantity of crystals formed is
dependent on environmental factors. The size of crystals in the discocarps of
various taxa in the Lecanora subfusca group is species-specific (Magnusson,
1932).
B. Biotic

Factors

Schade (1933, with older references, 1956, 1963) should be credited with
pointing out the great significance of feeding damage on the appearance and
development of lichens. Damage caused by snails, mites, and insects is
extremely widespread, and it is quite difficult in many, especially eutrophic
areas to find any undamaged thalli for certain species. Fresh damage is fairly
easy to recognize as having exogenous origin. Deformations arise on aging of
the feeding areas (a bluing of the medulla in Rhizocarpon geographicum coll.)
and especially through regeneration stages and repeated damage and
regeneration. These stages may alter the phenotype significantly, providing
the basis for the extraordinarily large number of new taxa created in the
literature. Examples may be found in all the larger crustose genera. Taxonomists studying some species in Caloplaca would be hard put to define the
"typical" (undamaged) appearance. Specimens preserved in herbaria have
almost always been collected in the damaged state, and one may be forced
to include damage in the description as the normal state of the population.
Grummann (1954) proposed a nomenclature of damaged forms as "terata"
and a more recent treatment of the problem can be found in Hertel (1967).
Aging phenomena can strongly alter the appearance of lichens in groups
where individuals remain intact without vegetative dispersion, as well as in
species of Umbilicaria. Schade (1963) and Lamb and Henssen (1968, p. 4)
have referred to this problem most recently. A special form of habitual
change occurs when lichen diaspores develop too closely together for still
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unexplained reasons. Adnate dwarf thalli are produced, often with dense
initials of pycnidia or apothecia which do not develop further.
Gall formation is not rare among lichens (seethe comprehensive study by
Grummann, 1960). This has also given rise to taxonomic errors, although
these are far fewer than in the case of damage caused by insect feeding. Little
has been written on erroneous determinations based on lichen parasites
growing on lichens. The genus Abrothallus DeNot., for example, was based
on the combination of a fungus with a Parmelia species (Santesson, 1960,
p. 514), just as in Aspidelia Stirt. (Culberson, 1966). The parasitic lichen
Lecanora gisleri attacks three different species in a distinct group in
Lecanora and some combinations of host and parasite have been described
as species (Poelt and Ullrich, 1964).
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