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I. Early Lichen Systems

Space does not allow a survey of the many lichen systems that have already
been proposed. Von Krempelhuber (1867-1872) summarizes these up to
1870. Fries' proposed system, based for the most part on type of alga, was
unfortunately never completed. Vainio(1890) and Reinke (1894-1896) laid
the groundwork for a system later used and popularized by Zahlbruckner
(1907, 1926). Vainio developed his ideas further, as in his divergent conception of grouping the pyrenocarpous lichens (1921) and Coniocarpineae
(1927). He placed the most highly differentiated genera at the beginning of
his system and regarded less differentiated groups as reduced forms. Watson
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(1929) achieved a more natural system for a number of groups but took a
step backward when he emphasized spore type. Choisy (1949-1953) proposed some broad divisions based on rather obscure details where structure
of pycnidia played an important role. Rasanen (1943) built on Vainio's
system, presenting brief synopses and keys for all known genera and the
most important sections but using characters that are not regarded as basic
ones today. In the meantime, Nannfeldt( 1932) had proposed a fungal system
where two divisions were made, Ascoloculares and Ascohymeniales. These
groupings have retained a considerable degree of validity up to the present
time. A number of authors, in particular Luttrell (1951) and R. Santesson
(1952, 1953), have made further subdivisions into ascohymenial and unitunicate versus ascolocular and bitunicate groups and proposed somewhat modified systems of classification (R. Santesson, 1952,1953; Hale, 1967; Hale and
Culberson, 1970) which are still far from being acceptable "natural" ones.
Even a superficial analysis of any of the past systems will show that we
cannot really speak of a true integration of lichenized fungi in any presently
accepted fungal system. Lichen systematists have hardly ever been really
familiar with the corresponding fungal groups, and mycologists have had
enough difficulties with their own groups without bringing in the lichenized
fungi. We are still far from a final natural system for lichen fungi. Much
remains to be done on important diagnostic characters in all groups.

II. Parasitic Lichens, Parasymbionts, and Lichen Parasites

As symbiotic organisms lichens are by definition autotrophic. It must
seem strange then that we still find species containing algae which regularly
parasitize other lichens or, more rarely, mosses. This concept of parasitism is taken here in the broadest sense. There are actually numerous species
which live as parasites in various degrees. References to these are scattered
through the literature of the nineteenth century (see, for example, Fries,
1874, p. 343; Arnold, 1874, p. 86; Malme, 1892). Most such species have by
definition been excluded from lichens proper. Their names accordingly do
not usually appear in Zahlbruckner's Catalogus. In the past decade many
new species in this biological group have been described. They are parasitic
but also have their own algae-containing thalli so that they may be assigned
to definite lichen genera (Magnusson, 1929, p. 38; Lamb, 1953, p. 405). The
group has received more recent attention (Poelt and Doppelbaur, 1956) and
an incomplete survey for Europe (Poelt, 1958) indicates 54 species among
the discolichens. More parasitic species are being described (Poelt, 1963;
Hertel, 1970b; Poelt and Steiner, 1971). By contrast, the pyrenocarpous
parasitic lichens have attracted very little attention. Steiner (1896,1898) long
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ago discussed pertinent species in the genus Verrucaria and proposed a separat genus Verrucula.
The biological relationships of the species involved are often very different. In addition to the facultatively parasitic species, as the group in
Rhizocarpon geographicum, one also finds a widely dominant group of
obligate parasites which, because of their dependence on parasitism, are
often reduced in size and thallus structure when compared to related nonparasitic species. This form of parasitism is from all existing observations
genetically conditioned. The parasitic lichen species appear to have arisen
from true autotrophic associations.
The majority of organisms that are usually designated as lichen parasites
are probably derived from parasitic lichens. For example, one can find
in Buellia not only many undoubted independent parasitic species that
still form their own thallus, but other species which have hyphae entering
a secondary symbiotic association with the host algae without forming a
morphologically independent thallus. These organisms have been referred
to as parasymbionts since Zopf (1897). We can cite as an example Buellia
destructans, a parasitic species which injures its host and ultimately grows
as a saprophyte on wood. Another direction has been taken by a species
group in Arthonia (Hertel, 1969), the most extreme being A. intexta Almqu.,
the asci of which are imbedded in the hymenium of the host rather than in its
own fruiting body. Most of the parasites such as this one are biologically
rather strongly bound to a definite host but the poverty of good characteristics makes them difficult to study taxonomically.
Other so-called lichen parasites are clearly derived from nonlichenized
fungi, for example, the Nectriaceae (Santesson, 1953). We are not concerned
here with groups of lichen parasites without a lichenized thallus. The greater
part appear to be very closely related to lichens but have received little
attention from mycologists. They have almost exclusively been the province
of lichenologists.
Arnold (1874) drew up a comprehensive list of these organisms using
works by Tulasne (1852), Lindsay (1869), and Koerber (1855, p. 452).
Zopf (1896a,b, 1897, 1898), Tobler (1911), Bachmann and Kotte (for citations, see Keissler, 1930, pp. 17, 20, and 24) dealt with the biology of this
group. Systematic lists for finite regions were published by Zopf (1896b),
Olivier (1905-1906, 1907), Vouaux (1912-1913, 1914), and Watson (1948).
The foundation of this branch of lichenology was laid by Keissler in his treatment of lichen parasites in Rabenhorst's Kryptogamenflora. Nomenclature
and species concepts, however, are in need of considerable revision (R.
Santesson, 1960; Vezda, 1963, 1969, 1970). Progress in the taxonomy depends
more on an understanding of the biological relationships, much as in autotrophic groups.
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III. Lichenized and Nonlichenized Fungi

As just mentioned, one is faced with great difficulties in any attempts to
fit lichenized fungi into any system proposed for the nonlichenized fungi. The
latest synopsis of the disco my cetes (Kimbrough, 1970), in an all too characteristic way, omits the lichen fungi completely.
Many authors consider that the Lecanorales represent a very special group
of almost exclusively lichenized fungi whose nonlichenized representatives
are partly, if not completely, secondarily nonsymbiotic. Earlier workers
called them "Lichenes athalli," "Lichenesparasitici,"or "Pseudolichenes."
Some poorly known genera such as Mniaecia and Epiglia occupy the transitional area with the Lecanorales. Likewise, the Helotiales, which contain
no typical lichenized species, include a number of atypical genera not
previously positively classified (Odontotrema, Beloniella, Tryblidium, etc.),
which resemble lichens in habit with perennial thalli easily discoloring the
substrate, long-lasting fruiting bodies, etc. This group should receive more
attention. It may be closely related to the Lecanorales.
The families grouped under the Arthoniales below in our proposed
classification also seem to represent an evolutionary line wholly dominated
by lichenized fungi with a number of species occurring as parasites on
lichens. The boundary with nonlichenized forms is of course harder to draw
(Opegra^Atf-Hysteriales?) and satisfactory delimitations will require much
more study. One should consult the discussions of the Arthoniaceae by
Muller and von Arx (1962, p. 223).
The lichenized Dothideales appear to be a small relatively recent group
with a very large number of nonlichenized forms. Many form a "lichenoid"
type but the boundary between lichens and lichenoid fungi and fungi which
are perennial is especially difficult to draw in this group.
The Caliciales [according to Kimbrough (1970) a family in the Helotiales]
are in our opinion basically lichenized fungi although various parasites and
delichenized forms are known. It is difficult to decide whether the Mycocaliciaceae as studied by Schmidt (1970) should be considered as primary
nonsymbionts or an offshoot of a lichenized group.
The Verrucariales also comprise an order of obviously primary lichenized
fungi. See the discussion by Muller and von Arx (1962, p. 802). The lichen
parasites Tichothecium and Pharcidia may or may not belong here.
The Pyrenulales are far too little known to be discussed intelligently. We
assume that the nonlichenized relatives would be found in the tropics, if at
all. Mycological literature dealing with comparable groups is of no help. We
would tentatively regard them as a somewhat heterogeneous group of
primarily lichenized fungi. The same may hold for the Ostropales, which
have few nonlichenized species and some are partially lichenoid (Stictis). The
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Graphidales are very doubtfully circumscribed at this time, and it is not possible to consider further the families of uncertain position here.

IV. Taxonomic Categories in Lichenology
A.

Taxonomic

Ranks

There is a very large body of literature on taxonomic ranks, dealing mostly
with flowering plants (see Du Rietz, 1930; Davis and Hey wood, 1963). The
population concept in biotrophic groups has gained a good deal of attention
in fungi (cf. Johnson, 1968). These concepts have played only a minor role
in lichenology except for the arguments surrounding "chemical" populations. The following discussion will touch briefly on taxonomic ranks being
used today and their probable value.
1. FORMA

Lichen (as well as bryophyte) floras, identification manuals, and lists are
filled with "formae," 95% of which are merely modifications in the broadest
sense. They do not really exist and should be dropped. The range of variation
in the phenotype of a population is better expressed in a short description.
The concept of "forma" can be reserved for a slightly genetically deviating
population which occurs dispersed over the area of the parent population
and does not form a larger population and unique area. Examples of this
are probably the mutant populations of Solorina crocea and Parmelia centrifuga.
2. VARIETY

This is used interchangeably for the term "forma" with many varieties of
lichens. It is also used chiefly for more strongly divergent but still environmentally determined phenotypes without systematic value. Lichenologists
have not agreed on a uniform interpretation of this category. It is often
applied to insufficiently known populations or for phenotypes where the true
basis of the deviation, environmental or genetic, remains unproved.
3. SUBSPECIES

