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LECANACTIS






LECANACTIS ESCHW.

Phylogeny. The two Danish species belonging to this genus agree very much
in the structure of the spore and in the other parts of the apothecium, and,
besides, resemble each other very much in the structure of the thallus. If we compare
them with other genera among the lecideine and cyclocarpic lichens, it must be
admitted that they take up a somewhat isolated position among them. The spore bears
a close resemblance to that of the genus Bilimbia or of some species of Bacidia; on the
other hand, however, the apothecium differs in many respects so much from the
apothecia of Bilimbia and Bacidia — especially in the occurrence of a deep brownish
pigmentation in slipes and calyx — that the relationship does not seem very close.
For this reason the genus was formerly generally included in the Graphidinece,
and, perhaps in future, when the structure of the lalter, species by species, is belter
known than at the present moment, the same arrangement may again be acknowledged.

At any rate, wilth my present knowledge of the structure of the genera Bilim-
bia and Bacidia, T do not consider them to be closely related to the genus Lecanactis.
I do not look upon Lecanaclis as the prototype of these two genera, nor does it
seem likely that Lecanactis should have originated from either of them. In all
probabilily, Lecanactis must be supposed to be immedialely derived from a lichenized
fungus withoul any inlermediate link with other known species of lichens.

The spore is in both species narrowed at either end, colourless and pluri-
locular. How the germination takes place is not known.

Anatomy of the thallus. The thallus is in both species almost homoeomerous,
no separale cortical, medullary, and rhizoidal tissues being differentiated. The
gonidia are distinctly chroolepoid.

The structure of the apothecia and pycnidia is described under the two
species respectively.

Soredia do not occur in our species. Although the thallus is very loose in struc-
ture, there are no indications that loosened particles of it may act as soredia.

)
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Biology. The thallus is formed by the germination of the spore and probably
of the conidium too. It grows centrifugally over the substratum incorporating in
itself the Chroolepus-algee growing over it. Whether one single alga suffices for the
formation of a thallus or several of them are gradually incorporated is not known;
it seems, however, quite probable that either of these alternatives may be realised.
The utilization of the gonidia does not take place by means of haustoria, and the
gonidia are nol killed by the symbiosis. Other species of gonidia than Chroolepus
have not been met with in the thallus. In the present case, as in several of the
genera described in Parts I and II, the utilization of the substratum is character-
ized by the fact that periderm-cells direclly in contact with the hypha of the lichen,
at least in Lecanactis amylacea, are discoloured. This fact suggesls the existence
of a chemical influence on the part of the hyphe, but it is not known how this
influence is brought into effect.

Ecology. Both our species live exclusively on organic substrata, .. abietina on
dead oak-wood, L. amylacea on oak-periderm. Their anatomical struclure is ex-
tremely primilive and shows no special structural details which could be interpre-
ted as direcl adaptations to the substratum.

Undoubtedly, both species are potentially immortal and scarcely ever die of
their own accord. But considering that their hyphe do not penetrale very deeply
into the substralum, it must be supposed that the parts of the thallus which have
exhausted the layers of periderm accessible for their nutrition must die, whereas the
margin of the thallus gains new ground.



LECANACTIS ABIETINA.
AcH.
(PLATE 1—2—3—14).

On an oak-log. Glorup Dyrehave. E. RosTrup.

The thallus is deprived of its natural margin in the specimen examined. It
is thin, somewhat rimose and uneven, chiefly on account of the roughness of the
substratum. The colour is yellowish-white.

The inner structure is almost homoeomerous. The cortical, gonidial, medullary,
and rhizoidal layers are not distinctly differentiated. All the hyphe are loosely
interwoven, with rather distinct intercellular spaces. The cortex is thin and poorly
developed, composed of cells which in part, at least, are living. The gonidia are
chroolepoid. The hyphee of the rhizoidal layer show no signs of chemically
attacking the cell-walls of the periderm.

The apothecia are scattered over the thallus without any order. They are iso-
diametrical or slightly oblong, in outline irregularly angular or flexuose, with a
rather plane or faintly undulate surface. The margin is at first thick, in the end
partly evanescent.

The stipes is composed of irregularly interwoven, dark-brownish hypha, ahove
conlinuing into a dark-brown calyx and hypothecium. The hypha of the calyx
are not distinctly radiating; in the peripheral parts of the calyx the hyphee are
faintly brownish, for which reason the margin of the apothecium is light. The
paraphyses run through a copious hymenial gelatine; above they branch out and
become entangled with each other forming a thick epithecium. The asci con-
tain 8 colourless spores with 3—5 loculi.

The stipes, the inner parts of calyx and hypothecium are dark-brown, the
pigment being principally deposited in the peripheral parts of the walls of the
hyphe. The peripheral parts of the calyx are faintly brown; the same colour also occurs
in the epithecium, whereas the other parts of the paraphyses and the asci are
colourless.

Pycnidia are very numerous, conspicuous and big. The wall of the perithecium
is composed of brown-walled hyphe which are continued into colourless, radiat-

ing and few-celled hyphe lining the whole of the inner side of the perithecium and
RS
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cutting off numerous conidia of a very considerable size. It must be supposed that
each conidia bearing hypha gradually cuts off several conidia; in this way only
is it possible to account for the pycnidium being filled with conidia right to the top.

LECANACTIS AMYLACEA.
EHRH.
(PLATE 5—6—7).

On the bark of old oak-trees, Charlottenlund. E. RosTrup

The thallus is deprived of its natural margin in the specimen examined; it
is white, farinaceous and only provided with few, narrow cracks. It is loose in
texture, and the cortex, the gonidial and medullary layers are not differentiated.
The gonidia are chroolepoid and considerably outgrow the hyphal tissue. The
hyphz are loosely interwoven, with numerous intercellular spaces filled with air,
which imparts a whitish colour to the thallus. Haustoria do not occur. The rhizoi-
dal hyphe only penetrate quite superficially into the substratum and do not show
any distinct signs of attacking its cell-walls; the latter, however, are colourless in
places where they are in direct contact with the tissues of the lichen, whereas they
are brown or yellowish where they are out of reach of the hyphee.

The apothecia are scattered over the thallus without any discernible order.
They are almost isodiametrical or somewhat oblong. At first they are rather regularly
orbicular, with a distinct margin; later on they frequently become more irregular
in outline, and the margin may disappear. The disc gradually becomes somewhat
convex. The whole visible part of the apothecium, margin as well as disc, is often
quite whitish-farinose, but the margin frequently turns blackish-brown, and the disc
somewhat brownish. These changes of colour are due to the fact that the outer-
most colourless cell-layers of the apothecium may disappear, when consequently the
inner dark colours become visible.

The stipes is well developed but is totally immersed in the thallus, reaching
right down to the surface of the substratum. It is composed of dark-brown hypha
winding upwards through the stipes without any distinct parallel arrangement.
Above it merges into a likewise brown calyx which continues round the sides of
the hymenium. The hypothecium, which represents a direct continuation of the
calyx, is coloured far more faintly than the calyx and appears almost colourless
in all thin microtome sections. The paraphyses are entangled among each other
at the top, forming a thick epithecium. Asci are clavate, with 8 long colourless
spores, which in all cases more closely examined were 4-celled and pointed at both
ends, about 16—24 w« long.

The stipes and the inner parts of the calyx are dark-brown; the peripheral parts
of the calyx in the margin of the apothecium may be colourless (in which case
the margin is whitish farinose). The paraphyses are colourless at the base, slightly
brown or colourless at the tips (in the epithecium); in such cases the

Pycnidia were not observed.
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ARTHRORHAPHIS TH. FRr.

Phylogeny. This genus has been referred by several authors to the genus
Bacidia as a subgenus. It differs, however, in essential respects from this genus,
with which it actually agrees only in the structure of the spore. Thus it differs
from Bacidia in the structure of the stipes, the calyx (which are both dark), and
the paraphyses; moreover, the ascus is narrow, and its wall is not thickened above.
In examining this genus I have been struck with something foreign in its struc-
ture and can hardly consider it as having originated from any species of recent
Bacidias, nor can I, on the other hand, believe it to be the prototype of any of
them. It conveys a strong impression of having originaled directly by the lichenizing
of a species of fungus, presumably a Mycobacidia. 1 therefore treat it under its
old name, given by TH. FRIES.

A full description of its structure is given below. Only some few delails, which
will not be mentioned later, are given here. The germination of the spore has not
been observed, but the plant most probably develops from a spore, as pycnidia
have not been seen in this species. In the literature the thallus is frequently
described as sorediose, but this description does not apply to the specimens examined
by me. They are all provided with a cortex and do not convey any impression of
being capable of developing soredia. Consequently, it is a subject of much doubt
whether the genus is propagaled by soredia in this couniry.

The position of the apothecia directly on the hypothallus is an obvious fealure,
which is not known in any Danish Bacidia.

TH. FrieEs considered it to be a genuine fungus parasitic on the thallus of
Sphyridium bygssoides. This peculiar idea is hardly to be understood consider-
ing that the thallus of Arthrorhaphis aclually bears little resemblance to that of
Sphyridium. Therefore I cannot accept Fries’s view, which, by the way, has been
abandoned by all other lichenologists.



ARTHRORHAPHIS FLAVOVIRESCENS.
Dicks.
(PLATE 8—9—10—11).

On moorlands. Ferslev in Jutland. 1. BRANTH.

The thallus in composed of small, citrine or yellow, scattered or confluent,
cushions of an irregular and greatly varying outline. The substratum between them
(sandy soil) seems to be naked, but in reality it is interwoven, right up to the sur-
face, with a rhizoidal tissue of hyphz (‘hypothallus’).

The cortex is composed of a thin layer of hyphe, the limits of which are
indistinct in many places. In the cell-walls is found a yellow, non-crystallized pig-
ment. The hyphee of the gonidial layer are loosely interwoven, with numerous
intercellular spaces. The gonidia are 1-celled. Haustoria do not occur. There is no
distinct medullary layer, but the gonidial layer insensibly merges into the rhizoi-
dal layer, which is composed of thin, colourless, long-celled hyphe, penetrating
the soil and intermingled with its contents of dead moss-leaves, lumps of humus,
and alge. There are no signs of the hyphe utilizing the algee of the soil as gonidia.

The apothecia arise singly or crowded in groups, directly on the hypothal-
lus. The specimens examined by me do not suggest the possibility of the apothecia
arising also on the gonidia-bearing parts of the thallus. Even in cases where they
had apparently arisen directly in the yellow thallus, it could be pointed out that
in reality they had been formed between the thallus-cushions immediately on the
‘hypothallus’. At first they are orbicular, concave, with a thick margin, but later
on they may become less regular in outline and more plane. The colour is deeply
blackish-brown at all stages. The stipes is very short, almost absent, and conlinues
into a well developed calyx. The hyphe usually radiate in all directions to the
surface of the calyx, on which they stand almost at right angles. The hypothecium
is considerably lighter, almost colourless. In it -are distinctly seen numerous hyphee,
which rise vertically and gradually are transformed into paraphyses, while the
bulk of the hyphe of the hypothecium are more irregularly entangled among
each other. A very well developed and distinct ascogonium is found among these
paraphysogenous hyphe. The paraphyses are very slender, not branched or poorly
branched above, not thickened at the tips. Asci are narrowly clavate; their walls
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are not thickened above; they contain 8 long, acicular, colourless spores with 8—12
loculi, about 40—50 w« long.

Stipes and calyx are dark reddish-brown, in thin sections distinctly light
olivaceous. The hypothecium is much lighter, almost colourless above. The para-
physes are olivaceous at the tips, otherwise colourless.

Pycnidia were not observed.






MICROPHIALE






MICROPHIALE STIZEN.

Phylogeny. The only species found in Denmark, M. diluta Pers., has been
referred 1o different genera of the system, e.g. to DBilimbia and Gyalecta. It is,
however, most appropriate to deal with it under a separate name as done here. In the
structure of the thallus it strongly reminds one of Calillaria (Biatorina) Chroolepus
0. GaLLoE. The apothecium bears also great resemblance to this species of
Catillaria. 1 think it very possible that a relationship between them exists, the
more so as their gonidia are very much alike. Moreover, it reminds one of Bilim-
bia spheeroides, especially of the specimens which are provided with 2-celled spores,
as is the case with most specimens of Bil. spheeroides in this country. On the other
hand, Bil. spheeroides has not chroolepoid gonidia. The most obvious structural
detail, however, in which our plant differs from Catillaria micrococca, C. Bouteillei,
C. Chroolepus, Bilimbia spheroides, and B. subspharoides, is the occurrence of a
cryptolecanorine margin in Microphiale diluta. The structure of this margin is
described more closely below.

MICROPHIALE DILUTA.
PEns.
(Plate 12—13—14 —15—16).

On the periderm of Pinus. Slebek. E. RosTrup.

The thallus is very thin, with an indislinct margin. The colour is somewhat
dirty-green. The form of its surface is quite dominated by the roughness of
the substratum.

The cortex is poorly developed, composed of rather indistinctly limited hyphze,
the contents of which seem to be living, susceptible to staining. Otherwise the thal-
lus is nearly homoeomerous, composed of hyphe running rather irregularly, inter-
mingled with numerous gonidia of chroolepoid type. Haustoria do not occur. Spe-
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cial medullary and rhizoidal layers are not differentiated. The deeper lying hyphe
branch like rhizoids in the upper opened cells of the periderm and do not show
any signs of attacking them chemically.

The apothecia arise on the thallus without any visible order. They are or-
bicular, at first concave, cup-shaped, but later on they become more plane; the disc
may even b
thallus may be found on the outer and lower surface of the apothecium; other-
wise, it has a pure biatorine macroscopic aspect. The margin is yellow or orange-
coloured; the disc has the same colour, only of a little darker shade.

The stipes and the calyx merge quite insensibly into one another and are
composed of rather big-celled hyphe, in places forming an almost pseudo-paren-
chymatous tissue. In the margin of the apothecium the hyphe run upwards and
outwards to the surface, on which they stand almost erect. The apical parts of
the hyphe in the periphery of the margin have much bigger cells than those form-
ing the inner parts. A hypothecium, composed of an indistinct ascogonium
and very distinct paraphysogenous hyphe, rises from the bottom of the calyx. The
paraphyses are not branched; at the base and at the tips they are big-celled;
otherwise their cells are stretched. Asci are long and narrow; their wall is not
thickened above. They contain 8 2-celled, colourless spores.

The stipes is colourless, but all other parts of the apothecium are very faintly
yellowish from a not-crystallized pigment. This yellow colour comes out most
strongly in the peripheral parts of the calyx and in the epithecium.

A very conspicuous structural feature must be mentioned here. In the calyx
itself — which otherwise has the same structure as, and is homologous to, the
calyx of the other lecideine species described above — occur not a few gonidia
situated in the inner, small-celled parts of the calyx. Their presence is not betrayed
by anything in the macroscopic aspect of the apothecium, which apparently is
quite biatorine. I intend to designate an apothecium of such a structure a crypto-
lecanorine apothecium as distinct from the pseudo-lecanorine apothecium, the
macroscopic aspect of which is lecanorine, whereas the inner structure is truly leci-
deine. For further details the figures must be referred to.

Pycnidia were observed here and there. They have a somewhat dark ostiole.
The wall of the perithecium is somewhat dark above, lighter below. Hyphe-bearing
conidia radiating towards the centre of the pycnidium issue from the inside of the
wall. Anastomosing hyphae are met with here and there; from their apical cells
they cut off an oblong oval conidium, but conidia may be cut off also from cells
at some distance from the apical cell
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PACHYPHIALE LONNR.

Phylogeny. The species found in this country, P. carneola AcH., has been placed
under different genera of the system, e. g. under Bacidia (owing lo the struc-
ture of the spore) and under Gyalecta (owing to the deeply-concave apothecium and
the occurrence of chroolepoid gonidia). From our present knowledge of the struc-
ture of Bacidia it may be said with great certainty that P.carneola does not
show any other likeness to Bacidia than the occurrence of acicular spores,
but not in the structure of the thallus nor in that of the apothecium. In
all other details, especially in the occurrence of crypto-lecanorine apothecia, it dif-
fers so completely from Bacidia that it cannot possibly be referred to that genus.
A minute comparison with the species of Gyalecta cannot be made until the latter
have been investigaled and figured in all anatomical details. By the structure of
the spore and the thallus, however, it seems to be so far removed from Gyalecta,
more particularly Secoliga, as to justify its being established as a separate genus.
Accordingly, whether our species may be imagined to have arisen from some other
recent species cannot be settled with any certainty, because anatomical investigations
of its nearest relatives, and especially figures of them, have not been published

as yet.

As to the structure of the species the description below is referred to.

About its biological conditions it may be remarked — in addition to what is
evident from its structure without any further explanation — that the specimen

described here was found with very young apothecia, just about to break through
the surface of the thallus, on the 31st of March, at a season still cold and wintry
in this country. This is. one of the very few season-biological phenomena
known in lichens. This fact suggests that the formation of young apothecia may
possibly begin in the cold season, but the interpretation is not certain. Still un-
developed apothecia may be imagined to have hibernated.

The propagation, probably, proceeds by spores only. There are no sure signs
of the thallus, however loose in texture, selling free so
been found in this country.



PACHYPHIALE CARNEOLA.
AcH.
(Plate 17—18—19—20.)

On the periderm of oak. Vindum Skov; . BranTH.

The thallus is thin, even; the form of its surface is quite dominated by the
roughness of the substratum. The colour is whitish.

The thallus is almost homoeomerous, there being no pronounced differentiation
into cortical, gonidial, medullary, and rhizoidal layers. It is composed of very ir-
regularly interwoven hyphe, intermingled with chroolepoid gonidia. Haustoria do
not occur. In several places the gonidia reach the surface of the thallus, in
other places they are covered by hyphee, which, however, have no pronounced
cortical aspect. The rhizoids do not show any signs of attacking the substratum
chemically.

The apothecia are scattered over the thallus without any order, young and
old mixed together. At first their margin is covered by particles of the thallus,
which particles may disappear later on. Their outline is rather isodiametrical or
oblong. At first the margin may be almost uniform in thickness round the whole
apothecium; later on it may become variously thickened, well-developed, and at
times somewhat sinuose. The disc is concave. The young apothecia are light red-
dish-yellow, but gradually they become more brownish-red. The margin is often
more reddish and somewhat darker than the disc.

The stipes is very short and of the same structure as the thallus, but with-
out gonidia. It is provided with richly developed intercellular spaces and merges
into a well-developed calyx, which in part is continued into the hypothecium,
and in part forms a well-developed cuplike margin round the hymenium. In the margin
the hyphe run upwards and outwards towards the periphery, in which their api-
cal parts become considerably more thickwalled than are the inner parts of
the calyx.

The hypothecium consists of paraphysogenous hyphe, irregularly entangled,
and furthermore, of very distinct ascogenous hyphee.

The paraphyses are slender, filiform, not branched, not thickened at the tips,
conglulinated by a slightly developed hymenial gelatine.
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Asci are clavate, thickest round the middle, somewhat tapering above; their
walls are only slightly thickened above. They contain a varyirn.g number (often about
15—16) of long, acicular spores with 9—15 loculi. The spores are 44—66 p long.

The inner parts of the apothecium are almost all colourless. The apical
parts, however, of the hyphe forming the margin of the apothecium are brownish
just as the still lighter coloured epithecium, which seecms quite colourless in thin
microtome sections. The pigment is non-crystallized, deposited in the walls of
the hyphee.

In the specimen examined here was found a similar condition as in Micro-
phiale diluta, viz. the occurrence of some gonidia in the calyx itself. Consequenlly,
the apothecium may be designated as crypto-lecanorine, because the occurrence
of gonidia does not at all betray itself in the macroscopic aspect of the apothecium.

Not a few dead apothecia were found, appearing as empty, light cups of the
same colour as the thallus, from which all remnants of a hymenium had disappeared.
Whether this phenomenon is due to a pathological condition of the lichen or may be
considered as quite normal, could not be settled on the basis of the present investi-
gation.

In some apothecia were found brown hyphe of a fungus, intermingled with
the paraphyses. The fungus seems to be the same as is met with in several species
of Catillaria and other lichens mentioned in this book. In Pachyphiale too there is
no sign of this fungus doing the lichen any harm.

Pycnidia were not observed.
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BRYOPHAGUS. NITSCHKE.

Phylogeny. The only species, found in this country, agrees in many respects
with certain species of Gyalecta, particularly with the subgenus Secoliga, in the
structure of the apothecium and partly also in that of the thallus. It differs, how-
ever, [rom Secoliga in having bluish-green gonidia. Whether otherwise it takes up
a more primitive position in taxonomic or biological respects than the subgenusin
question cannot as yet be settled with any certainty, as no detailed investigations
or figures of the latter have hitherto been published. Whether it may be consi-
dered as having originated from any recent species of Secoliga, or vice versa, is a
problem which cannot be solved with certainty at the present moment; anatomical
researches of the species of Secoliga will, however, be likely to answer the que-
stion. In order to avoid giving the same name to two genera of lichens, differing
in the structure of the spores and of the gonidia as well, I shall retain the name
Bryophagus, at the same time, however, pointing out that the present species most
probably represents a cyanophilous genus analogous to the chlorophilous genus
Secoliga.



BRYOPHAGUS GLOEOCAPSA.
NITSCHKE.
(Plate 21 —22—23—24—25.)

On moorland. ferslev near Aalborg. J. BRANTH.

The horderline hetween the thallus and the suhstratum is not very distinct. The
thallus is gelatinous, in moistened state somewhat transparently greenish-hlack. Its
structure is homoeomerous, composed as it is of scanty hyphee hranching without
any visihle order in all directions through a gelatine formed of different Cyanophycew,
mainly Chroococcacece. There is neither a definite cortex nor any rhizoidal zone;
the whole thallus may he considered as a gonidial layer. The hyphae do not send
any haustoria into the gonidia. The latter helong to different types, figured in full
details in the figures 72 and 73.

The apothecia are markedly urceolate in shape, immersed in the thallus.
Only their margin is visihle; it is whitish-yellow, partly covered hy the thallus.
The exciple is formed of a deep calyx, without any proper stipes; at the hase it
merges into a hyphal tissue rich in intercellular spaces filled with the Cyanogoni-
dia and their gelatine. From the hase of the stipes issues a dense calyx, in which
the hyphe rise upwards towards the surface of the thallus, running more or less parallel.
In the periphery of the calyx, however, the hyphe are arranged in periclinal, con-
centric layers. The hypothecium is placed at the hottom of the calyx. It is rather
thin, provided with distinct paraphysogenous hyphe and indistinct ascogenous
hyphe. The paraphyses are filiform, not thickened at the tips. Asci are narrowly
clavate, their walls slightly thickened ahove. Apparently they contain only 4 colour-
less, long, narrow spores, which are somewhat twisted round each other and pro-
vided with about 8 loculi. They are 24—28 u long.

All parts of the calyx are slightly yellowish, whereas the hymenium appears
colourless, at any rate when examined in thin microtome sections.

Pycnidia were not obscrved.
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In P.J. HELLBoM’s "Bornholms lafflora’ there is on pag. 65 a note concern-
ing the present species. In it some doubt is expressed whether this plant is a real
alga or a lichen.

In DercuMaNN BranTH and RosTrup sLichenes Danise« the description of the
anatomy of the thallus is not quite correct. From the description given above it is
evident that the feeling of doubt and uncertainty as to the nature of this plant is
due to the fact that the thallus is gelatinous and thus greatly differs from
the thallus occurring in lichens provided with common Chlorogonidia. 1 cannot
find any reason for doubting that our species is a true lichen in biological re-
spects. Should ever apothecia be found of the structure described here, living on
the naked soil without any symbiotic Cyanophycece, the species would have to be
considered a fungus, but the occurrence of such a plant is unknown to me. Our
specimen, however. must be considered a true lichen in quite the same biological
meaning as every other cyanophilous lichen, even if in future it should be unveiled
as a facultalive lichen only. In that argument I find a justification for describing
and mentioning it in this book.
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BIATORELLA TH. Fr

Phylogeny. In our country this genus is represented by one corticolous spe-
cies only, growing in the interior and on the surface of naked wood, viz. B. mori-
formis, which is partly endoxyline, partly epixyline. Its structure is exceedingly
primitive, as more closely mentioned in the description of the species in question.
It is very probable that this species (or another, extinct or recent, similar species)
is the prototype of the other species growing on other substrata, although absolute-
ly sure evidence of this supposition cannot be procured. On the other hand,
there is no probability of any saxicolous species being the oldest prototype, since
it seems next to impossible for a true fungus to establish a lichen-symbiosis im-
medialely upon rocky substratum, where it is exposed to conditions of life differing
in almost every respect from its habitual heterotrophic mode of living. The sym-
biosis seems most likely to have been initiated on some organic substratum.