Lichenologists have made little use of this rank. Runemark (1956) employed it for the difficult complex of yellow Rhizocarpon species in morphologically weakly differentiated populations with distinct centers of distribution.
Imshaug and Brodo (1966) used it chiefly for chemical races of different
geographical origin. Subspecies rank should be reserved in the future for
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populations without strong morphological differences but with very clear
chemical differences as well as distinct distributions or divergent ecological
requirements.
4. SPECIES

It is unrealistic to discuss the rank of species in detail here. It is used for
all distinct populations that are different from others and are based on
morphological traits. When combined with geographic differences, a decisive chemical character alone may be sufficient for completely sorediate
and usually widespread apomictic species.
5. GENUS

The concept of genus in lichens is now in a state of flux. Outside of a
series of long-known strongly isolated and often species-poor genera, the
rank of genus has long been used for large schematically delimited generic
groups, while in other areas of cryptogamic botany there is a tendency to use
genus for smaller species groups that are not always well delimited and
without transitional areas but that are still natural. It would seem essential
to examine the genus concept in nonlichenized fungi and to standardize it in
lichens for smaller more natural groups.
No attempt will be made here to discuss ranks above genus.
B. Use of Chemical

Criteria

No field in lichenology is as controversial as the use of lichen substances
in taxonomy. Chemistry was introduced by Nylander in 1867 for color-spot
tests that have a real diagnostic value. An enormous mass of chemical data
for lichens has accumulated since then and several excellent compilations
are available (Asahina and Shibata, 1954; C. Culberson, 1969,1970). Recent
lichenologists often specify the lichen substances in a species as a matter of
course, as one would cite spore characters, etc.
Many papers have also been written in the last 20 years on the systematic
value and meaning of lichen substances (Thomson, 1963; Hale, 1966,1967;
W. Culberson, 1969; Culberson and Culberson, 1970), both at the species
level and in terms of generic and familial relationships. Nevertheless, dispute
continues as to the systematic relevance of chemistry, although agreement
is gradually being reached on the most important criteria for evaluating this
character (J. Santesson, 1970).
Mention should be made of the systematic importance of the iodine test
which has been used so often in lichenology. Unfortunately, little is known
about the structure of substances where the reaction occurs and the chemical
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and physiological basis for it. The iodine test is very dependent on the
concentration of the solution, temperature, and other conditions and should
therefore be carried out under comparable terms (Ziegenspeck, 1924; also
Lettau, 1932, p. 15).
Iodine reactions have been given for the medulla of lichens (for example,
isolichenin in Cetraria islandica) but only rarely for the cortex. In many
groups such as Lecidea section Silaceae the medullary reaction (usually
indicated as I + blue but mostly a question of violet hues) has been found
to be a remarkably constant and useful character for definition of species and
even species groups. There are of course cases where a transient very slight
coloration occurs and this should not be confused with a true test. The 1 +
red medullary reactions in the Collemataceae (Dughi, 1942) are meaningless.
Iodine reactions have been reported for fruiting bodies and used systematically for the cortex of certain crustose lichens [e.g., in the Caloplacaferruginea group by Magnusson (1944), or in species of Rinodina by Magnusson
(1947)]. The reactions are sometimes rather weak and should be followed
with great care. The medullary reactions in ascocarps most often correspond
to the medullary reaction of the thallus and are quite valid. The hymenia
have truly diverse reactions; those in the subhymenium and parathecium are
less studied. Various parts of asci also react [amyloid structures or "lichenin"
of Ziegenspeck (1924) also defined as isolichenin]. Colloids or gelatin in the
hymenium deposited by asci or hymenium colloids in general also react,
as do, in a relatively smaller number of cases, the spores (for example,
Diploschistes, Graphis, Pachyascus), but the intensity may vary according to
population or species. A transient blue is replaced by a yellow or red hue
in many groups. These reactions still demand a more exhaustive study.

V. Proposed Classification: Ascolichens

The following system is a composite drawn from numerous scattered
articles. A number of colleagues have offered suggestions and help, including
in particular Dr. A. Henssen, Dr. H. Hertel, and Dr. A. Vezda. This system,
based partly on my own preliminary studies of ascus structure, is offered
primarily as a help and stimulant for other investigations, not as a final
solution to the problem of lichen classification.
Nomenclature of families follows Cooke and Hawksworth (1970) and for
genera Ainsworth and Bisby (Ainsworth, 1971) was used. The number of
species in each genus was taken for the most part from Ainsworth and Bisby
and it should be realized that this number is at best a rough approximation.
The morphological terms are those already defined in my chapter on
taxonomic characters (Chapter 3) and in the chapter by Jahns (Chapter 1).
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Arthoniales

Thallus crustose, more rarely distinctly lobed, predominantly fruticose in
the Roccellaceae. Ascocarps round to lirelliform pseudothecia, solitary or
rarely grouped, either lacking a receptacle or with a special often carbonized
and frequently reduced receptacle, surrounded by the thallus. In some
genera asci lying loosely on the mycelium and indistinctly grouped. Paraphysoids thick, branched in gnarls to anastomosing netlike. Asci typically
bitunicate, nassasceous, rarely annelasceous. Spores two-celled to manytransversely septate to muriform and then with angular spore cells. Pycnospores rod-shaped to filamentous. Algae trentepohlioid to protococcoid. A
series of species parasitic to parasymbiotic. Widespread but most commonly
developed in the tropics.
1. ARTHONIACEAE REICHENB.

Thallus crustose. Ascocarps round to irregularly undulate and branched,
without or with only a rudimentary receptacle. Asci globose to broadly
clavate, united in lax groups or defined. Hypothecium sometimes carbonized. Thallus lichenized or saprophytic or parasitic to parasymbiotic on
lichens. Widely distributed but richly developed in the tropics.
Genera: Arthonia Ach. ( 5 0 0 ) , Arthothelium Mass. ( 8 0 ) , Cryptothecia Stirt.
( 1 7 ) , Stirtonia A. L . Sm. ( 6 ) . This family is unrelated to the Myriangiales.
2 . OPEGRAPHACEAE STIZB. EX TUCK.

Thallus crustose. Ascocarps sessile with a distinct receptacle or immersed
and then often the receptacle reduced, clustered in stromata in some genera,
lirelliform, simple to branched. Hymenium remaining as a slit or later opening widely. Asci more or less clavate. Thallus lichenized or parasitic to
parasymbiotic on lichens. Widely distributed but chiefly tropical.
Genera: Chiodecton Ach. ( 1 7 5 ) , Dictyographa Mull. Arg. (5),Enterographa
Fee (30),? Enterostigma Mull. Arg. (1), Mazosia Mass. ( 9 ) , Minksia Mull.
Arg. ( 3 ) , Opegrapha Ach. ( 3 0 0 ) , Sclerophyton Eschw. ( 8 ) .
3 . LECANACTIDACEAE STIZB. EX TUCK.

Thallus crustose. Ascocarps sessile with a distinct receptacle or immersed
with a reduced receptacle, round. Asci more or less clavate. Spores transversely many septate. On bark and rock, chiefly in warmer regions.
Genera: Lecanactis Eschw. (90), Melampydium Stirt. (1), Schismatomma
Mass. ( 8 5 ) ; ? Pseudolecanactis Zahlbr. ( 1 ) . This family should perhaps not be
segregated from the Opegraphaceae.
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4. ROCCELLACEAE CHEV.

Thallus corticate, rarely crustose, mostly fruticose, round to flattened in
cross section, rarely distinctly foliose, with a very irregular shape in many
genera. Ascocarps sessile to immersed, rounded to irregularly sinuous,
arranged in groups in many genera with a distinct receptacle or surrounded
by thallus. Spores transversely many-septate, colorless to brown. Algae
trentepohlioid. On rocks, rarely on wood, principally along coastlines in
the tropics and subtropics.
Genera: Crustose: Dirina Fr. (14), Dirinastmm Mull. Arg (1), Lobodirina
Follm. (1), ? Cyclographa Vain. (1). Fruticose-foliose: CombeadeNot. (1),
Darbishirella Zahlbr. ex Darbish. (1), Dendrographa Darbish. (2), Dolichocarpus R. Sant. (1), Gorgadesia Tav. (1), Hubbsia W. Web. (1), Ingaderia
Darbish. (1), Pentagenella Darbish.
Roccellaria Darb. (1), Roccellina
grapha J. Steiner (1), Sagenidium

{\\ReinkellaOdLrb.(2\RoccellaOC.05\

Darb. (1), Roccellodea Darb. (\\RoccelloStirt. (1), Schizopelte Th. Fr. (\),Simonyella

J. Steiner (1).
5. CHRYSOTRICHACEAE ZAHLBR.

Thallus granular—cottony, white or brightly pigmented. Ascocarps sessile to immersed and then covered by thallus, white or brightly pigmented.
Spores transversely many-septate, colorless. Algae protococcoid. On
organic substrates in warmer regions.
Genera: Byssocaulon Mont. (6), Chrysothrix Mont. (1), ? Temnospora Mass.
(?1) consisting of very densely branched, thick-walled, anastomosing
hyphae. The delimitation of this family is unsettled.
B. Order

Dothideales

Thallus crustose. Ascocarps mostly perithecialike ascolocular pseudothecia with a loculus opening with a pore. Rarely several loculi present with
pores or a fissured opening or growing together in stromata. Paraphyses
filamentous, persistent or gelatinizing. Asci typically bitunicate, nassasceous, I—. Spores often asymmetric.
The nonlichenized fungi make up the bulk of this order (see, for example,
Muller and von Arx, 1962, p. 262). The relationship of lichenized forms will
remain unclear until the systematics of the order as a whole is clarified.
PLEOSPORACEAE WINT. (INCLUDING ARTHOPYRENIACEAE W. WATS.)