B. moriformis, or a similar species, may thus be considered as the probable
prototype of the whole genus, and it would be very interesting to ascertain whether
this species would be able to live as a true fungus, without gonidia.

On the other hand, some or other species of Lecidea may be considered as
the prototype of the present genus, but most probably the genus is descended from
a fungus, which already in its fungal stage had an ascus containing a very great
number of spores, thus being provided with the structural features especially di-
stinctive of the genus Bialorella.

NATURAL HISTORY OF THE DANISH SPECIES OF BIATORELLA

The spore in our species is very small, globular or oval, about 2—4 p long, and
colourless. Its wall is very thin. The interior space of the asci varies somewhat,
but even in the smallest asci the number of spores amount to hundreds (B. mori-
formis) or even to some thousands.
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By the germination of the spore, which has not been observed directly, there
is formed a thallus, which is crustaceous and endoxyline or epixyline (B. mori-
formis), calcicolous (B. pruinosa) or saxicolous (B. simplex, B. clavus). In B. mori-
formis the thallus appears to be very poorly developed and is completely wanting
in the specimen examined by me.

The gonidia are 1-celled, roundish and possibly of both cystococcoid and pleu-
rococcoid type (Fig. 88). No haustoria were found anywhere.

As regards other structural details of the thallus, the special descriptions of the
single species are referred to

The apothecia are formed without any visible order, scattered over the thallus.
They have an exciple, composed of stipes and calyx. In B. moriformis the stipes
is rather short, in B. clavus it is grossly developed, and in B. pruinosa and B.
simplex of medium size. In all the species it is composed of hyphe running paral-
lel and radiating above in all directions, thus forming a big calyx, in which the
hyphe run outwards to the surface of the apothecium, on which they stand approxi-
mately erect.

In the hypothecium the ascogenous cells are not very conspicuous. From
these issue the asci, the walls of which are moderately thickened above.

The paraphyses are imbedded in a well developed hymenial gelatine. Their
tips are slightly thickened or not at all so.

As a rule, only the peripheral parts of the apothecium are provided with pig-
ments, which accordingly are deposited in the tips of the paraphyses, the apical
parts of the hyphee of the calyx, and the peripheral parts of the stipes. Small
amounts of pigments may, however, be deposited in other places besides these,
e.g. in the wall of nearly the whole paraphysis in Bi. clavus and especially in Bi.
simplex (Fig. 96, 97 and 98). On the other hand, the hypothecium is generally faintly
coloured, most deeply in Bi. simplex.

In all our species the apothecia, when seen with the naked eye, appear nearly
quite black, and in these species as in other lecideine genera a distinction between
light and dark apothecia and, especially, an establishment of sub-genera based upon
such differences, is quite artificial.

Pycnidia and soredia are not met with in our species.

Biology. The mycelium formed by the germination of the spore captures the
alge necessary for the establishment of the symbiosis. In what manner the alge
are captured has not been actually observed, nor how many are captured by the
single individual. It is, however, a matter of course that Bi. moriformis, which is
partly endoxyline, incorporates many algal individuals, as the daughter-cells of the
first captured alge as a rule cannot be carried by the hyphee across the many
obstructions of the substratum.

How the gonidia are utilized may only be guessed at. We may suppose that
nutritive matters are exchanged between the alge and the hypha in places where
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these components are in close contact. On the other hand, there is nothing to
show that the gonidia are killed by the symbiosis.

The usual tissues: the rhizoidal, medullary, gonidial, and cortical layers
are differentiated during the further growth of the thallus.

The rhizoids attack the substratum in different ways. In Bi. moriformis it is
evident that the hyphe most easily grow longitudinally in the stretched cells of
the woody substratum (Fig. 80).

Any visible sign of the hyphz attacking the substratum chemically was not
observed in this species. They must, however, be supposed fo absorb at any rate
inorganic matter from the substratum, even if this process does not manifest itself
in any visible or recognizable alteration in the structure of the wood. Whether or-
ganic matter too is absorbed cannot be directly seen. But gradually, the substratum
will be more or less emptied of inorganic salls, and thus its nutritive matter will
become insufficient as plant-nutrition for the nourishing of the plant; in such places
the thallus will accordingly die and the gonidia will probably be set free, while the
margin of the thallus will continue its growth. It is easily understood that the du-
ration of life of the lichen is contingent on the utilization of the substratum through
the rhizoidal hyphe. Bi. moriformis must be supposed to be potentially immortal
as far as it does not die of its own accord, from inherent causes, but only because
the substratum has been emptied of suitable, nutritive matter.

In Bi. pruinosa the rhizoidal hyphee penetrate into limestone and form a coarsely
developed tissue, which evidently in a high degree attacks the substratum chemi-
cally. In this species, too, the duration of life is conditional on the gradual emp-
tying of the nutritive matter of the substratum.

In Bi. simplex growing on a rocky substratum of eruptive origin the attack
of the rhizoidal hyphee on the different grains of minerals has not been closely
examined.

A well developed medullary layer occurs in Bi. simplex only.

The cortex, i. e. the tissues covering the surface of the gonidial tissue, is
more grossly developed in the saxicolous species than in the partly endoxyline B.
moriformis.

The duration of life and causes of death of the single species have been
mentioned above. As to ecological conditions I only wish to point out that there
exists — as it is evident from the facts described above and from a closer examin-
ation of the single species (which see) — a very conspicuous relation between the
structure of the thallus and the nature of the substratum, so that the endoxyline,
calcicolous, and saxicolous species represent as many types of the structure of the
thallus as is indicated by the number of substrata.

Morphologically there is the usual difference between the distinctly areolated
thalli in the saxicolous species and the smooth continuous thallus in Bi. moriformis
growing on a woody substratum.



BIATORELLA MORIFORMIS.
AcH.
(Plate 26—27—28—29).

On an oakpost. Tved (Fyn). E. RosTRuP.

The thallus is extremely thin, for the greater part endoxyline, whitish and
indistinctly bordered. ‘It is composed of groups of gonidia, more or less densely
crowded and intermingled with hypheae forming on the surface a primilive, slightly
developed cortex. The latter may be termed a cortex, inasmuch as it seems to form
on the whole of the thallus a superficial protecting layer over the gonidia, which
thus in no place project to the surface of the thallus. On the surface of this cor-
tex, almost everywhere, is found a layer of covering remains of the woody sub-
stratum, so that the thallus may be characterized as endoxyline. The hyphe form
no haustoria. The gonidia are 1-celled, apparently cystococcoid. In the basal parts
of the thallus the hyphe penetrate into the open wood-cells, but do not show
any signs of being able to attack them chemically.

The apothecia are scattered over the thallus without any order, young and
old intermingled. They are fairly isodiametrical and orbicular or somewhat irregu-
lar in outline, from the very beginning greatly convex, almost semi-globular,
without any visible margin. Their colour is black.

The stipes is rather short, composed of fasciate hyphe, above continuing into
a well developed calyx, the hyphx of which are somewhat more irregularly inter-
woven. From the calyx the hyphe radiate more regularly upwards and outwards
into the margin. The hypothecium is thick and contains numerous very distinct
ascogenous hypha. The paraphyses are not branched, not thickened at the tips;
they are embedded in a thick hymenial gelatine. The asci are rather short, some-
what inflated and clavate, with walls greatly thickened, especially at the top. They
contain a great number of extremely small, globular and colourless, spores, about1p
across.

The stipes, the interior parts of the calyx, the margin, together with the hypo-
thecium, the asci,and the bases of the paraphyses are nearly colourless. The peri-
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pheral parts of the margin and the whole of the epithecium are dirty-olivaceous
from a non-crystallized pigment deposited in the peripheral layers of the hyphee of
the calyx and in the hymenial gelatine of the epithecium.

Pycnidia were not observed.

The specimen mentioned here was formerly determined by NYLANDER as a B.
improvisa NyrL. and may thus be considered as an authentic B. improvisa. For the
name Bi. moriformis Acn. 1 take the authority of Th. Fries, who quotes the name
given by NYLANDER as synonymous with that given by Acuarius. I have not seen
the type-specimen of AcHaARrIUS myself.

In the structure of the thallus the present specimen is very primitive and con-
veys to us an idea of the way in which the oldest and most primitive lichens
were probably formed by fungal hyphe branching in the dead organic substratum,
the wood. The latter originally constituted their only nutriment before by degrees
they entered into symbiosis with the common alge of the substratum — a symbi-
osis at first of a facultative nature, later on becoming fixed and obligate.

Undoubtedly, a species like the present one must be imagined to represent
the original and oldest link of a phylum, from which other more differentiated spe-
cies have developed in the course of time.

BIATORELLA (SARCOGYNE) PRUINOSA.
Sar.
(Plate 30—31—32—33.)

On a block of limestone. Magaard Strand. E. RosTRup.

The thallus is somewhat areolate, with confluent areoles of an irregular out-
line and a rather plane, somewhat rugose surface. The colour is greenish-grey.
Scanty radiating, mycelial and colourless hypha occur in the margin of the thallus.
The areoles have a thick cortex, the upper cell-layers of which are differentiated
into a cuticle wilh still discernible cell-lumina. This cuticle is wanting in the
verlical sides of the areoles. Even in thin microtome sections the hypha of the
cortex are somewhat brownish. The hypha of the gonidial layer stand chiefly
erect and run straight, or sometimes somewhat undulating, upwards through the are-
ole. They do not send any haustoria into the gonidia. The latter are 1-celled,
apparently cystococcoid, or some of them perhaps pleurococcoid. The medullary
layer is thick, colourless, composed of densely interwoven hyphe, which however
are provided with intercellular spaces. The rhizoids branch copiously and densely
in the substratum; they are represented by partly big-celled, and partly small-celled

6
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hyphe. In the big-celled hyphse, which according to the usual terminology would
be designated spheroidal cells, no oil-drops were found. Numerous grains of limestone
occurred in the rhizoidal and medullary layers.

The apothecia are scattered over the thallus without any order, young and
old intermingled. They are more or less isodiametrical, somewhat angular and irregular
in outline, but may somelimes be regular. At first they are concave, later on they
become plane or even slightly convex, with a persistent, rather thick margin. The

eEsTour is black: :

The stipes is fairly well developed, completely embedded in the thallus. It is
composed of parallel hyphee; above it continues into the calyx, the inner parts
of which, below the hypothecium, are formed of irregularly undulating hyphe,
whereas the margin is formed of hyphee radiating outwards in all directions and
standing almost erect upon the surface. The hypothecium contains rather distinct
ascogenous hyphe. The paraphyses are filiform, not thickened at the tips. The
asci are broadly clavate, their walls are not particularly thickened. They contain
numerous oblong, colourless spores, about 4 u long.

The stipes, the bottom of the calyx, the inner parls of the margin, the hypo-
thecium, and the main parts of the paraphyses are colourless. The peripheral parts
of the calyx together with the whole of the epithecium are brownish from a non-
crystallized pigment deposited in the peripheral parts of the walls of the hyphze.

Pycnidia were not observed.

This species is a pronounced calcicolous lichen with numerous grains of lime-
stone deposited among the hyphe, partly (yet scantily) in the cortex, partly (in
large amounts) in the gonidial layer, and also (in very large amounts) in the me-
dullary layer; finally all the intercellular spaces between the rhizoidal hyphee are
filled with limestone. This distribution of the grains gives us some intelligence of
the way in which the thallus increases in thickness.