Pseudothecia sessile to immersed, free, with a single loculus (rarely
several) or several growing in immersed to sessile stromata. Walls extremely
thick. Pores and fissures apical, bare or provided with periphysoids. Asci
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mostly eight-spored. Spores transversely two- or more-septate tomuriform,
colorless to dark. Many lichenlike forms are only doubtfully lichenized.
The algae have usually proved to be Trentepohlia in those cases where algae
can be demonstrated. Chiefly corticolous.
Genera: Arthopyrenia Mass., incl. Lejophloea S. Gray wnAXanthopyrenia
Bachm. (?200), Dermatina Almqu. (30), Leptorhaphis Koerb. (36), Microthelia Koerb. (70), Microtheliopsis Mull. Arg. (\),Mycomicrothelia
Keissl. (3),
Mycoporellum Mull. Arg. (7 + ?6), Mycoporopsis Mull. Arg. em. Riedl (6 +
?3), Polyblastiopsis Zahlbr. p.p. (?), Sporoschizon Riedl (1), Tomasellia Mass.
(50).
C. Order

Verrucariales

Thallus crustose or foliose, gray to brown, lacking typical lichen substances. Ascocarps perithecia, structurally similar to the apothecia of the
order Lecanorales, sessile or more or less immersed; wall colorless to carbonized, often surrounded by an annular to closed, appressed to spreading
carbonized involucrellum, and with persistent periphyses inside at the
ostiole. Paraphyses very soon gelatinizing and deliquescing. Asci thickwalled, with a corona but nonfissitunicate, I— or 1+ blue. Spores usually
comparatively large, thin-walled. Pycnidia immersed; fulcra with long cells,
the pycnospores threadlike. Algae protococcoid. Predominantly on inorganic substrates outside of the tropics.
VERRUCARIACEAE ESCHW. (INCLUDING DERMATOCARPACEAE ECHW.)

Characters as described for the order.
A. VERRUCARIOIDEAE. Hymenial algae absent. Thallus crustose to squamulose or peltate-foliose.
The division into genera in all previously proposed systems is quite
artificial. One can find transitional stages in spore septation, in the presence
or absence of involucral formation, and in growth form of the thallus.
Genera: Dermatocarpon Eschw. (80), Leucocarpia Vezda (1), Placidiopsis
Beitr. em. Servit (10), Polymastia Mass. (120), ? Sarcopyrenia Nyl. (1), Thelidium Mass. (100), Trimmatothele Norm. (5), Verrucaria Schrad. (300).
B. STAUROTHELOIDEAE (STAUROTHELEACEAE SERVIT). Hymenial algae present. Thallus crustose to squamulose-foliose.
Genera: Endocarpon Hedw. (30), Staurothele Norm. (40).
D. Order Pyrenulales

Thallus crustose. Ascocarps perithecia with a typical ostiole, solitary or
in groups. Asci more or less distinctly bitunicate, thick- or rarely thin-walled,
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I - , with or without a corona or a nonamyloid less distinct ring structure.
Spores symmetrically transversely septate, two- or more-celled or muriform.
Paraphyses more or less filamentous, forming a net, or remaining free. Fulcra
mostly simple. Algae predominantly trentepohlioid. On various substrates,
principally in warmer regions. The following arrangement is strictly provisional. The divisions into families are taken chiefly from Vezda (in litt.).
1. PYRENULACEAE ZAHLBR.

Perithecia solitary or grouped with upright, oblique, or horizontal ostioles.
Paraphyses branched and anastomosing. Asci mostly cylindrical with a
corona and well-developed endoascus. Spores transversely several septate to
muriform, with thickened walls and rhombic lumina, colorless or brown.
Mainly corticolous in warmer regions.
Genera: Anthracothecium Hampe ex Mass. (93), Astrothelium (Eschw.)
Trevis. (40), Cryptothelium Mass. (15) Parathelium (Nyl.) Mull. Arg. (?15)
Parmentaria
Mull. Arg. (25), Plagiotrema Mull. Arg. (2), Pleurotheliopsis
Zahlbr. (7), Pseudopyrenula Mull. Arg. (45), Pyrenastrum Eschw. (22), Pyrenula Ach. (190).
2. TRYPETHELIACEAE ESCHW.

A number of perithecia produced in a stroma. Paraphyses branched and
joined in a net. Asci cylindrical-clavate with a well-developed endoascus
and less distinct ring (constant?). Spores transversely several septate with
thick walls and more or less lens-shaped lumina, colorless. Chiefly tropical
in distribution.
Genus: Trypethelium (100).
3. LAURERACEAE VEZDA AD INT.

Perithecia solitary or more commonly growing together in stromata.
Paraphyses branched and netlike. Asci cylindrical-clavate with a well-developed endoascus and less distinct ring. Spores muriform, thin-walled, the
lumina angular. Chiefly corticolous in the tropics.
Genera: IBottaria Mass. (6), Campylothelium Mull. Arg. (9), Phyllobathelium (Mull. Arg.) Mull. Arg. (3), Laurera Reichenb, (28), some species
in Polyblastiopsis Zahlbr.
4. STRIGULACEAE ZAHLBR.

Perithecia solitary, erect, or lying oblique or horizontal and with oblique
or lateral ostioles and then often growing together in groups. Paraphyses
simple to sparsely or richly branched and netlike. Asci thick-walled, the
endoascus continuous. Ring structure present or lacking. Spores trans-
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versely two- to many-septate, colorless, the lumina angular. Algae mostly
trentepohlioid, rarely protococcoid. On various kinds of substrates, primarily in warmer regions, with many foliicolous species in the tropics.
Genera: Acrocordia Mass. (?), Aspidothelium Vain. em. R. Sant. (4),Lithothelium Mull. Arg. (2), Phylloblastia Vain. (1), Pleurotrema Mull. Arg. (10),
Raciborskiella Hohnel (2), Singula Fr. (12).
Perhaps the family should be further divided into the Strigulaceae sens,
strict, and the Acrocordiaceae.
5. CLATHROPORINACEAE VEZDA AD INT.

Perithecia solitary, upright. Periphyses lacking or weakly developed. Paraphyses mostly simple. Asci thin-walled, the endoascus reduced to a thickening of the ascal tip. Spores transversely septate to muriform, colorless,
thin-walled. On various substrates, principally in warmer regions with many
foliicolous species in the tropics.
Genera: Belonia Koerb. ex Th. Fr. (12), Clathroporina Mull. Arg. (60),
Porina Mull. Arg. (300), Trichothelium Mull. Arg. em. R-Sant. (6).
The following pyrenocarpous family has not yet been assigned a definite
position:
6. MICROGLAENACEAE SERVIT.

Thallus crustose. Perithecia solitary, upright. Periphyses lacking. Paraphyses thin and filamentous, simple to branched and netlike. Asci thickwalled, I + light blue, the tips with a strongly I + blue apical cushion or plug.
Spores transversely septate to muriform, colorless, the walls or at least the
septa thin. On various substrates, most common in cooler regions.
Genera: Geisleria Nitschke (3), Microglaena Koerb. (40): Thrombium (?1)
with one-celled spores could tentatively be placed here. Thelenidia also falls
somewhere near here. (Vezda, in litt.).
E. Order

Caliciales

Thallus crustose-squamulose to foliose and fruticose. Ascocarps apothecia
with closed or more often open discs, most with distinct, more rarely reduced
stipes. Asci with an apical thickening, the spores released in the usual form;
normally uniformly thin-walled, disintegrating at maturity or breaking up
into spore-bearing fragments. Spores, fragments of asci and paraphyses
mostly forming a powdery mass, the so-called mazaedium. Spores normally
weakly to strongly pigmented, often ornamented. Algae quite variable.
Common on wood and bark, rarer on rocks, with some species parasitic or
algae-free saprophytes.
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This order appears to be very uniform. Included here as well are the
nonlichenized populations except for Caliciopsis. There is no obvious connection, as previously assumed, to the Coryneliales.
1. MYCOCALICIACEAE A. SCHMIDT

Thallus thin, "crustose." Apothecia almost always distinctly stipitate.
Asci thick-walled or with an apical wall thickening, not breaking up into a
mazaedium. Paraphyses simple or furcate. Spores more or less brown.
Saprophytes, lichen parasites, or (?) lichens.
Genera: Chaenothecopsis Vain. (8), Mycocalicium Vain. (l),Phaeocalicium
A. Schmidt (3), Stenocybe Nyl. ex Koerb. (5), Strongyleuma Vain. (4).
2. CALICIACEAE FEE

Thallus crustose, squamulose to effigurate. Apothecia stipitate, sessile,
or immersed with a rudimentary conical stipe in the thallus. Asci thin-walled,
disintegrating into a mazaedium. Spores colorless or brown. Fulcra simple.
Pycnospores short or filamentous.
Two families were formerly recognized: Caliciaceae (apothecia stipitate
to sessile) and Cypheliaceae (apothecia sessile to immersed). This division is
certainly not a natural one. Possibly some tropical genera with filamentous
pycnospores could be segregated as a distinct family, but this would be
impossible in the light of our knowledge today.
Genera: Allophoron Nadv. (1), Calicium Pers. (100), Carlosia Samp. (1),
Chaenotheca Th. Fr. (23), Coniocybe Ach. (24), Coniocybopsis Vain. (4),
Cyphelium Ach. (30), CypheliopsisVam.

(2), WarriollaNorm.

(1),Pyrgidium

Nyl. (1), Pyrgillocarpon Nadv. (2), Sphinctrina Fr. (20), Schistophoron Stirt.
(1), Stephanophoron Nadv. (2), Texosporium Nadv. (1), Tylophorella Vain. (1),
Tylophoron Nyl.

(12).

3. THOLURNACEAE RAS. (ILLEG.)

Thallus foliose, consisting of cylindrical hollow podetia coming out from
the lobes and bearing immersed apothecia on the contracted tips. Spores
two-celled, dark. Fulcra short-celled. Algae protococcoid. Growing on thin
twigs.
Genus: Tholurna Norm. (1)
4. SPHAEROPHORACEAE FEE

Thallus fruticose, branched, the branches flattened to round, solid in
cross section, uniform or differentiated into an axis and phyllocladia, with
or without cephalodia. Apothecia marginal to terminal, enveloped by the
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thallus. Spores one- to mostly two-celled, pigmented. Fulcra short-celled.
Algae protococcoid. In cool moist regions and centered in the Southern
Hemisphere.
Genera: Acroscyphus Lev. (1), Pleurocybe Mull. Arg. (1), Pseudosphaerophorus Sato (1), Sphaerophorus Pers. (incl. Calycidium Stirt.) (7), Thysanophoron Stirt. (1).

The family is not at all homogeneous. Acroscyphus is a strongly isolated
genus that could be placed in its own family. Pleurocybe also diverges from
the type, while Sphaerophorus, Pseudosphaerophorus and Thysanophoron are
very closely related.
F. Order

Ostropales

Thallus crustose. Ascocarps round apothecia with punctiform to open
ostioles, deeply immersed to sessile. Receptacles consisting of interwoven
hyphae without forming a radiating amphithecium, colorless or dark. Periphysoids arising from the innermost receptacle layer. Paraphyses simple,
sometimes anastomosing, not or only somewhat thickened apically. Asci
thick-walled but nonfissitunicate, cylindrical to clavate, I - , with or without
apical rings and corona structure. Hymenial gelatin not rarely 1+ blue.
Spores mostly transversely several-septate to muriform, rarely one- or twocelled, often I + violet. Fulcra usually long-celled. Pycnospores short. Algae
predominantly trentepohlioid, occasionally also protococcoid. On various
substrates in warmer regions.
1. OSTROPACEAE REHM

Apothecia at most barely surrounded by thallus. Asci narrowly cylindrical.
Spores extremely long and narrow, transversely many-septate to weakly
muriform, thin-walled with angular spore cells. Algae protococcoid. On
bark.
Genus: Conotrema Tuck. (5). The other members of the family are nonlichenized saprophytes.
2. THELOTREMATACEAE ZAHLBR. (INCLUDING DIPLOSCHISTACEAE)

Ascocarps round, mostly distinctly surrounded by the thallus. Asci more
or less clavate. Spores ellipsoid to long ellipsoid with lens-shaped or angular
cells, colorless or brown. Algae trentepohlioid or more rarely protococcoid.
Some of the genera are divided rather artificially on spore characters.
Genera: Chroodiscus (Mull. Arg.) Mull. Arg. (2),DiploschistesNorm.
(35),
Gloeolecta Lett. em. Vezda (2), Leptotrema Mont, et v.d. Bosch (65), Ocellularia Mey. (120), Petractis Fr. (5), Phaeotrema Mull. Arg. (30), Polystroma
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Clem. (1), Ramonia Stiz.
ITremotylium Nyl. (6).

(10),

Thelopsis

Nyl. (6)

Thelotrema

Ach. (200),

The relationship of this order to the Graphidales which follow needs
further study. They should perhaps be combined.
G. Order

Graphidales

Thallus crustose. Ascocarps round or lirelliform apothecia with punctiform, fissured, or broadly opening discs. Receptacle consisting of thick,
interwoven hyphae which do not form a radiating amphithecium. Periphysoids lacking. Paraphyses simple or branched to netlike, very flexible,
with more or less free thickened tips. Asci thick or less commonly thin
walled, I— or 1+ blue, a tholus present or not, I—. Spores often halonate.
Algae protococcoid or trentepohlioid. On various substrates and best developed in warmer regions.
1. GRAPHIDACEAE DUMORT.

Ascocarps lirelliform, sparingly bordered by the thallus or emarginate.
Receptacle frequently carbonized. Asci not amyloid. Spores ellipsoid to long
ellipsoid, transversely several septate to muriform with lens-shaped cells,
colorless to pigmented, 1+ violet. Algae protococcoid or trentepohlioid.
Chiefly on bark in warmer regions.
Genera: Acanthothecis Clem. (4), Aulaxina Fee (8), Graphina Mull. Arg.
(270), Graphis Adans. (300), Glyphis Ach. (30), Helminthocarpon Fee (15),
Medusulina Mull. Arg. (6), Phaeographina Mull. Arg. (90), Phaeographis
Mull. Arg. (200), Sarcographa Fee (70), Sarcographina, Mull. Arg. (8).
The division into genera in this family is in part artificial.
2. MELASPILEACEAE W . WATS.

Ascocarps lirelliform, not bordered by thallus. Receptacle often carbonized. Asci not amyloid. Spores two-celled, thin-walled, colorless to mostly
colored, often verrucose, the cells not lens-shaped. Pycnospores long. Algae
trentepohlioid. On various substrates.
Genus: Melaspilea Nyl. (60)
3. ASTEROTHYRIACEAE W . WATS. EX R.

SANT.

Ascocarps round, immersed to sessile. Receptacle proso- to paraplectenchymatous, well-developed or rudimentary, barely carbonized. Spores
transversely septate to muriform, colorless, with angular cells. Algae protococcoid. Mostly foliicolous on evergreen trees in the tropics.
Genera: Asterothyrium Mull. Arg. (8), Calenia Mull. Arg. em. R. Sant. (10),
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Fee (97), Gyalectidium Mull. Arg. (3), Psorotheciopsis Rehm. em.
R. Sant. (3), Tricharia Fee em. R. Sant. (8).
Vezda has recently assigned the following nonfoliicolous, largely calciphilous genera to this family: Absconditella Vezda (5), Gyalidea Lett. em.
Vezda (13), Petractis Fr. em. Vezda (5), Sagiolechia Mass. (2), Solorinella
Anzi (1).
Echinoplaca

4. GYALECTACEAE ZAHLBR.

Thallus crustose. Apothecia immersed to sessile, disc concave with a
thick paraplectenchymatous proper margin covered by a layer of thallus.
Paraphyses simple, more or less thickened knoblike at the tips. Asci uniformly thin-walled, I + blue, without a tholus. Spores transversely several-septate
to muriform with angular cells, colorless. Pycnospores short. Algae mostly
trentepohlioid. On various substrates, common in moist habitats and often
on limestone.
Genera: Coenogonium Ehrenb. ex Nees (15), DimerellaTrevis. (25), Gyalecta
Ach. (34), Gyalectina Vezda (8), Pachyphiale Lonnr. (6).
The order Graphidales is still in need of critical study. The Gyalectaceae
should perhaps be set apart more definitively.
H.

Order

Lecanorales

Thallus crustose, foliose, or fruticose. Apothecia usually solitary with
open round discs and a clearly developed rarely absent radiate amphithecium in most species. Paraphyses most often with thickened knoblike
tips. Asci normally 1+ blue and thick-walled. Spores polymorphous. On
various substrates in all zones. Most species are lichenized, some are parasitic on lichens, and a very few are saprophytic.
I . LICHININEAE

Thallus crustose-squamulose, dwarf fruticose to foliose, often peltate,
with blue-green algae as the symbiont. Hyphae with rather large cells, at
least in growing thalli. Apothecia immersed or sessile, frequently arising
from pycnidia, initially and also later remaining closed by a pore or finally
expanding. Receptacle usually present. Epihymenium brown, rarely green.
Asci comparatively thin-walled. Spores 8 or many, always one-celled, colorless, roundish or ellipsoid. Paraphyses of many different shapes. Pycnospores short to filamentous.
a. LICHINACEAE NYL. (Including Ephebaceae Th. Fr. and Pyrenopsidaceae Th. Fr.). Thallus more or less gelatinous, mostly blackish or dark
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green to red brown, granular, crustose-squamulose, foliose, or tiny fruticose.
Apothecia variable in shape. Hymenium gelatinous. Symbionts unicellular
or filamentous blue-green algae which are attacked by haustoria. Principally
on stones, some of the time in very wet habitats, many on limestone. Sorediate species lacking.
Genera: Anema Nyl. (7), Calotrichopsis Vain. (3), Ephebe Fr. (12), Gloeoheppia Gyel. (1), Gonohymenia J. Steiner (8), Lemmopsis Zahlbr. (10),
Lempholemma Koerb. (30), Lichina C. Ag. (7), Lichinella Nyl. (3), Lichinodium Nyl. (3), Phylliscidium Forss. (1), Phylliscum Nyl. ex Mass. (6),Peccania
Mass. ex Arnold (9), Poroscyphus Koerb. (7), Psorotichia Mass. (50), Pterygiopsis Vain. (2), Pyrenopsidium (Nyl.) Forss. (8), Pyrenopsis Nyl. (40),
Rechingera Serv. (1), Synalissa Fr. (5), Thermutis Fr. (1), Thyrea Mass. (20),
Zahlbrucknerella Herre (2).
The generic divisions in this family are most unsatisfactory and will
probably undergo considerable change in the future.
b. HEPPIACEAE ZAHLBR. Thallus nongelatinous, squamulose to peltatefoliose or peltate-fruticose, distinctly corticate at least on the lower surface,
occasionally continuously cellular. Apothecia immersed, initially closed and
then opening wide or open from the beginning, frequently filling up the
areoles on which they are borne. Paraphyses unbranched. Asci with an Inblue tholus. On soil and rocks in hot dry regions, normally in habitats receiving occasional wetting. Some sorediate species.
Genera: Heppia Naeg. (1), Peltula Nyl. (18).
2. PELTIGERINEAE