If we try to imagine the thallus with the aspect immediately attained when it
is formed by the germination of the spore, we must of course suppose it to be
free from any grains of limestone. Now, if the whole of the epilithic part of the
thallus was formed by growing upward from the surface of the stony substratum,
it would not at all be intermingled with grains of limestone. Such grains
would occur only in the endolithic rhizoidal zone. When nevertheless the medul-
lary layers — and partly the gonidial layers too — are completely filled with lime,
this fact suggests that theoretically the medullary layer must be considered endo-
lithic and attaining through an intercalary growth a very considerable size. The
original surface of the stone was situated near the lower surface of the gonidial
layer, which means that originally the gonidia were lying free upon the surface
of the stone, where they were captured by the first germinating mycelium.
The numerous grains of limestone in the medullary layer thus represent
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the original coherent surface of the limestone, which was disintegraled into single
grains through the intercalary growth of the hyphwe of the medullary layer. Compare
with this the occurrence of particles of the periderm in the medullary layers of
numerous bark-lichens.

Grains of limestone may sometimes occur even in the calyx (Fig. 89). This
fact suggests that the calyx originated from the medullary layer, or, in any case,
deep down in the thallus. From the thallus the grains were by degrees intermingled

with the young hyphe of the calyx and later on lifted upwards through the whele« 7

of the thallus, when the apothecium broke through its surface. Indeed, the grains
are most copious in the margin, whereas they are absent in the hypothecium and
in the hymenium, which tissues undoubtedly are both formed of an originally very
small mass of hypha surrounding an ascogonium (‘carpogonium’). Even if some
small grains of lime were originally placed among these hyphe, the whole tissue
would later increase so much in mass and extent thal such particles of lime would
not fill any space worth mentioning in proportion to the hyphax themselves. It re-
mains to be said that I did not find any lime at all in the central parts of the
apothecium of the specimen mentioned here.

BIATORELLA (SARCOGYNE) SIMPLEX.
Br. & RosTR.
(Plate 34—35—36—37.)

On stone. Lillered. O. GALLGE.

The thallus is composed of small, scattered, plane, partly confluent grey are-
oles of a very irregular outline. The naked substratum is visible between them.
Colourless, slender hyphte connecling the areoles with each other spread over the
substratum.

The cortex is composed of irregularly arranged hyphee with distinct lumina.
The uppermost layer is brownish-greyish from a non crystallized pigment deposiled
in the walls of the hyphz. The hyphe of the gonidial layer are somewhat looser
in texture than those of the cortex. No hausltoria occur. The gonidia are 1-celled,
apparently cyslococcoid or pleurococcoid. The medullary layer is brownish and
even looser in texture than the gonidial layer, and is provided with big inter-
cellular spaces.

The apothecia are situated in the vicinity of the areoles, never directly upon
the hyphae connecting the areoles. Apparently they are placed upon the areole; it
cannot, however, be settled with full certainty whether they have arisen in an areole
provided with gonidia or stand in the narrow space between contiguous areoles. They
are more or less isodiametrical and generally very irregular in outline from the very be-
ginning. The margin is very thick, undulating, and provided with radial furrows.

6%
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The disc is plane or somewhat verrucose and may sometimes gradually become
furrowed like the margin. The colour is black at all ages.

The stipes is well developed and composed of parallel hypha insensibly
continuing into the calyx. The sides of the latter are composed of hyphe radiating
in all directions towards the surface, on which they stand almost erect. The hypo-
thecium is thick and contains distinct ascogenous hyphe. The paraphyses are
filiform, not thickened at the tips, greatly conglutinated; they do not separate from
each other even when exposed to a strong pressure. The asci are narrowly clav-
ate; their walls are somewhat thickened above. They contain numerous small,
oblong spores, about 2 u long.

The inside of the stipes is colourless; in the periphery the hypha are dark-
brownish. The same colour occurs in the peripheral parls of the calyx and in the
epithecium. The inner parts of the calyx, below the hypotheciumn and upwards
alongside of the hymenium, are considerably lighter brownish. The whole of the
hymenium and the hypothecium are very faintly brownish.

Pycnidia were not observed.

The relationship belween the present species and Bialorella (Sarcogyne) clavus
is very conspicuous in several respects, as TH. Fries rightly points out in his
work Lichenographia Scandinavica. There are, however, many differences in structure
between them, as it is evident from a comparison between the figures of the two
species given in the present work. The most striking difference occurs in the struc-
ture of the hymenium: in B. simplex the ascus.is considerably longer than in B.
clavus. On the contrary, the spore is about twice as long in B. simplex as in B. clavus.

BIATORELLA (SARCOGYNE) CLAVUS.
D. C.
(Plate 38—39.)

On granite. Hammershus on Bornholm. GReGNLUND.

The specimen examined is the only one existing in any Danish collection and
consists of some few apothecia isolated from the substratum, of which nothing at
all is present. Accordingly, no material of the thallus has been at my disposal for
examination. In other Scandinavian specimens the thallus seems to be very poorly
developed. Thus, TH. Fries writes in Lichenographia Scandinavica pag. 409, ‘Thallus
indistinctus; infra apothecia adsunt tamen illius minutissima vestigia, gonidiorum
glomerulas continentia.’
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The apothecia are big and stipitate. The young ones have a rather regular
outline, but are however a little sinuose at the margin. The old ones are extremely
irregular, with a margin undulating so much that it divides the disc of the apo-
thecium into several lobules. The surlace of the disc of old apothecia is convex,
and in places deeply furrowed. The young apothecia are deeply reddish, the old
ones more purely black. ,

The stipes is well developed and long, so that the whole apothecium is
somewhat turbinate. It is composed of parallel hyphe running upwards through it;
from these hyphee issue horizontal, dark hyphe, forming an outer protecting layer
on the stipes. Above, the stipes is continued into a very thick calyx, the bottom of
which is composed of rather irregularly arranged hyphe with numerous intercellular
spaces. Among these hyphea are situated numerous roundish groups of a colourless,
apparently crystallized subsiance, the single crystals of which seem to belong to
the rhombic system. The sides of the calyx are formed of hyphte, which radiate
in the usual way in all directions towards the surface, on which they stand nearly
erect. The hypothecium is thick; the paraphyses are conglutinated, filiform,
not thickened at the tips. The asci are broadly clavate; their walls are somewhat
thickened above. They contain numerous oblong spores, about 4 p long

The inner parts of the stipes and the calyx are colourless; the outer, peripheral
parts, on the contrary, are black, i. e. rather dark brown. The hypothecium and
the hymenium are very faintly yellowish. The tips of the paraphyses are darker
brownish-yellowish. The very uppermost layer of the epithecium is, however, co-
lourless, cuticle-like, and is apparently forimed of the dead and colourless apical
cells of the paraphyses.

Pycnidia were not observed
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MYCOBLASTUS NorwMm.

Phylogeny. This genus, which in our country is represented by one species
only, is characterized by its peculiar, very big spores, the walls of which are double
and contain hundreds of cell-nuclei. Sometimes the ascus contains two spores;
Danish specimens, however, have most often only one spore.

In the structure of the thallus it stands at a higher state of development than
most of its nearest relatives. The thallus is highly granular or approximately mi-
crophylline, thus resembling to some degree several species of the genus Psora.

The genus in question has been referred to different families in the system,
e. g. as a subgenus of the genus Lecidea. It seems, however, more probable to me
that it cannot be considered as a particularly primitive lichen, but — more likely —
as a higher developed descendant of some species of lichen provided with a poly-
sporous ascus, possibly a species of Biatorella. Accordingly, I [eel greatly inclined
to consider the genus as having arisen from some primitive corticolous Biatforella,
which during the phylogeny has ceased 1o differentiate its numerous cell-nuclei
into as many spores, and which — as a reminiscence of former conditions —
has retained one feature, viz. each of the spores germinating through numerous
hyphee.



MYCOBLASTUS SANGUINARIUS L.
(Plate 40—41—42—43.)

On oak-wood. Jegersborg Dyrehave.

The thallus is provided with rather indistinct, colourless mycelial hyph:®
along the margin. Scattered roundish, cushion-shaped, in places confluent, areoles
occur inside the mycelial margin. Nearer to the centre of the thallus these areoles
unite into a coherent thallus, developing a common medullary layer. The outline
of the single areoles may by degrees become very irregular, and the areoles partly
overlap each other. The areoles, which are thus overshadowed, gradually lose their
gonidia. The colour of the thallus is brown.

The cortex is composed of hyphe, which are indistinctly limited to each
other, and with lumina, distinct only in places. A non-crystallized, brown pigment
is deposited in the whole of the cortex.

The gonidial layer is composed of irregularly interwoven, short-celled hyphze.
The gonidia are roundish, 1-celled. No haustoria are found. The medullary layer
is considerably looser in texture, composed of long-celled, branched hypha with
big intercellular spaces. The hyphee of the medullary layer are here and there
stained blood-red from a non-crystallized pigment.

The apothecia are scattered over the thallus without any distinct order. At
first they are orbicular, convex, without any margin; later on they may become
more irregular in outline, partly overlapped by the areoles of the thallus and more
plane. The colour is black at all ages.

The stipes is short in proportion to the diameter of the apothecium. It is
composed of rather irregularly interwoven hyphee with big intercellular spaces. An
arrangement in bundles is not recognizable.

The calyx is composed of densely interwoven hyphe, running from the stipes
upwards into the margin. Ascogenous hyphe, partly very distinct, are found in the
hypothecium. The paraphyses are conglutinated, filiform, branched at the tips,
but not thickened. The asci are big, clavate; their walls are thickened above. In
the specimen investigated they only contain one single spore. The wall of the
latter is at first thick and consists of only one layer; later on it is differentiated
into two layers, of which the innermost is the thickest and provided with ir-
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regularly scattered pores, operative, presumably, during germination. The cytoplasm
contains numerous cell-nuclei.

The inner colours of the apothecium are distributed in the following way:
the stipes is yellowish, with a big, blood-red spot just below the calyx. The calyx

and the hypothecium are faintly yellow. The paraphyses are greyish, apparently a
mixture of yellow and blue.

Pycnidia were not observed.
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BLASTENIA Mass.

Phylogeny. The only species occurring in this country, viz. Bl ferruginea, be-
longs to a genus, which in other countries is represented by numerous species
growing on organic as well as on rocky substrata. The species BIl. ferruginea itself
is found in this country growing both on bark and on stone.

A. ZauisruckNER refers this genus to Caloplacacee together, among others, with
the genus Protoblaslenia, which in this country is represented by one species only,
called in the present work Lecidea rupesiris and described in Part I among
the Lecideas on account of the structure of the spore.

I think that Zanusruckner is right in grouping these two genera together, and
I am inclined myself to consider them so closely related as to maintain that Bla-
stenia is descended from Proloblastenia. This supposition is supported by the fact
that Protoblastenia includes species growing on bark and provided with a thallus,
which is so primitive in structure that it may be considered a directly lichenized
fungus, e. g. Lecidea (Protoblastenia) cinnabarina SMRFT.

Whether Protoblastenia again originated from other undoubted Lecideas, 1 dare
not maintain with any certainty. For the time being no true estimate of such a
relationship can be formed, because sufficiently detailed descriptions and pictures
of Lecidea (Protoblastenia) cinnabarina do not yet exist Still, I do not think such
a relationship to be impossible nor incompatible with my knowledge of the struc-
ture of Lecidea rupesiris described in the present work, Part I

As regards the natural history of the Danish species of Blastenia the following
description is referred to.



BLASTENIA FERRUGINEA.
Hubs.
(Plate 44—45—46—47—48—49—50—51—52.)

Specimen 1. On oak-bark. Lolland. E. RosTrup.

The thallus is even, smooth, here and there somewhat rimose, partly owing
to the presence of fissures formed through tensions in the substratum. The margin
borders on a Lecanora subfusca. The thallus is greenish; the limiting line is black.

The cortex is well developed, composed of hyphe, which for the greater part
seem to be dead. However, several undoubtedly living hyphee are intermingled
with them. Intercellular spaces are found here and there. The hyphae of the
gonidial layer are more loosely interwoven and short-celled. The gonidia are
1-celled, without haustoria. The medullary layer is thick, rich in intercellular
spaces. The hyphae of the rhizoidal layer make their way between the cells of
the periderm, but show no clear sign of attacking them chemically (see, how-
ever, below).

The apothecia are scattered over the thallus without any order, here and
there arranged in groups. At first their outline is rather regular, orbicular or some-
what oblong, with entire thick margin and with a plane or somewhat concave disc.
Later on the margin becomes greatly sinuate and crenate, for which reason the
outline of the apothecium becomes exceedingly irregular, but the disc is persistently
plane or faintly convex and the margin thick and persistent. The colour at all ages
is deeply orange-coloured or ochraceous.

The stipes is well developed, composed af parallel hypht, continuing up-
wards partly into the hymenium, partly into a particularly well developed calyx,
the hyphe of which radiate outwards in all directions towards the surface, on
which they stand almost erect. The hyphee of the calyx are short celled, their
apical parts are coloured by a granular pigment deposited between the hyphze,
staining red by addition of KOH. The hypothecium is extremely rich in as-
cogenous hyphee, to a large exlent continuing downwards into the calyx. The para-
physes are slender, slightly capitate at the tips, branched, and coloured by the
same pigment as found in the calyx. The asci are narrow at the base and more
broadly clavate at the top. Their walls are moderately thickened above. They con-
tain 8 colourless spores, which at first are 1-celled; later on they become polari-
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bilocular because the transverse wall gradually narrows the connection between the
two cells into an extremely narrow channel. In some isolated cases the channel
completely disappears or the one cell of the spores is not developed at all, and
thus they remain 1-celled.
All the inner tissues of the apothecium are colourless; only the peripheral
parts of the calyx and the tips of the paraphyses are coloured with parietine.
Pycnidia were not observed.

In the present specimen I succeeded in finding very young primordia of apo-
thecia, which show the following development: Groups of convolute ascogonia,
composed of several cells and provided with a trichogyne which reaches the sur-
face of the thallus, are formed in the interior of the thallus, close to each other
(Fig. 128). A system of hyphee, the future calyx, is organized round and under
these ascogonia. Numerous hyphe, the first primordia of the paraphyses, are placed
among the ascogonia. At the present stage the primordium of the apothecium
is completely embedded in the thallus among the lamellee of the periderm and
surrounded by the gonidial layer. Some few gonidia may occasionally be embedded
among the hyphe of the calyx and continue their development in this place.
They will be found even in the fully developed apothecium, which
accordingly must be designated as crypto-lecanorine (Fig. 126 and 127),
a fact which to some degree eftfaces the limits between the lecideine and the leca-
norine apothecia.

The asci arise from the ascogonia, whereas the trichogynes disappear. My
sections give no information about conditions of fertilization. The basal part of the
calyx gradually organizes a well developed stipes, which raises the apothecium
above the level of the surface of the thallus.

In some of my anatomical sections of the present specimen it was cvident
that the lamellee of the periderm being in direct contact with the hyphe of the
thallus are considerably more susceptible to staining (with erythrosine) than the
other lamellee which are out of reach of the hyphe. This fact suggests the pos-
sibility of the cell-walls being chemically attacked by the hyphe — a fact which
has been pointed out in the present work in the descriptions of several other spe-
cies of crustaceous and corticolous lichens.
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Specimen 2. On granite. Gudhjem. Bornholm. J. LaNGE.

The thallus is grey and somewhat mottled with black, with minute cracks
here and there. The margin is black. Where the grains of quartz project ahove the
surface of the substratum they are but imperfectly covered by the thallus, which
sends dark, radiating, marginal hyphe out over the edges of the grain (a
phenomenon figured several times in this book in the descriptions of other saxi-
colous lichens.)

In some places the cortex is composed of colourless, erect, short-celled and
living hyphe, in other places of greyish-brown hyphe continuing above into a dead
cuticle formed of compressed, colourless hyphee. The hyphe of the gonidial layer
stand rather distinctly erect and are rather densely interwoven. The gonidia are
1-celled, without haustoria. The medullary layer is rich in intercellular spaces,
and the rhizoidal layer is even a little looser in texture than the medulla.

The apothecia are more regular than in specimen 1. At first, when they
break through the surface of the thallus, they are partly covered by the greyish
thallus; later on they become quite free and almost orbicular or faintly
irregular in outline, with a thick margin and a plane disc. When growing older
they get a crenate margin, which at last disappears, while at the same time the
disc becomes convex.

The very young apothecia are nearly unicolorous, deeply orange-reddish, con-
siderably deeper red than in specimen 1. Later on, the colour of the
margin becomes invariably red, whereas the disc becomes rusty brown — a very
peculiar contrast of colours. At last, when the apothecium becomes convex, it
changes at the same time into blackish-brown — apparently coloured by a dark
pigment deposited in the hyph:e together with the parietine already existing in the
apothecium.

The stipes is less well-developed than in specimen 1, but just as in the latter
it is composed of parallel hyphe, continuing above into a hypothecium and a well-
developed calyx of the same structure as in sp. 1. The hypothecium is very rich
in ascogenous hyphs. The hymenium is of the same structure as in sp. 1, both
as regards paraphyses, asci, and spores (as shown in the figures 141 and 142).

The difference as to colour between young and old apothecia is shown in de-
tail in the figures 138 and 139. The distribution of colours is as found in sp. 1:
the pigment is deposited in the apical parts of the hyphae of the calyx and in the
tips of the paraphyses. Otherwise, the inside of the apothecium is colourless. In
this specimen rather numerous gonidia are embedded in the calyx on the border-
line between the stipes, the calyx, and the thallus. In this case, too, the apothecium
is crypto-lecanorine.

Pycnidia were not observed.
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As we have seen, this specimen differs not inconsiderably from specimen 1 in
outer appearance, especially in the colour of the thallus and in the form and colour
of the apothecia. Strictly speaking, it would perhaps be advisable to give it a spe-
cific name of its own in order to point out this difference in habit, especially be-
cause we do not know for certain whether sp. 1 and sp. 2 really belong to the
same species, i. e. whether they can arise from one another by suitable culture
experiments. Intermediate forms are, however, recorded from other countries, for
which reason I feel quite justified in giving them the same name. In this case, too,
it would be of great interest if lichenologists would take upon themselves the task
of cultivating the spores of a specimen of the same type as sp. 1 on a rocky sub-
stratum and thus ascertain whether an individual of the same appearance as sp. 2
— and vice versa — would arise or not. Such culture experiments should be
undertaken to a greater extent. However, they must of course be based upon de-
tailed descriptions of the specimens; otherwise the problems cannot be properly
attacked.
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CATOCARPON (KO6rB.) ARN.

The species belonging to this genus live exclusively on substrata of stone and
cannot therefore be regarded as primitive and directly lichenized fungi. They must,
undoubtedly, have originaled from species growing on organic subslrata. If we
search for their probable ancestors among their nearest relatives, we must stop at
two genera, preferably to be taken into consideration, viz. Catillaria and Buellia.

In both of these genera there exist several species growing on bark, and the
main difference between them is that Catillaria has colourless, 2-celled spores, while
Buellia has brown, 2-celled spores.

Besides Calillaria the genus Bilimbia must be taken into consideration, too; it
must, however, be remembered that belonging to the latter genus there exist several
species provided in part with 2-celled or even 1-celled spores, e. g. B. spheeroides,
B. melenida. Accordingly, the relationship between Catillaria and Bilimbia is so
close that our deliberations hold good in the case of both genera.

If Catocarpon originated from Catillaria (or from Bilimbia), it has acquired
a new structural feature: the spore has changed its colour and become in part
dark. Thus the spores in C. applanatum are chiefly colourless; some of them,
however, still retain their dark colour. On the other hand, in C. badioatrum the
spores are chiefly dark, brownish. Moreover, the epispore has become gelatinous.

If Catocarpon originated from Buellia (or from Diplotomma), it has acquired
the following new structural feature: the spores have become in part colourless
and halonate.

It can scarcely be seltled which alternative has been realized in nature. It
seems, however, most probable that Catocarpon originated from Buellia-Diplotomma,
because in the former genus we meet with scantily muriform spores like those
occurring in the genus Diplotomma, whereas this form of spore is never met with
in any species of lichen which in other respects is an undoubted Catillaria-Bilimbia.

To this may be added that the conidia in Catillaria are very short and oval
(Part II, Fig. 46, 55, 64, 122, 132, 135, 161), while in Buellia-Diplotomma are found
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both very short, medium-sized (Buellia triphragmia), and acicular conidia (Diplo-
tomma alboatrum, Fig. 313). The latter form is again met with in Catocarpon.

If these considerations hold good, if the ancestors of the species of Catocarpon
really were species of Buellia, it inust still be added that the new qualities acquired
by the spores, viz. their partial discoloration and the gelatinized epispore, cannot
be interpreled as a direct adaptation to the nature of the new substratum, stone,
for the same features would then occur in the saxicolous species of Buellia and
Diplotomma, but this is not the case. In this case as in most cases we are faced
by a wholly unintelligible alteration in structure arisen during the phylogeny of the
species; we are forced to explain the new qualities of the spores as caused by the
new conditions of life, although they must be interpreted as representing only an
indirect and correlative adaptation, which inevitably follows the physiologically
altered conditions of the plant, without being in itself of any recognizable value to
the existence of the species.

From our present knowledge of the natural history of Danish lecideine lichens
it appears reasonable to establish several series of genera, which have descended
from each other, viz:

1. Lecidea (with Biatora), Psora, Catillaria (with Biatorina), Bilimbia, Microphiale,
Lecanactis, Protoblastenia, Blastenia.

2. Biatorella (with Sarcogyne), Mycoblastus.

3. Bacidia, Arthrorhaphis, Microphiale, Pachyphiale, Bryophagus.

4. Buellia, Diplotomma, Catocarpon, Rhizocarpon.

From each of these genera other genera are derived, crustaceous lecanorine,
leaf-like and shrub-like forms. About these problems nothing more will be discussed
in this place; they will be mentioned in fuller details in connection with each
single genus.

NATURAL HISTORY OF THE DANISH SPECIES OF CATOCARPON

The spore is considerable in size; the outer layer of its wall is gelatinized,
‘halonate’. It is provided with at least one transverse wall, and thus it becomes
2-celled and besides somewhat constricted in the middle. We find, however, up to
five transverse walls of 1st order, i. e. walls which cross the whole diameter of
the spore. In some spores are found a few longitudinal walls, which make the
spore sub-muriform, together with some rare transverse walls of 2nd order, i. e.
walls dividing only one of the cells formed by the longitudinal divisions, but not
crossing the whole diameter of the spore (Fig. 151 ahove to the right)
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The colour of the spore varies in one and the same apothecium from colour-
less to lighter or somewhat darker brownish. Even one and the same spore may
be dark at one end and colourless at the other end.

In some cases the spores seem to be able to germinate already when lying in
the ascus (see for example Fig. 168, above to the right). A little protuberance has been
observed from one end of the spore, probably representing a germinaling hypha.
It is not known whether more than one germinating hypha is ever formed.

Morphology. The thallus is crustaceous, with a black margin composed of
hyphe, the walls of which are deeply brownish-black from a non-crystallized pig-
ment deposited in the outer layer of the hyphse, while the inner layer is nearly
colourless. The outermost parts of the black margin are not provided with gonidia.

The margin of the thallus is continued towards the centre into an inter-
areolar, black thallus, a so-called hypothallus.

The areoles are at first black; later on they change colour and become brownish.
Their first stages of development are not known with certainty, but they probably
arise in places where suitable algs have fallen on to the margin of the thallus and have
been captured by it. I have observed with full certainty such a mode of development
in some species of Rhizocarpon, and there is no reason whatever for supposing
any other origin in the case of Cafocarpon.

In the fully developed areole the hyphae stand almost erect on the surface of
tbe thallus and remain brownish-dark in the parts touching the substratum and in
the cortex too, while the intermediate tissues, i. e. mainly the gonidial layer, be-
come nearly colourless. Accordingly the ‘hypothallus’ is a misleading anatomical
term for the inter-areolar tissues, because the word conveys the false idea that the
areoles are formed on the surface of the ‘hypothallus’. The real fact is that the
gonidia have been overgrown by the hyphee. The cortex of the fully developed
areole is thus identical with the upper layers of the ‘hypothallus’, the hypha of
which gradually rise perpendicularly upwards and thus alter their original, irregular
and intricate, texture.

A cortex is gradually differentiated from the hyphe. It is composed of hyphee
with brownish apical ends, which die out by degrees and are transformed into a
colourless cuticle. Moreover, a gonidial layer of colourless hyphe is developed.

The gonidia are 1-celled and roundish. Haustoria do not occur.