Nongelatinous or only weakly so, foliose and often attaining large size, or
small fruticose or granular-squamulose with usually large-celled paraplectenchyma in the cortex. Algae blue-green or green, but if green, then cephalodia with blue-green algae commonly present. Apothecia immersed to
sessile, more or less distinctly hemiangiocarpous. Paraphyses mostly unbranched and free. Asci either anellasceous with an 1+ blue ring, or less
commonly I— and nassasceous. Spores mostly transversely many-septate,
often brown when mature. Fulcra long- or short-celled. On various substrates but frequently preferring wet or at least moist habitats. Many sorediate species.
a. PLACYNTHIACEAE DAHL. Thallus crustose-squamulose to tiny fruticose, mostly with a blue-green algal symbiont. Apothecia at maturity sessile,
either biatorine to lecideine with a well-developed amphithecium or pseudoexciple or lecanorine with a mostly large-celled paraplectenchymatous

616

JOSEF POELT

cortical structure. Asci with an 1+ tholus. Spores eight, rarely simple,
usually two or more transversely septate. Chiefly on stones, soil, and mosses,
more rarely on bark.
Genera: Epiphloea Trevis, (1), Koerberia Mass. (2), Massalongia Koerb.
(2), Moelleropsis Gyel. (1), Placynthium (Ach.) Gray (25), Polychidium (Ach.)
Gray (5), Psoroma (Ach.) Michx. (35),? Steinera Zahlbr.(l), Vestergrenopsis
Gyel. (2).
This delimitation follows Henssen loc. div.
b. PELTIGERACEAE DUMORT. Thallus foliose, upper surface or in part
both surfaces corticate paraplectenchymatously with large cells, lower
surface often veined, rhizinate or indistinctly umbilicate. Apothecia distinctly immersed and hemiangiocarpous, marginal or laminal, emarginate.
Asci 1+ blue with a distinct 1+ blue ring-shaped apical apparatus. Spores
transversely two- or more- septate, colorless to mostly brown at maturity.
Fulcra long- celled. Algae either of the Nostoc type or protococcoid but in
addition with blue-green algae in the cephalodia. Predominantly occurring
on soil.
Genera: Hydrothyria Russ. (2), Peltigera Willd. (30), Solorina Ach. (?10).
c. NEPHROMIACEAE MOREAU. Thallus foliose, paraplectenchymatously
corticate on both surfaces. Apothecia immersed, distinctly hemiangiocarpous, produced on the lower surface of the thallus lobes which turn up,
leaving the hymenium finally lying on the functional upper surface. Asci
nassasceous, without a ring, I—. Spores four- or more- septate transversely,
brown. Fulcra short-celled. Algae belonging to Nostoc or Coccomyxa but in
either case with Nostoc present in the cephalodia. On many kinds of substrates in moist regions.
Genus: Nephroma Ach. ex Luyken (35).
d. LOBARIACEAE CHEV. (STICTACEAE ZAHLBR.).

Thallus foliose, large,

with a large-celled paraplectenchymatous cortex on both surfaces, lower
surface with cyphellae, pseudocyphellae, or more or less distinct lenticellularlike areas. Apothecia marginal or laminal, sessile, not distinctly hemiangiocarpous, biatorine to lecanorine with large-celled receptacle. Asci I +
blue without an apical ring. Spores transversely two- or more-septate,
brownish at maturity. Fulcra short-celled. Algae often belonging to Nostoc
but if protococcoid then often with blue-green algae in addition in cephalodia. On various substrates in humid areas, especially in tropical mountains
and in the Southern Hemisphere.
Genera: Lobaria (Schreb.) Hoffm. (80), Pseudocyphellaria Vain. (200),
Sticta (Schreb.) D C . (200).
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3. FAMILIES WITH BLUE-GREEN SYMBIONTS: CLASSIFICATION NOT
SETTLED

The following families in the Lecanorales s. ampl. have blue-green algal
symbionts, but their position in the system is still not settled.
a. COLLEMATACEAE FEE. Thallus gelatinous, usually blackish, foliose
to more or less fruticose, rarely nearly crustose, isidiate in many species.
Apothecia mostly densely sessile, formed of the ascogonium and its stipe
cells, usually with a closed cup-shaped exciple, lecideine, biatorine, or
lecanorine, hyphae in the receptacle anticlinal or periclinal. Paraphyses
simple or branched, strongly gelatinous. Asci clavate with an amyloid tholus,
the ascal gelatin 1+ blue. Spores normally eight rarely fewer, one-celled,
transversely two- or more-septate to muriform, colorless. Fulcra shortcelled. Pycnospores ± oblong. Algae belonging to Nostoc. On various substrates in rather moist habitats, worldwide. No sorediate species but many
with isidia or phyllidia.
Genera: Collema Wigg. (80), Homothecium Mass. (3), Leciophysma Th. Fr.
(2), Leightoniella A. Henssen (1), Leptogium (Ach.) Gray (50), Physma Mass.
(10),Ramalodium Nyl. ex Cromb. (3).
b. COCCOCARPIACEAE HENSSEN. Thallus dwarf fruticose to foliose,
attached with anchoring hyphae. Apothecial primordium with many upright
ascogones formed in association with isodiametric cells. Apothecia sessile,
dark, lecideine. Proper exciple barely seen. Receptacle cellular, the hymenium gelatinous. Paraphyses simple, thick, and rigid. Asci with a large 1 +
blue tholus. Spores unicellular, colorless. Fulcra short-celled. Pycnospores
short, bacilliform. Algae filamentous blue-green. Occurring in habitats that
are quite moist at least part of the time or in humid regions.
Genera: Coccocarpia Pers. (25), Spilonema Born. (4).
These two genera have very different structure.
c. PANNARIACEAE TUCK. Thallus squamulose to foliose, not gelatinous,
lower surface densely covered with tomentum, at least the upper surface
corticate with anticlinal hyphae. Apothecia immersed to mostly sessile, with
a normally large-celled paraplectenchymatous receptacle, biatorine to
lecanorine. Asci strongly amyloid with an amyloid tholus. Paraphyses rigid.
Spores mostly unicellular, ellipsoid fusiform. Fulcra short-celled, divided,
pycnospores long. Algae of the Nostoc or Scytonema type. In moist habitats
and humid regions on noncalcareous substrates. Many species sorediate.
Genera: Erioderma Fee (16), Pannaria Del. (80), Parmeliella Mull. Arg.
(50).
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d. ARCTOMIACEAE T H . FR. Thallus granular crustose to rosettiform,
dark red-brown to olive, rhizinate, corticate with one or more cell layers.
Apothecia broadly sessile, lecideine, arising from a generative structure,
with a large-celled receptacle. Paraphyses netlike, with strongly thickened
ends. Asci thick-walled, strongly amyloid. Spores colorless, transversely
several-septate. Fulcra short-celled. Pycnospores bacilliform. Algae Nostoc
filaments lying in gelatinous spheres. On mosses and plant debris in the
Arctic.
Genus: Arctomia Th. Fr. (2)
4. LECANORINEAE

Thallus crustose to squamulose, foliose with or without rhizines, to
fruticose and bearded. Apothecia sessile, rarely immersed, normally with a
distinct amphithecium, biatorine or lecideine, or with a thalline margin.
Paraphyses free, simple or branched or netlike interwoven. Asci with a
tholus which is at least in part distinctly 1+ blue. Spores mostly eight,
predominantly unicellular and colorless, also sometimes transversely twoor more-septate and muriform, occasionally pigmented. Fulcra formed in
various ways. Algae almost always protococcoid, usually Trebouxia in the
more highly developed forms, in a few cases trentepohlioid. On various
substrates, worldwide. Many species sorediate.
The group outlined here comprises the nucleus of the Lecanorales. It
includes, on the one hand, the crustose forms with lecideine and biatorine
receptacles (Lecideaceae), still poorly understood, and those with alecanorine receptacle (Lecanoraceae; see Eigler, 1969); and on the other hand
derivatives to foliose and fruticose forms which are all obviously from the
lecanorine state and are more closely allied to the Lecanoraceae than the
Cladoniineae are to the Lecideaceae. Since the Lecideaceae and Lecanoraceae cannot now be separated significantly, it would seem best to propose
the interim arrangement given below. The two families form conglomerates
of crustose forms with a great many species that are not further divisible at
this time, while the following families are much more narrowly defined and
are probably more natural.
a. LECIDEACEAE CHEV. Thallus crustose to effigurate or squamulose,
provided with hyphae or rarely weakly differentiated rhizines below. Apothecia sessile, biatorine, or lecideine, the margin sometimes differentiated
into medulla and cortex. Other characters variable, as given in the diagnosis
of the suborder. Algae protococcoid. On various substrates, cosmopolitan
in distribution.
Genera: ?Aglaothecium Groenh. (1), Bacidia de Not. (400), Byssolecania
Vain. (2), ?Byssoloma Trevis. (6), Catillaria Mass. em. Th. Fr. (300), Crocynia
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( Ach.) Mass. (?), Gomphillus Nyl. (1), Lasioloma R. Sant. (4), Lecidea Ach.
em. Th. Fr. (800), Lecidella Koerb. em. Hertel & Leuckert (16), Lopadium
Koerb. (70), Megalospora Mey. et Flot. (50), Mycoblastus Norm. (9), Phyllopsora Mull. Arg. (35), Psorella Mull. Arg. (14), Rhizocarpon Ram. ex DC.
(200), Schaerera Koerb. (1), Sporopodium Mont. em. R. Sant. (9) Tapellaria
Mull. Arg. em. R. Sant. (8), Toninia Mass. em. Th. Fr. (80).
b. LECANORACEAE FEE. Thallus crustose to effigurate, squamulose and
peltate-foliose, provided with hyphae, rhizinal strands, or umbilicus below,
lacking rhizines. Apothecia sessile, rarely somewhat sunken, brightly pigmented, with a lecanorine receptacle. Paraphyses mostly free, occasionally
anastomosing somewhat. Spores colorless, unicellular to transversely twoor-more-septate. Fulcra and pycnospores extremely variable.
Genera: Haematomma Mass. (30), Lecania Mass. (90), Lecanora Ach. ex
Luyken (400), Physcidia Tuck. (2), Solenopsora Mass. (13), Squamarina
Poelt (18).
c. ASPICILIACEAE AD INT. Thallus crustose to effigurate, even foliose
and fruticose, not strongly pigmented, without rhizines. Structure often distinctly paraplectenchymatous, especially in the cortex. Apothecia more or
less immersed, cryptolecanorine, light or blackish. Paraphyses often at least
in part divided moniliform, mostly flaccid. Asci thin-walled, flaccid, with
various I + blue structures in the ascal tip. Spores large, up to eight but often
fewer, with very flexible walls. Fulcra long-celled. Pycnospores short to long
filamentous. Algae protococcoid or trentepohlioid. Predominantly saxicolous in cool or warm xeric regions.
Genera: Aspicilia Mass. (100), Hymenelia Krempelh. (3), Ionaspis Th.
Fr. em. G. Eigler (25), Lecanorella Frey (1).
It may be that this family is not at all closely related to the Lecanoraceae
even though Aspicilia, the basis for the family name, has long been treated as
a section of Lecanora.
d. HYPOGYMNIACEAE AD INT. Thallus distinctly radiate foliose to subfruticose, corticate on both surfaces, with haptera below, gray but rarely
yellow green, usually with a very lax medulla, the cortex consisting of anticlinal hyphae. Rhizines lacking. Apothecia wide, substipitate. Asci small,
amyloid with a strongly amyloid ring in the tholus. Spores small and unicellular, up to eight, or fewer and larger. Fulcra moderately long-celled, with
bayonet sterigmata. Pycnospores bacilliform. Algae belonging to Trebouxia.
On various acidic substances in boreal and subantarctic regions or cool
mountains and islands.
Genera: Cavernularia Degel. (2), Hypogymnia Nyl. (40), Menegazzia Mass.
(30), Pseudevernia Zopf (4).
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The family forms a definite phylogenetic entity. The genera had previously
been placed in the heterogeneous family Parmeliaceae. It seems best to
segregate them, for intermediates are lacking or at least very doubtful.
e. PARMELIACEAE ESCHW. Thallus foliose, corticate on both surfaces,
provided with rhizines below, rarely umbilicate, very rarely without rhizines
(reduced?), in some forms fruticose-suberect but mostly dorsiventral in cross
section, often brightly pigmented. Apothecia narrowly sessile, more rarely
sunken, laminal, or rarely marginal. Asci with a strong amyloid tholus.
Spores frequently small but unusually large in a few groups. Fulcra moderately long-celled, pycnospores mostly short bacilliform, rarely long filamentous. Algae belonging to Trebouxia. Widely distributed on various substrates,
the various natural groups having quite different centers of geographic
origin.
Genera: Asahinea Culb. et Culb. (3), Cetraria Ach., incl. Nephromopsis
Mull. Arg (45), Cetrelia Culb. et Culb. {\4),DactylinaNyl. (19), Omphalodium
Mey. et Flot. (3), Pannoparmelia (Mull. Arg.) Darbish. (5), Parmelia Ach.
(600), Parmeliopsis (Stizb.) Nyl. (7), Platismatia Culb. et Culb. (10).
The family is still not homogeneous even with this delimitation.
f. USNEACEAE ESCHW. Thallus fruticose to beardlike, radial in cross
section but sometimes dorsiventral, erect or pendulous, often with a basal
attachment or dying away from below in those species growing erect on soil,
usually strongly pigmented. Medulla often lax but traversed by one or more
cords. Apothecia lateral or terminal constricted sessile, lecanorine. Spores
unicellular and colorless, rarely dark and muriform. Fulcra of various
structure. Algae belonging to Trebouxia. On various substrates, chiefly in
humid regions.
Genera: Alectoria Ach. ex Luyken (40), Bryopogon Link em. Bystrek
(60), Cornicularia (Schreb.) Ach. (16),Evernia Ach. ex Luyken (6),Everniopsis

Nyl. (1), Himantormia M. Lamb (1), Letharia (Th. Fr.) Zahlbr. (2), Neuropogon Nees et Flot. (10), Oropogon Th. Fr. (4), Sulcaria (Mot.) Bystrek (2),
Usnea P. Browne ex Adans. (600).
The family is not homogeneous but the relationships of the individual
genera are much too poorly known to permit a better division. Perhaps
Alectoria should comprise a separate family with Bryopogon, Oropogon, and
Sulcaria, perhaps with inclusion of certain parts of Parmelia. The other
genera are close to the Parmeliaceae group.
g. RAMALINACEAE A G . Thallus erect to pendulous fruticose, rarely
foliose, more or less compressed, rarely round in cross section, but hardly
zygomorphically structured, gray-green to yellow, the cortex mostly cartilaginous with thick-walled anticlinal or periclinal hyphae, often also with
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mechanical tissues under the cortex. Apothecia for the most part lateral.
Spores two-celled, ellipsoid-fusiform, often somewhat curved, colorless.
Fulcra long-celled, pycnospores bacilliform. Algae belonging to Trebouxia.
On bark and noncalcareous rock, largely distributed in warmer regions.
Genera: Desmaziera Mont, ex Gay (13), Ramalina Ach. ex Luyken (200),
Ramalinopsis (Zahlbr.) Follm. et Huneck (1), ?Speerschneidera (Stizenb.)
Tuck. (1).
This group of genera (except for Speerschneidera?) forms a natural entity.
Relationships to other families (?Himantormia) are not clear.
h. ANZIACEAE SATO. Thallus foliose with deeply divided, often somewhat articulated lobes, upper surface gray, the cortex composed of anticlinal
hyphae, the medulla below turning into a thick layer of tomentum consisting
of anastomosing pale to mostly dark hyphae, and individual stout rhizines
coming from the medulla. Apothecia laminal. Asci with a large amyloid
tholus. Spores numerous, unicellular, colorless, curved in a crescent shape.
Pycnospores short. Algae belonging to Trebouxia. On bark in oceanic areas,
lacking in Europe.
Genus: Anzia (28).

is so aberrant from the Parmeliaceae, as well as other groups in the
suborder, that it must be segregated as a distinct family. Pannoparmelia
(see Parmeliaceae), while superficially similar, has nothing to do with Anzia.
Anzia

5. CLADONIINEAE

Thallus differentiated into a crustose to squamulose-foliose horizontal
thallus, which may be lacking or disappear with age, and a vertical simple or
branched, solid or hollow structure (podetium or pseudopodetium) which in
turn can be covered with squamules. Thallus with hyphae on the lower
surface, or lacking attachment organs. Apothecia biatorine, light-colored,
or rarely lecideine and dark. Paraphyses simple or branched. Spores unicellular to transversely two-or more-septate, rarely muriform, colorless. Fulcra
long-celled. Pycnospores bacilliform to filamentous. Algae apparently
always belonging to Trebouxia. On soil and stones, predominantly on noncalcareous substrates.
The families brought together in this suborder have some sort of podetia.
Their ancestors have been placed in the "family" Lecideaceae. We still do
not know the extent to which the suborder as comprehended here is polyphyletic.
a. STEREOCAULACEAE CHEV. Pseudopodetia of thalline origin present,
generative tissues arising at the tips, horizontal thallus squamulose or
scarcely developed. Pseudopodetia solid, either holostelide, arising by
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elongation of a complete thallus squamule and sharing the same algal layer,
or enteropodial, arising from the medullary layer, the algal layer being
carried upward and developing into the more or less foliose assimilatory
organs, the phyllocladia. Cephalodia usually present, external or rarely
internal. Apothecia biatorine or lecideine. Asci I + blue with an I + strongly
blue tholus. Spores several-septate to muriform. Saxicolous and terricolous,
exclusively on acidic substrates, chiefly in cool humid regions, boreal or
in warmer areas montane, a primitive group centered in the Southern
Hemisphere.
Genera: Argopsis Th.Fr. (1), Compsocladium M. Lamb (1), Pilophorus
Th.Fr. (10), Stereocaulon (Schreb.) Hoffm. (120).
b. CLADONIACEAE REICHENB. Podetia consisting of generative tissue
("true" podetia), but intergrading to pseudopodetia or with the primary
thallus itself forming the stipe, hollow or solid with or without a central
cylinder, mostly covered with a corticate algal layer. Cephalodia lacking.
Asci with an amyloid tholus. Spores unicellular, rarely multicellular. Mainly
terricolous on acid substrates, most of the genera occurring in warmer areas
but the large genus Cladonia cosmopolitan.
Genera: ICladia Nyl. (5), Cladonia (Hill.) (300) ICladoniopsis Zahlbr.
(1), Glossodium Nyl. (2), Gymnoderma Nyl. (2), Heteromyces Mull. Arg.(l),
Neophyllis F. Wils. (1), Pycnothelia (Ach.) Duf. (1), Sphaerophoropsis Vain.
(2), Thysanothecium Mont, et Berk. (4).
The foliose genus Heterodea Nyl. (1) may be related to Cladia.
The family is probably not homogeneous.
c. BAEOMYCETACEAE FEE. Apothecia solitary on short unbranched
stipes which make up true podetia and can be surrounded by algae-containing tissues. Apothecia biatorine to lecanorine. Ascus wall with a weak apical
thickening, not amyloid. Spores multicellular. Cephalodia lacking. Mainly
terricolous on very acidic substrates, centered in tropical-subtropical
mountains.
Genera: Baeomyces (44), Icmadophila Trevis (?2)
Chadefaud (1960, p. 545) has recently assigned Baeomyces to the Helotiales near Leotia ("Leotiales") on the basis of similarities in the form of the
fruiting bodies and in ascal structure. We cannot support this disposition
from the knowledge of the groups presently available.
d. SIPHULACEAE REICHENB. Thallus consisting of prostrate to erect,
cylindrical or flattened, solid, elongate or mostly branched lobes or vermiform and hollow, gray-white, the cortex paraplectenchymatous. Algae
protococcoid. Apothecia unknown. Widely occurring on soil and rocks in
cool moist regions.
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Genera: Endocena Cromb (1), Siphula Fr. (25), Thamnolia Ach.exSchaer.
(2).
These three genera had customarily been assigned as incertae sedis in the
Usneaceae, where they do not belong. Their chemistry is closer to that of the
Cladoniaceae, near which they are provisionally placed.
6. UMBILICARIINEAE