The medullary layer is brownish and merges insensibly into the rhizoidal
layer.

The apothecia have an exciple, composed of stipes and calyx similar to other
lecideine lichens. In the calyx the hypothecium and hymenium are situated.
The earliest stages of development of the apothecia are unknown. Apparently they
have arisen directly in the inter-areolar thallus; at any rate, there are no sure signs
of their originating in the ripe areoles too. In the hypothecium are found the
ascogenous hyphe, which however are not particularly conspicuous. The paraphyses
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are branched and dark (brownish) at the tips, colourless at the base; they are em-
bedded in a thick hymenial gelatine.

The asci are clavate; their walls are thickened above. The spores are de-
scribed above.

Pycnidia are found in C. applanatum. They occur near the margin of the
thallus. Their walls are formed of dark hyphe, whereas the conidia-bearing hyphe
are colourless; at the apices they cut off long, acicular, straight conidia.

Biology. The new individual is probably formed by the germination of a spore:
whether it may arise from a conidium too is not known. Soredia do not occur.
The young mycelium is occupied in capturing gonidia and grows centrifugally over
the substratum. Gradually the areolate thallus is formed together with its inter-
areolar dark thallus (‘hypothallus’), and the tissues mentioned above are differentiated
in the areoles. Of these tissues the rhizoidal hyphe, of course, procure the inorgan-
ic nutriment. The gonidia provide the lichen with organic matter, and the cortex
protects it from sudden and extreme desiccation. The thick cuticle, which is
formed of dead, compressed cells, is undoubtedly renewed during the growth of the
lichen by new cells from the apical parts of the cortical hyphee being forced gra-
dually upwards and transformed into a cuticle. The latter will no doubt decompose
little by little and peel off in the same way as is known in the case of the periderm
of trees. The dark colour of the cortex has presumably the task of protecting the
deeper tissues of the lichen, particularly the gonidial layer, against excessive light.
The cuticle is wanting on the vertical surfaces of the areoles, on which the cortex
too is faintly developed. This feature is easily understood if we take into consider-
ation that the surfaces in question are much less exposed to pernicious influences
of every kind than are the horizontal surfaces of the areoles.

The inter-areolar tissue and the margin of the thallus are black, and this cir-
cumstance too must be considered as a means of protection against violent insolation.
The tissues in question are, it must be remembered, to some degree embryonal
tissues, very much exposed — especially the margin of the thallus — to noxious
influences.

In the description of the natural history of Lecidea it has been pointed out
what great importance must be attributed to the fact that the thallus is areolate.
The same considerations hold good in the case of Catocarpon. Immediately when
one or more alge have been captured, an areole is organized out of them, which
as soon as possible differentiates a cortex and especially a cuticle for the protec-
tion of these highly important symbionts (Fig. 160). Thus the areole is established
and to some degree individualized as a microcosmos, apparently fairly independent
of the neighbouring areoles. However, the areoles still afford each other some mea-
sure of protection against desiccation, etc., when situated close enough to touch each
other directly.

The narrow cracks between the areoles act like channels, which distribute the
falling rain-water over the whole lichen in the course of an astonishingly short
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time. The water is rapidly absorbed into the interior of the areoles through the thin
cortex of their vertical sides.

Nothing at all is known about seasonal biological phenomena in Catocarpon.
Whether the thallus grows with the same rapidity at all seasons, whether the apo-
thecia and the pycnidia are formed at fixed times, whether there are any fixed
times of rest — all that is unknown, but may presumably be investigated by
observing the species in question at different seasons.

About the duration of life of Catocarpon nothing is known except the one fact
that the species undoubtedly are perennial and in all probability grow very slowly.
They must be considered potentially immortal, as they hardly ever die from in-
herent, but exclusively from external causes. When during their growth over the
substratum they meet keener competitors, they must succumb. On the other
hand, under certain circumstances they will themselves overcome other competitors
and wholly exterminate them (see for example Fig. 144)..

When the thallus has been growing on the same spot for a long time, it must
be supposed that the substratum becomes exhausted of the special nutritive matter
necessary to Catocarpon, and thus a continuation of life is made impossible.

There would accordingly be some chance of a fairy-ring being formed of the
thallus. This phenomenon has not been met with in any species of Catocarpon,
while it is well known in Rhizocarpon (see Fig. 233). The parts of the thallus
which become senile will presumably die out, but this process has not been in-
vestigated in particular for want of suitable material. Undoubtedly, the moment will
come, sooner or later, when either the hyphee or the gonidia cannot get sufficient
inorganic nutrition, and thus the problem arises: Will the physiological state of
equilibrium between the hyphz and the gonidia be maintained? Will the gonidia
stop dividing, or will the hyphe kill and empty the last gonidia before they die
of hunger themselves? Nothing is known about this phenomenon in the case of
Catocarpon, but in some species of Rhizocarpon 1 succeeded in finding certain phen-
omena suggesting that the hyphee of the dying areoles ultimately devour the last
gonidia. Similar conditions are known in other crustaceous lichens too (see for
example Mycoblastus), and especially so in certain species of Cladonia.

Ecology. Our Danish species of Catocarpon grow exclusively on rocky substrata,
and their biological conditions may in many respects, as mentioned above, be con-
sidered simply as adaptations to life on rocky substrata, especially on sunny and
extremely exposed stones and rocks, on which our species support life under very
hard conditions.

g%



CATOCARPON APPLANATUM
(Fr.) Th. Fr.
(Plate 53—54—55—56—57—58—59—60—61).

Specimen 1. On granite. Bornholm. O. GaLLoE 1903.

The thallus is thin, areolate, brownish. The margin is black and radiating;
immediately inside it the youngest areoles arise in centrifugal order; at first they
are blackish-brown, later on they become purely brown. At first the areoles have
the shape of a low cushion, with a rounded outline; later on they become thicker,
irregularly angular by mutual pressure and often lobed by lateral incisions; their
surface is plane or more often slightly convex. Here and there between the areoles
narrow strips of thin, black inter-areolar ‘hypothallus’ are placed, in which
young black and young brown areoles together with young apothecia, directly origi-
nating from the ‘hypothallus’, may be discerned.

The hyphe of the areoles stand everywhere almost erect on the substratum
from the base to the surface. On the latter a dead, colourless cuticle occurs, in
which some few cell-lumina may be discerned here and there. A cortex composed
of brown hyphe with big cell-lumina and apparently without any (or at any rate
with very scanty) intercellular spaces occurs under the cuticle. The gonidial layer
is colourless and densely woven. The gonidia are 1-celled, without any haustoria.
The medullary-rhizoidal layer is brown like the cortex and densely woven.

The inter-areolarthallus (‘hypothallus’) is dark brown, composed of vertical
hyphe, which are not provided with gonidia and have no cuticle on the surface.

In the present specimen the margin of the thallus borders in part on a sterile
crustaceous lichen (an indeterminable fragment, presumably a Lecanora). It cannot
be settled with certainty which of the two species will gain the victory in the
competition for space. Moreover two fragments were observed, apparently belonging
to the same crustaceous lichen but situated just between the areoles of Catocarpon,
entirely surrounded by its thallus. In this place the thallus of the other lichen
seems bound to succumb to Catocarpon.

The apothecia arise in the ‘hypothallus’ between the areoles; whether they
may be formed in older areoles, provided with gonidia, cannot be settled with
certainty in the present specimen. They are at first approximately orbicular or
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faintly irregular in outline; the margin is thick, the disc minute and concave. La-
ter on they may become more irregular in outline, plane, and with a distinct
margin. At all ages they are quite black.

The stipes is composed of parallel hyphee, continuing above into a well
developed calyx, in which the hyphe radiate outwards towards the surface, on
which they stand erect, and intoa hypothecium with distinct ascogenous hyphze.
The paraphyses are embedded in a copious hymenial gelatine; they are branched
and faintly thickened at the tips. The asci are broadly clavate. The spores are
usually quite colourless or of a very faintly brownish colour, all surrounded by a
very thick ‘halo’. They vary much in structure: there are one, two or three trans-
verse walls, but in some few spores a few longitudinal walls must be added to
these, so that the spore may be slightly muriform. They are 30—40 u long.

The hyphze of the stipes are very dark brown (Fig. 147), likewise ai. the bot-
tom of the calyx, while the sides of the calyx are considerably lighter, nearly
colourless; the apical cells of the hyphe of the calyx are, however, sometimes
deeply dark brown. The hypothecium is nearly colourless or very faintly brown.
The hymenium is colourless everywhere except at the tips of the paraphyses, which
are dark brown. This distribution of colours is visible only in very thin microtome
sections. Thick sections exhibit quite different features.

Pycnidia were not observed.

Specimen 2. On stone. Eqholm by Skelskjor.

The present specimen agrees in nearly all details with specimen 1, in the
structure and development of the thallus, the margin of the thallus, the areoles,
the inter-areolar thallus, and in the anatomical structure of these parts; further-
more in the formation of the apothecia and in their morphological and anatomical
structure. The chief reason for mentioning and figuring it here is the occurrence of
pycnidia and some peculiar structural details of the spores of a single ascus. These
two details are more fully discussed in the description of the figures (Fig 168 and
173), to which is referred. '

CATOCARPON BADIOATRUM.
FLk.
(Plate 62—63—64).

On stone. Renne, Bornholm. GRONLUND.

The thallus is areolate; its natural margin is absent in the specimen examined,
but between the areoles there occurs a distinct inter-areolar thallus. The areoles
are at first roundish in outline; later on they become more angular, irregular, and
crowded. Their surface is at first convex; later on it becomes plane or somewhat
uneven. The colour is dark reddish-brown. The inter-areolar thallus (‘hypo-
thallus’) is thin and black; in some places it forms broad strips between the
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areoles, in other places it is quite narrow between the densely crowded areoles.
On the surface the areoles have a colourless cuticle of dead, compressed cells
formed by the dying-out of the apical parts of the cortical hyphee. This cuticle is
absent on the vertical sides of the areoles.

The cortex is formed of hypha standing nearly erect on the surface of the
areoles. The apical ends of the hyphz are dark brown; deeper down tbe hypha
are colourless, so that most of the cortex is colourless. The hyphae of the goni-
dial layer are more loosely interwoven, with more copious intercellular spaces.
The gonidia are 1-celled. Haustoria do not occur. The cells of the medullary layer
are mostly brown; those nearest to the gonidial layer are, however, colourless. The
loculi of all the hyphee, both in the cortex, the gonidial and medullary layers, are
rather short. -

The apothecia are in all cases formed apparently between the areoles, in the
inter-areolar thallus. In the specimen examined it cannot, however, be settled with
certainty whether a formation of apothecia in the fully developed areoles is im-
possible, but it is at any rate very rare. The outline of the apothecia is most
often somewhat irregular; at all ages they are rather plane. The margin is at first
rather distinct, later on indistinct or evanescent. The colour is at all ages almost
quite black with a faintly reddish-brown shade.

The stipes is high, well developed, composed of parallel hyphez, above merg-
ing partly into a hypothecium, partly into a calyx formed of hyphe, which ra-
diate outwards in all directions towards the surface of the apothecium, on which
they stand almost erect. The paraphyses are embedded in a thick hymenial gela-
tine; they are branched above and only faintly thickened at the tips. The asci
are clavate, their wall greatly thickened above. Most often they contain 8 spores,
which are 2-celled, somewhat constricted in the middle and surrounded by a halo.
They are 24—44 p long. By far the greatest part of the spores are dark, greenish-
olivaceous, but colourless spores (Fig. 176) were also found.

The stipes, the calyx, and the tips of the paraphyses are deeply red-brown
from a non-crystallized pigment deposited in the peripheral layers of the walls of
the hyphe, whereas the inner layers are almost colourless. Otherwise the hymenium
is colourless (Fig. 175).

Pycnidia were not observed.

As seen from the descriptions and figures this species agrees to a great extent
with C. applanaium as to structural details. The spores, however, are chiefly dark
and 2-celled, whereas in C. applanatum they are chiefly light. I found no longitu-
dinal walls in the spores of C. badioatrum and never more than two loculi, whereas
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a greater number of loculi together with some longitudinal walls were observed in
C. applanatum specimen 1. In order to emphasize this difference between C. appla-
natum and C. badioatrum it seems advisable to retain both names. Whether, how-
ever, one species can issue from the other and vice versa, whether they really ‘be-
long to the same species’ — as is the usual saying of botanists, although they
never define or explain the meaning of that phrase — will only be settled by
culture experiments.
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RHIZOCARPON Rawm.