Thallus foliose, umbilicate, corticate on both sides, whitish-gray to
blackish, never greenish or yellow, lower surface bare or provided with
medulla-containing rhizines (not functioning as attachment organs), very
rarely attached in crustose way. Apothecia sessile, sometimes sunken in
depressions or substipitate, anatomically strongly differentiated, lecideine to
superlecideoid, frequently umbilicate to furrowed and deeply divided, with
a colorless to dark hypothecium. Paraphyses simple, lax, slightly thickened.
Asci with relatively little thickened tips that are I + strongly blue with I +
violet ascal gelatine. Spores unicellular, transversely two- or more-septate
to muriform, colorless to brown. Fulcra short-celled. Algae protococcoid.
Almost exclusively occurring on noncalcareous rocks.
UMBILICARIACEAE FEE. Characters as given for the suborder. Mainly
large lichens on noncalcareous rocks but rarely also on hard wood or bark.
Genera: Lasallia M6r. (8), Umbilicaria Hoffm. (45).
This seems to be an ancient family set apart from others by sharp discontinuities. It does not fit in closely with the Lecideaceae, and it seems more
convenient to give it a separate place in the classification.
7. ACAROSPORINEAE

Thallus crustose, squamulose, foliose-peltate, or distinctly dwarf fruticose.
Apothecia sunken or more rarely sessile, open or rarely closed in the manner
of perithecia. Paraphyses simple, free, rarely netlike iiiterwoven. Asci mostly
thick-walled, 1+ weak or barely turning blue, the tholus also only 1+ pale
blue. Ascal gelatin usually strong 1+ blue. Spores always very numerous,
unicellular, colorless. Fulcra long-celled. Pycnospores short bacilliform.
Algae protococcoid. On various substrates but predominantly saxicolous,
weakly nitrophilous or not so. There is only one rather heterogeneous
family.
ACAROSPORACEAE ZAHLBR. Thallus as given in the suborder diagnosis,
little to distinct differentiation into medulla and cortex, the cortex usually
with a distinctly developed paraplectenchyma. Apothecia solitary or several
sunken in areoles, or sessile, with well-developed, more or less open or
rarely punctiform disc. Spores ellipsoid to rarely globose, unicellular (but
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often appearing two-celled). Pycnidia frequently multichambered. The
various genera have quite different centers of origin.
Genera: Acarospora Mass. (300), Ahlesia Fuckel. (3), Biatorella de Not.
(50), Glypholecia Nyl. (1), Maronea Mass. (13), Maronella M. Steiner (1),
Sarcogyne Flot. (30), Sporastatia Mass. (4), Thelocarpon Nyl. (12).
The family is distinguished by production of numerous spores per ascus,
this being correlated with other characters. There are no isidiate or sorediate
species. There is some question on the derivation of Thelocarpon which
should be related to Acarospora (Xanthothallia) by way of Ahlesia and some of
the yellow species assigned to Biatorella.
8. PERTUSARIINEAE

Thallus crustose to dwarf fruticose, white, gray, or yellowish-green, frequently with a pale prothallus. Apothecia sessile or sunken, the disc open or
closed as in perithecia with a pore opening, solitary or produced several at a
time in more or less distinct stromata. Hymenium high. Paraphyses strongly
netlike branched. Amphithecium poorly developed. Asci thick-walled with
several layers, 1+ blue, with corona and amyloid tholus. Exoascus at
maturity bursting in layers. Spores large to very large, polyenergide, walls
often structured. Fulcra elongated. Pycnidia often multi-chambered,
pycnospores filamentous. Algae protococcoid. On various substrates but
rare on limestone.
Characters as in the suborder description.
Genera: Coccotrema Mull. Arg. (6), Melanaria Erichs. (15), Ochrolechia
Mass. (40), Pertusaria DC. in Lam. et DC. (250), Varicellaria Nyl. (3).
The family, which includes many isidiate and sorediate populations, is
recognized under a separate suborder because it has so many characters that
set it apart from other families. A special characteristic is the co-occurrence
of species with fruiting bodies remaining open and closed within certain
species groups.
PERTUSARIACEAE KOERB.

9. BUELLIINEAE

Thallus crustose, squamulose, foliose, or fruticose, variously colored.
Apothecia sessile, rarely sunken, biatorine to lecideine or lecanorine with
a more or less distinct amphithecium. Paraphyses simple or branched, as a
rule with thickened tips, often anastomosing. Asci more or less clavate,
moderately thick-walled, 1+ blue, with a distinct 1+ blue tholus. Spores
normally to eight, mostly two-celled, less commonly multicellular and muriform, unicellular only in a few at least partially derived groups, often thickwalled with complex wall structure. Fulcra short-celled. Pycnospores short
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and straight, rarely filamentous. Algae protococcoid. Weakly to often
strongly nitrophilous lichens on various substrates, cosmopolitan.
a. CANDELARIACEAE HAKULINEN. Thallus
indistinct
or
crustosesquamulose, foliose, or appearing fruticose, pigmented yellow as in the
apothecia with pulvinic acid derivatives except for a few species. Apothecia
sessile, biatorine to lecanorine. Thallus and apothecial structure very dis
tinctly paraplectenchymatous. Asci with a large tholus. Spores up to eight
or numerous, one- to two-celled, often somewhat asymmetric. Predomin
antly strongly nitrophilous lichens, worldwide and occurring in many kinds
of habitats.
Genera: Candelaria Mass. (7), Candelariella Mull. Arg. (40), Candelina
Poelt (3), Placomaronea Ras. (2).
The family is hardly a typical division of this suborder but is best placed
here because of ascal structure, type of paraphysis, and ecological relation
ships.
b.

TELOSCHISTACEAE ZAHLBR.

(INCLUDING CALOPLACACEAE ZAHLBR.).

Thallus crustose to foliose or fruticose and beardlike, usually containing a
yellow to red anthraquinone pigment. Thallus and apothecial structure
usually rather indistinctly paraplectenchymatous. Apothecia sessile, rarely
sunken, biatorine to lecanorine, barely distinctly lecideine, frequently
pigmented by an anthraquinone, rarely brown or black, and without a Κ
reaction. Spores up to eight but sometimes more, colorless, typically
polardiblastic, rarely unicellular, two-celled, or with several cells, con
nected by a canal. Moderately to strongly nitrophilous lichens, developed
chiefly in dry warm regions.
Genera: Brigantiaea Trevis. (?), Caloplaca Th.Fr. (450), Fulgensia Mass.
et de Not. (10), Protoblastenia J. Steiner, (11), Teloschistes Norm. (30),
Xanthopeltis R. Sant. (1), Xanthoria (Fr.) Th.Fr. (15).
c. PHYSCIACEAE ZAHLBR. (INCLUDING BUELLIACEAE ZAHLBR.).

Thallus

crustose, foliose, or fruticose, gray or rarely brown, yellow, or yellowish
green, anthraquinones lacking in the cortex. Apothecia sessile, more rarely
sunken. Spores eight or rarely more, two- or rarely more-celled or uni
cellular, at maturity gray-green and soon brown to blackish brown with
frequently regularly or irregularly thickened walls and septa. Predominantly
more or less nitrophilous lichens on various substrates.
Genera: Anaptychia Koerb. (9), Buellia de Not. (600), Buelliastrum
Zahlbr. (2), Dimelaena Norm. (3), Diploicia Mass. (?1), Dirinaria Tuck.
(10), Heterodermia Trevis. (60), Orphniospora Koerb. (1), Physcia (Schreb.)
Michx. (150), Physciopsis Choisy (5), Physconia Poelt (15), Pyxine Fr. (35),
Rinodina (Ach.) Gray (200), Tornabenia Trevis. (2).
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d. DERMATISCACEAE AD INT. Thallus foliose, umbilicate, corticate on
both surfaces. Apothecia sunken, cryptolecanorine. Spores two-celled,
brown. Fulcra long-celled (?). On noncalcareous rocks.
Genus: Dermatiscum Nyl. ( ? 1 ) .
This genus has long been classified in the Umbilicariaceae. Its natural
affinities lie with the Physciaceae because of spore type and ascal structure.
It is probably better treated as a separate family because of the strong discontinuities; it is obviously not derived from Rinodina as are the other foliose
and fruticose Physciaceae.
10.