Phylogeny. As mentioned more explicitly under the genus Catocarpon I con-
sider it very likely that Rhizocarpon is descended from Catocarpon and the latter
again from Buellia.

As a slightly muriform structure of some of the spores occurs in some species
of Catocarpon, whereas spores with a small number of cells arranged in one series
sometimes occur in the genus Rhizocarpon (e. g. in Rh. Oederi), the likeness and
transition between the two genera are thus evident. Other authors usually refer them
to one and the same genus, and with good reason too. Still, I retain both genera
separate for the practical reason that on principle I prefer each name of a genus
to comprise as homogeneous a collection of species as possible. The conception of
genus, it must be remembered, cannot — as little as the conception of species —
be defined briefly and logically. The natural, genetic relationship of the genera,
or of the species respectively, is so close that whenever we establish a boundary
between them it will, in consequence of the .nature of evolution, be an artificial
one, a construction of human thought, to which no analogue exists in nature.

If for instance we were to include in one genus all the species which may be
supposed to have descended from each other or from some known ancestor, we
should, in accordance with the considerations set forth under the genus Cafocarpon,
have to include the genera Buellia, Diplotomma, Catocarpon, and Rhizocarpon in one
genus with a common name on account of their probable phylogenetic connection.
Such a system of naming would, when being pushed to its consequences, lead to
the establishment of a sole genus including all the organisms of the world, sup-
posing they had all descended from one and the same primeval species!

Such a system of naming would be of little value. The same considerations,
however, hold good in the case of the very comprehensive genera or species, when
these are taken in so wide a sense that they are difficult to define. The proper or
most important significance of any name consists in its being the name of an
organism of a definite structure; in short, the name has primarily a certain
practical meaning, and, secondarily, it serves to express our views, more or

10*
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less hypothetical, concerning the real phylogenetic connections between the genera
and the species respectively. The result which we can arrive at in this way is very
modest and unfortunately always very uncertain. When authors subdivide a genus
into sub-genera and a species into sub-species, ‘forms’, etc., the majority of the
subdivisions are nearly worthless. Such subdivisions serve merely to express the
views of the authors (which have never been proved and perhaps can never be
proved) concerning the genetic conneclion of the individuals occurring in nature.
Moreover, the method has another great drawback: it creates a confusion
of names and a sub-dividing, carried by some authors to meaningless exag-
gerations.

It would be of considerably greater value to have recourse — to the greatest
possible extent — to a very minute division into small comprehensive genera
and into species comprising the most homogeneous collection possible of individuals.

On the basis of these considerations I retain both genera, Catocarpon and
Rhizocarpon, in order to comprise under each of these names the most homoge-
neous collection of species possible, although I am fully convinced of their gene-
tic connection.

In the present genus the boundaries between the so-called species are indistinct in
several cases, almost to a higher degree than in the genera hitherto described. The
authors have made great and laborious efforts to limit and define the ‘species’ as
clearly as possible, without however arriving at indisputable results.

Practically, it is very difficult to ‘determine’ the species of Rhizocarpon, partly
because they merge — to a great extent — insensibly into each other, partly be-
cause the authors have followed the old Linnean method of forming of each
species an average description, intended to comprise all the specimens of the spe-
cies occurring in nature, although the species occurring in nature frequently are
very imperfectly separated from one another. The result is that even the best
floras are of little use for the purpose of determining specimens.

Thus we are reduced to the type specimens of the museums, which of course
cannot be submitted to an anatomical research in detail and so are of little value
in cases of doubt when only a microtomising might remove our doubt. Without
embarking on a renewed criticism of the use, often made by botanists, of type
specimens and exsiccata of doubtful value — a use, which very often makes us
sceptical although a technique for determining lichens, based on such type
specimens, has been established in the course of time (all of which I have
discussed more fully in the introduction to Part I) — I wish to emphasize
that every plant-description which cannot be understood without a close examina-
tion of the type specimen must be looked upon as unsatisfactory. The only scien-
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tific method of plant-description is the one adopted and discussed in the present
work, viz.: to describe typical specimens (individuals), with which all other indi-
viduals gathered in nature may be compared, and in accordance with which other
specimens may be ‘determined’. It is then at any time possible, by quoting such
descripiions and referring to the accompanying figures, to illustrate to others how
this or that name is to be understood. In several cases, however, some doubt will
surely be felt whether the specimens to be determined really are identical with
those already described and figured. The number of type specimens described will
then have proved insufficient, and more individuals will have to be investigated.
Other methods will not suffice, and it does not at any rate further our knowledge
to acquiesce in names so badly defined as many lichen-names of the present day.

No doubt, some names employed in the present work do not at all agree with
the original definitions of the authors, in spite of my efforts to get at the proper
sense of the names in queslion. The views of the authors, however, concerning the
limitations of the species are extremely obscure in many cases. Be that as it may,
it is my hope that the descriptions given by me in this work will prove clear
enough to show how this or that name ought to be understood, and that remains
the cardinal point of every definition. Scarcely any other genus, so much as
Rhizocarpon, has made it evident to me how absolutely necessary it is to group
our individuals round, and name them after, typical single individuals described
and figured in accordance with the method employed in this book.

NATURAL HISTORY OF DANISH SPECIES OF RHIZOCARPON

The spore. In all our species of Rhizocarpon the spore is at first colourless
and retains this appearance even when it is ripe, e. g. in Rh. calcareum, reductum,
distinctum, Oederi, and danicum, whereas in the end the spores become dark in Rh.
grande and completely opaque and dark-brown in Rh. geographicum.

The least septate spores occur in Rh. Oederi, in which species the cells of the
spore are arranged in one series, separated from each other by three transverse
walls. Still less septate spores, however, sometimes occur in Rh. geographicum, in
which species the number of transverse walls in some cases is confined to one,
so that the spore becomes 2-celled; usually, however, the spore in this species is
septate by two or four transverse walls. The 2-celled spore in Rh. geographicum
has a thin halo; otherwise it bears great resemblance to the spore in Buellia, al-
though it is somewhat or considerably darker.

After the formation of the transverse walls of the 1st order, longitudinal walls are
formed in the primary cells. They are formed without any regular order; in some
spores the terminal cells are septate first, in other spores the middle cells first,
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In each of the primary cells one or several longitudinal walls may be formed,
frequently dividing the cell into four or more cells, with the longitudinal walls
most often placed at right angles to each other. The primary cells having been
divided in this way, secondary transverse and longitudinal walls may be formed,
so that the spore in some species may be greatly septate and muriform, as e. g.
in Rh. grande (Fig. 245).

All spores are provided with a gelatinized epispore.

In size they agree considerably more with Diplotomma than with Catillaria-
Bilimbia, which fact is evident from the figures, which are all drawn to the
same scale.

If we were to arrange all our species in one series, beginning with those that
have the darkest spores and most resemble the spores of Diplofomma, and ending
with those that differ most in this respect, we should have to begin with Rh. geo-
graphicum, which may sometimes have dark, yet thinly halonate spores, as men-
tioned above. Then Rh. grande would follow, and thereupon the species with col-
ourless spores, viz. Rh. danicam, Rh. distinctum, Rh. reductum, Rh. calcareum, Oederi.

However, it is not certain that the species have really descended from one an-
other in this order.

The germination of the spore was not observed in any species.

Morphology. In most of the species the thallus has a margin of a
more or less dark colour, frequently radiating centrifugally in all directions. It
is formed of hyphee, the dark (brown) pigment of which is usually deposited in the
outer parts of the cell-walls, while their inner parts are lighter or even completely
colourless. In some species the hypha creep parallel with the surface of the substra-
tum (e. g. in Rh. reductum, Fig. 186, 187), or they may have a somewhat more
irregular texture. In Rh. reductum the deepest, basal hyphe, directly in contact
with the substratum, are colourless, a fact which suggests that the dark colour of
the hyphee of the upper layers acts as a protection against too intense a light. In
Rh. obscuratum, in which the margin of the thallus is somewhat thicker, the inner
hyphze likewise very soon become lighter although they are still covered with
dark hyphee.

In the extreme peripheral parts of the margin of the thallus no gonidia are
met with; in this place the hyphe grow centrifugally over the substratum.

The margin of the thallus, in e. g. Rh. calcareum, is not formed of black
hyphe, but merges insensibly into the surrounding substratum without any di-
stinct limits.

From the black margin of the thallus a dark tissue is formed in some species,
spreading between the areoles. It is often designated by the authors as ‘hypo-
thallus’, although this term — as mentioned under Catocarpon — is very inade-
quate. I prefer to designate it as the inter-areolar thallus. It is very distinctly de-
veloped in Rh. distinctum, Rh. danicum, and certain individuals of Rh. geographicum.
In many places this tissue is of the same structure as the margin of the thallus,
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but not everywhere. In places where it has captured gonidia and initiated the dif-
ferentiation into areoles, it may still bear a macroscopic resemblance to the other
inter-areolar parts of the thallus, although it is provided with gonidia and occupied
in forming areoles, which later on always have another colour.

The areoles are organized in places where gonidia present themselves in the
margin of the thallus or in the inter-areolar thallus. A priori it seems probable
that the hyphe may be able to initiate a symbiosis both with alge which already
are lying on the substratum and gradually are overtaken by the centrifugally growing
marginal hyphe — and also with alge which have fallen on to the surface of
the margin. However, only the latter alternative has taken place with full certainty,
as shown in Fig. 206 (Rh. obscuratum) and Fig. 262 (Rh. geographicum). The
newly captured gonidia are immediately overgrown by hypha and incorpor-
ated in the lichen, and thus the areole is organized. As mentioned above, these
parts of the margin do not directly or suddenly change colour by this process, and
so they are not easily recognizable even when examined with a highly magnifying
pocket-lens, whereas they are immediately recognized in microtome-sections (Fig.
186 and 187, Rh. reductum; Fig. 236, Rh. grande). How densely the areoles will be
grouped in future depends upon the way in which they have been organized from
the beginning. If the alge have fallen densely on the margin, they will stand close
together, but their further growth may play some part too. In some cases the algee
evidently fall rather densely, and thereby the areoles are formed so close together
and very early become confluent in such a high degree that the inter-areolar thallus
can no longer be discerned in the fully developed lichen. In other cases the are-
oles are very distant from each other, with broad strips of inter-areolar thallus
between them (e. g. Rh. danicum, Rh. geographicum sp. 2).

As soon as the areole is constituted, the hyphe which are to form the future
gonidial layer become colourless, while the hyphze of the future cortex as well as
of the medullary and rhizoidal zones remain dark-coloured for some time. As in
Catocarpon the cortex of the areoles is identical with the upper hyphee of the mar-
gin of the thallus and of the inter-areolar thallus; for this reason a false notion
is conveyed of the mode of development of the thallus when the term ‘hypothallus’
is employed to indicate these tissues. The ‘hypothallus’ does not constitute a
hypothallus in the sense of the word that the areoles are simply formed on its
surface, but the areoles are in fact formed by a gradual, local transformation of
the hypothallus, during which it grows thicker; and its superficial hyphee change
colour when gradually they are transformed into cortical hyphee of the fully de-
veloped areole.

The newly formed areoles are small and in a certain sense greatly separated,
provided as each of them is with a special cortex of its own. When quite
young they are often cushion-shaped. By degrees they may increase both in height
and breadth. Both these categories of growth are intercalary.
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In the areoles the hyphee usually run very regularly from the surface of the
substratum upwards towards the surface of the thallus, on which they stand erect.
In Rh. geographicum (specimen 1) they run parallel with the vertical surfaces of
the areoles (Fig. 274). In several other species, provided with more cushion-shaped
areoles, they radiate somewhat more distinctly outwards in all directions, standing
almost perpendicularly on the lateral as well as on the horizontal surfaces of the
areole. The hyphee form a cortex, the cell-walls of which are usually darker in
colour, in accordance with the several colour of the thallus. The apical cells
of the cortical hyphe die away in several species and are transformed into a cu-
ticle forming a protective layer over the erect cortical hyphee. This cuticle gradu-
ally decays, peels off, and is constantly renewed by the cortex.