FAMILIES WITH N O CLEAR RELATIONSHIPS

Families falling within the order Lecanorales but lacking any clear
relationships that can be determined at this time. Arranged alphabetically.
a. ARTHRORAPHIDACEAE AD INT. Thallus crustose, in the host or later
independent. Apothecia sessile or occurring between thallus areoles (on
prothallus?), black, very fine celled, more or less strongly permeated as the
hymenium with greenish-brown excretions. Receptacle externally dark.
Paraphyses thin filamentous. Asci uniformly thin-walled without indication
of a tholus, I —. Spores transversely several-septate, colorless, filled with oily
drops. Algae protococcoid. Normally parasitic on Baeomyces on noncalcareous substrates.
Genus: Arthroraphis Th.Fr. (4).
This genus bears no relation to Bacidia and the Lecideaceae. It is obviously
isolated and cannot be put in any of the existing families.
b. HARPIDIACEAE VEZDA AD INT. Thallus crustose, homoiomerous with
rather large cells, brown. Apothecia sunken, bordered by thallus, the proper
exciple barely developed, pale. Paraphyses strongly moniliform. Asci with
an I + blue tholus. Spores eight, crescent-shaped, colorless, thin-walled.
Pycnospores short. Algae protococcoid. On noncalcareous rocks.
Genus: Harpidium Koerb. ( 1 ) .
This is an extremely isolated genus, unrelated to the Lecanoraceae. It
should be recognized as a separate monotypic family.
c. LITHOGRAPHACEAE AD INT. Thallus crustose. Apothecia lirelliform
with a usually carbonized receptacle. Paraphyses netlike interwoven. Asci
clavate, amyloid, with a distinct 1 + blue tholus. Spores one- or two-celled,
colorless or with a dark wall layer. Algae protococcoid. On rocks and
bark.
Genera: Encephalographa Mass. ( ? 9 ) , Lithographa Nyl. ( 1 4 ) .
Genera with lirelliform apothecia occur in the Arthoniales, the Ostropales, and, judging from the ascus structure, also in the Lecanorales where
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they are best tentively treated as a single, possible heterogeneous family.
Some of the smaller genera in the Graphidaceae sensu Zahlbruckner cannot
be disposed of at this time.
d. MICAREACEAE VEZDA AD INT. Thallus crustose, at least in one part
goniocyste-like in form. Apothecia sessile, emarginate, more or less arched,
very variable in color. Receptacle little developed, formed of paraphysislike
hyphae. Paraphyses strongly netlike interwoven. Asci thick-walled with a
simple I + blue tholus and an I + blue external layer and ascal gelatin. Spores
unicellular to transversely several septate, colorless, I —. Algae "micareoid."
On acidic substrates but otherwise not strongly substrate-specific.
Genera: Micarea Fr. em. Koerb. (30), Rocellinastrum Follm. (1), Scoliciosporum Mass. (?).

The Lecideaceae in all likelihood contain other groups that could be
classified here.
e. PACHYASCACEAE AD INT. Thallus crustose, Goniocystis-like. Apothecia
sessile, emarginate, convex, not black. Receptacle little developed, composed of paraphysislike hyphae. Paraphyses strongly netlike interwoven,
forming a separate netmantle around each ascus. Asci very thick-walled,
amyloid, with a distinctly 1+ blue tholus. Spores two- or more-celled,
colorless, 1+ blue or I — . Fulcra long-celled. On mosses.
Genus: Pachyascus Poelt et Hertel (2).
At best this genus is related to the Micareaceae.
f. PHLYCTIDACEAE AD INT. Thallus crustose, pale. Apothecia round,
sunken, without parathecium or amphithecium. Paraphyses simple or
branched and anastomosing. Asci amyloid, tholus scarcely developed, I - .
Spores mostly few, colorless, muriform many-celled. Pycnospores long.
Algae protococcoid. On bark, mainly in warmer regions.
Genera: Phlyctidia (Vain.) Mull. Arg. (2), Phlyctis (Wallr.) Flot. (10).
Phlyctella Krempelh. (15) does not seem to belong here.
Phlyctis is remote from the Pertusariaceae, but cannot be assigned to any
other families.
g. STENHAMMARELLACEAE AD INT. Thallus crustose. Ascocarps round,
with a receptacle which begins development as an involucrellum, next becoming positioned at the hymenium, which is almost without a receptacle,
and merges with the darkening subhymenium. Paraphyses simple to anastomosing. Spores unicellular with a halo. Algae protococcoid. On calcareous
schists in cool moist habitats.
Genus: Stenhammarella H. Hertel (1).
This genus occupies a very isolated position according to our present
knowledge. It may be related to the order Graphidales.
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h. TRAPELIACEAE H. HERTEL. Thallus crustose to squamulose and distinctly effigurate, grayish. Apothecia sessile, rarely sunken, pale, never
carbonized, with a biatorine or lecanorine receptacle. Paraphyses simple or
branched, at times amastomosing, filamentous. Asci more or less cylindrical,
normally not amyloid. Spores eight, unicellular, colorless, fairly large. Algae
protococcoid. On rocks and soil.
Genera: Orceolina H. Hertel (1), Placopsis Nyl., (34), Trapelia Choisy (12).
Other groups long assigned to the Lecideaceae might belong to this
recently narrowly delimited family.
i. AGYRIACEAE CORDA. Thallus crustose, little differentiated. Apothecia
sessile, roundish to elongate, not marginate or with a not well defined differentiated margin composed of paraphysislike hyphae, not carbonized. Paraphyses mostly free. Asci with apical wall thickening, 1+ bluish, then
immediately green, without an 1+ blue tholus. Spores unicellular, colorless.
Pycnospores ellipsoid. Algae protococcoid. On wood and bark.
Genus: Xylographa Fr. (6).
The genus Xylographa is very much isolated, disregarding the allegedly
nonlichenized Agyrium Fr., which is possibly generically identical. There is
no basis for combining it with other genera in the Graphidineae. It might
have a place with forms related to the Lecideaceae in a broad sense.
Finally, many genera of ascolichens cannot be integrated in the system of
classification outlined above because their descriptions are inadequate
and no material is available for study. This is especially true for the Moriolaceae and Epigloeaceae which I have not been able to characterize.
VI. Proposed Classification: Basidiolichens

For many years the only lichenized basidiomycetes were thought to be
represented by the small, much discussed groups known in the tropics. In
the past few years it has been shown that some lichenized species occur in
temperate regions and have different relationships. Since this group does not
contain a very large number of species and a discussion of the complex
systematics of the pertinent fungi is out of order here, only the briefest
outline will be given. See Oberwinkler (1970) for fuller discussions.
A.
1.

Aphyllophorales
DlCTYONEMATACEAE

TOMASELLI (CORTICIACEAE

H E R T E R IN

PART)

Fruiting body crustose to bracket-shaped, with a cutaneous, smooth
hymenium or one broken into plates. Hyphae unpigmented, smooth, thinor thick-walled. Basidia clavate to cylindrical. Spores ovoid to cylindrical,
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colorless, smooth-walled. Symbionts single-celled or filamentous Cyanophyceae deposited in the trama of the fruiting bodies. On various substrates,
distributed chiefly in tropical mountainous areas.
Genera: Athelia Pers. (only some weakly lichenized, some parasitic on
algae, most saprophytic), Dictyonema C. Ag. ex Kunth (including Cora Fr.,
Corella Vain., and ?Wainiocora Tomaselli).
The lichenized forms have no relationship at all to the Thelephoraceae
in a modern sense.
2. CLAVARIACEAE CHEV.

Fruiting bodies clavarioid, simple or divided, pale or pigmented. Basidia
clavate-cylindrical. Spores four or more, ovoid to cylindrical, colorless,
smooth. Symbionts green algae of the Coccomyxa or Chlamydomonas type,
or blue-green algae surrounded in groups by mycelial hyphae and with them
forming the thallus. On soil and wood, tropical and extratropical.
Genus: Multiclavula Petersen (in part) [1967; not recognized by Corner
(1970), who divides the lichenized species into Clavulinopsis Corner and
Lentaria

Corner].

B. Agaricaceous

Fungi

TRICHOLOMATACEAE ROZE

The complex diagnosis of this family can be found in Singer (1962, p. 201).
On raw humus and peat in cooler regions (as far as lichenized).
Genus: Omphalina Quel. Several species (6) of this genus are associated
with algae of the Coccomyxa type. The mycelial hyphae surround groups of
algae with spherical coverings {"Botrydina") or form foliose long-lived
thallus squamules in which the algae are restricted to a layer {"Coriscium").
The generic arrangement of the lichenized species is not yet clarified by
Singer (1962, p. 263).
VII. Lichenes Imperfecta

(Fungi imperfecti lichenisati, Deuteromycetes lichenisati, Deuterolichenes, Hemilichenes): There are a number of lichen species which have
never been found with ascocarps. They may be found eventually in some. In
a few cases these sterile lichens can be assigned to specific genera {Umbilicaria, Parmelia, Caloplaca) on the basis of certain vegetative characters
(thallus structure, chemistry). In other cases a tentative assignment can
be made {Pertusaria). Most, however, lack any suitable criteria. They are
simply put into artificial genera according to thallus structure (e.g., Lepraria
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structure) or type of vegetative diaspore (e.g., Phyllophiale). While im
proved analysis of characters may result in reassignment of some species
to definite genera, the greater part of the forms under Lepraria will never be
referred to sexual groups. The Lichenes Imperfecti do not form a natural
group, although it includes some smaller natural relationships.
The fruticose genera Siphula, Endocena, and Thamnolia have often been
cited in the Lichenes Imperfecti but they are better placed in a separate
family after the Cladoniaceae because of their chemistry.
Genera: Cystocoleus Thwait. (1 or 2), Lepraria Ach. (20), Leprocaulon
Nyl. ex Lamy (7),LichenothrixHenssen (1),NormandinaNyl. (1),Phyllophiale

R. Sant. (1), and others.
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