The hyphee of the gonidial layer are colourless and send no haustoria into the
gonidia. '

The gonidia are roundish and 1-celled. Perhaps they are partly cystococcoid,
partly pleurococcoid, but the question needs a close investigation by culture ex-
periments.

The medullary and rhizoidal layers are in some species well devel-
oped and in other species chiefly colourless. In others again they are somewhat
brownish or yellowish (e. g. in Rh. geographicum).

The apothecia are in most species placed between the areoles, but in some
cases they are formed in the interior of the areoles. They arise partly in centri-
fugal order, the young apothecia thus occurring near the margin of the thallus,
partly — as it seems — nearer the centre of the thallus among the older apothecia.
On the whole the apothecia seem capable of arising in all such parts of the thal-
lus as are still young and growing. The earliest stages of their development have not
been observed in any Panish species, but their appearance when ripe suggests the exi-
stence of a mode of development similar to that of Catocarpon.

All apothecia rest immediately on the substratum and are provided with a
well developed exciple composed of stipes and calyx formed of hyphte, which
rise from the surface of the substratum vertically upwards through the stipes, from
which they spread partly outwards and upwards through the calyx, partly verti-
cally upwards through the hypothecium and the hymenium, where they are trans-
formed into paraphyses. Accordingly, in the hyphee of the apothecia the same
tendency may be met with as observed in the areoles, namely the tendency to grow
chiefly vertically upwards from the substratum, and frequently the direction of growth
may be very distinctly followed from the substratum to the tips of the paraphyses,
e. g. in Rh. geographicum (Fig. 288) or in Rh. Oederi (Fig. 251). In Rh. geographi-
cum it is in some cases striking how little the hyphee of the exciple differ from the
ordinary vegetative hyphee of the areoles; they may even partly retain their yel-
lowish colour throughout the main parts of the exciple. Otherwise the hyphsz often
change colour; thus the stipes and the bottom of the calyx are always dark-brownish.
The same colour is often met with in the genuine hypothecium, i. e. the tissue
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just below the hymenium, where the ascogenous hyphe are placed. The ascogenous
hyphe are very distinct in most of the species.

The paraphyses are branched above and embedded in a thick hymenial ge-
latine. In several species two categories of paraphyses are met with: some of them
are brownish, densely crowded, with thinly gelatinized walls, while others are col-
ourless, with a thick hymenial gelatine, e. g. Rh. reductumm (Fig. 197), Rh. danicuin,
Rh. grande (Fig. 246), Rh. Oederi (Fig. 251 and 253).

The asci are clavate, broad or narrow. The spores are described above.

Pycnidia have not been observed in any Danish species, although I have
searched for them with great care. Soredia are not present in any Danish
species.

Biology. The essential biological qualities of the species of Rhizocarpon will
be understood in the main from the description of their structure. Some few sup-
plementary details are given here.

The margin of the thallus and the inter-areolar thallus are, as mentioned above,
engaged in the capturing of algw and the establishing of the symbiosis by the
formation of areoles. The fact that the extremest marginal hyphe frequently are
black constitutes perhaps an adaptation to the often violent insolations to which
they are exposed, as the species of Rhizocarpon very often grow on alpine mount-
ain-heights or on the most exposed rocks and stones of the lowlands.

The areoles often become much separated from one another. This circumstance,
too, is most likely caused by the hard conditions under which they live. For if
we consider the conditions gonidial alge are subjected to when falling on to a
naked rocky substratum side by side with an individual of Rhizocarpon, but out
of reach of the lichen, it seems most probable that they cannot support life
independently in such a place. On the other hand, if they fall on to the margin
of thallus, it is most likely an absolute necessity for their future existence that
they are instantly overgrown and covered by the hyphee of the lichen. That is just
what happens when the young areole is being organized: the gonidia are instantly
covered wilh a protecting layer of black hyphe, under which they begin dividing
and propagating. By degrees the areole is differentiated into the tissues described
above: the medullary, rhizoidal, gonidial and cortical layers with the cuticle. The
structure of these tissues is mentioned above.

The chief task of the rhizoidal hyphe is presumably that of absorbing inor-
ganic substances from the substratum, into which some hyphse penetrate to carry
out this function.

In some species, however, I observed certain facts which make this absorption
of inorganic nutriment somewhat doubtful: The examined specimens of Rh.
reductum, Rh. distinctum, Rh. danicum, and Rh. grande were all gathered on smooth
flint-stone with a very shiny surface, in part blown by sand-drift. It is scarcely
easy for hyphee to get a foothold on such a surface, and it must be supposed that
the hyphe are positively glued to it, although it is impossible to recognize any spec-

11
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ial structural detail which makes it intelligible how the lichens adhere to the
substratum.

Besides, in some cases the lichen was observed in places to have become loosen-
ed from the substratum, possibly owing to tensions of growth (Rh. grande, Fig. 230).
In such places new hypha project from the loosened lower surface of the thallus,
from which they grow downwards and establish a new connection with the sub-
stratum. I have formerly mentioned a similar phenomenon in ’Buellia petreea’ (in
Danske Likeners Qkologi, Tavle 5, Fig. 19d) and also in Catillaria Bouteillei (Part II.
Fig. 28).

It seems difficult to understand how the lichen is capable of procuring the
necessary inorganic nutriment when growing over a substratum of flint. Special
investigations are needed to answer the question as to what nutritive matter exists
in flint, and how it is utilized by the lichen, in spite of the predominant occur-
rence of silica. ’

From observations on other saxicolous lichens we know — as repeatedly point-
ed out in this work — that the thallus hesitates in growing over or does not at
all grow over pure grains of quartz. Similar phenomena may be observed in lichens
growing on flint; such lichens frequently convey the impression of being underfed.

In the gonidial layer the algee are often gathered into well-defined groups, which
are easily made out in very thin sections, e. g. in Rh. reductum (Fig. 186,187, 190),
Rh. obscuratum (Fig. 206), Rh. grande (Fig. 236), Rh. Oederi (Fig. 249, 250), and
Rh. geographicum (Fig. 266). In rather old areoles this phenomenon is no doubt
caused by the fact that the algee of such a group as a whole have been gradually
removed from the neighbouring groups of alge by the intercalary growth of the
areole, for during this growth new bundles of hyphee have been forced in between
the gonidia, which have thus been removed from each other. To a great extent the
algee of each group of alge may be supposed to represent the offspring of one
original cell or a few original cells of the same group.

As mentioned above, the hyphae form no haustoria; how the utilization of the
gonidia proceeds is therefore unknown. Here, too, we are faced with the problem:
what will happen to the gonidia when the areole at length becomes senile, which
must be the case, of course, when it has exhausted the nutritive matter of the
substratum to the depth accessible to its rhizoids, and when it has reached the
size allowed by surrounding conditions and by internal development? It ap-
pears that the hyphee of the areole will at length empty some of the gonidia of
their living contents. In old areoles rather numerous dead and empty gonidia are
sometimes found, the occurrence of which may perhaps be interpreted in this way.
On the other hand, the dead gonidia may be regarded as dead remains of gonidia
which have divided by free cell-divisions, thus having set free their daughter-cells.

In this connection it must be remembered that the possibilities of division
and propagation of the gonidia inside each single areole depend on and are absol-
utely limited by the possibility of growth allowed to the hyphae by the properties
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of the substratum. At a certain moment the gonidia must cease dividing because
the hyphe do not provide them with inorganic nulriment. They are then prevented
from dividing, and this fact, no doubt, means for them as for all other 1-celled
organisms senility and death. After death their cytoplasm disappears, whereas the
cell-wall is persistent. The hyphe may be supposed to utilize the dead cytoplasm
but not the walls. How the areole as a whole decays and dies out cannot be
settled by means of the material I have at hand.

That the thallus gradually dies out in the centre was observed with full cer-
tainty in Rh. danicum, in which species the thallus is capable of forming a fairy
ring (cp. the detailed description of this species).

Concerning the biological conditions of the apothecia there is not much to be
said in addition to the description given above. As regards the exciple, it is worthy
of note that the stipes evidently increases in height in order to keep — at any
time — the hymenium at the level characteristic of the species, the result being
that the stipes becomes lower between low areoles than when placed in the vicinity
of old, big areoles.

No observations of seasonal biological phenomena are at hand con-
cerning growth, the formation of apothecia, the ripening and shedding of spores,
etc. Future investigations must settle whether any connection at all exists between
the seasons and the biological phenomena pointed at.

About the duration of life of the species nothing is known beyond the fact
that undoubtedly they are all perennial and potentially immortal, as far as they
spread centrifugally over the substratum and scarcely die on their own accord but
are exclusively killed by want of nutriment or overcome by keener competitors
occasionally growing on the same substratum. Several species are, as mentioned,
extremely hardy plants, living on substrata insufficient for nearly every other spec-
ies of lichens, living e. g. on surfaces of stones broken by severe frosts, where the
decay and decomposition is as yet too little advanced to allow a settlement of more
exacting lichens, or on alpine mountain heights where the climatic conditions are
extremely hard on all plants.

About the ecological conditions of the species it is unnecessary to add any-
thing more. They are all saxicolous, and their structure and mode of living is
marked by this fact in numerous ways, as is made evident by the descriptions
given above.

11%*



RHIZOCARPON CALCAREUM.
WErs.
(Plate 65—66—67).

On bricks. Asserbo Ruin, Sjelland. O. GALLOE.

The thallus is almost orbicular, whitish. The margin merges insensibly into
the substratum; there are no distinct radiating hyphe, but the margin is formed of
extremely small, somewhat scattered, grains or areoles, which gradually become crowded
more closely together and at last melt into a continuous, even or slightly uneven,
thallus with numerous cracks and fissures but without any distinct areolation. The
cracks and fissures can scarcely be caused by desiccation (see Fig. 182).

The cortex is thick, formed of hyphe, the lumina of which are fairly di-
stinct; a cuticle is not developed. The hyphe of the gonidial layer are in structure
most like the cortical hyphe; there are, however, numerous intercellular spaces. The
gonidia are 1-celled. Haustoria do not occur. The medullary layer is colourless,
thick, built of hyphee with numerous intercellular spaces. In the cortex and the
medullary layer, but scarcely in the gonidial layer, are deposited numerous white,
partly angular partly roundish, grains of a substance, which has not been investig-
ated more closely, but which, judging from its occurrence, seems to be a product
of excretion.

The apothecia arise in rather regular rings concentric with the margin of the
thallus, but on the old parts of the thallus this regularity is effaced through the
formation of other apothecia arising without any order among the old ones (Fig.
179). In places the apothecia are found in groups of two or three. Their outlines, at
all ages, are rather irregularly angular or sinuose. The margin is thick and persist-
ent; at first it is greyish, of the samec colour as the thallus, and most often re-
tains this appearance when growing older, but it may, though rarely, become dark,
black as the disec, which is black and concave at all ages.

The stipes is well developed, composed of parallel hyphe, and continues above
into a calyx, the sides of which are rather thin near the bottom, above however
widening into a well developed, thick proper margin. The calyx is continued above into
the colourless hypothecium formed of vertical paraphysogenous hyphz, continuing
immediately into the paraphyses, and of distinct ascogenous hyphe. The para-
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physes are conglutinated and separate with difficulty from each other by pressure.
They are filiform, branched above, and scarcely thickened; in the vicinity of the
margin of the apothecium they are covered by a cuticle-like tissue, formed of their
own colourless tips. Bundles of darker paraphyses are scattered among the norm-
ally colourless ones.

The asci are long, narrowly clavate (appearing, however, broad in teased out
preparations (Fig. 184)); their walls are somewhat thickened above. They contain
eight colourless spores, about 26 .1 long.

The hyphee of the stipes are brown, and also those of the calyx; they are, how-
ever, a little lighter in the inner layers of the calyx in the vicinity of the hymenium.
Above, in the proper margin, there is a covering layer of lighter hyphee, imparting
to the margin the greyish shade, which is macroscopically visible. These light
hyphe are perhaps remnants of the thallus, which has been broken through during
the growth of the apothecium. The supposition, however, cannot be dismissed that
they represent the colourless apical parts of the dark hyphee of the calyx them-
selves. The sections do not settle this question with full certainty (Fig. 183). The
hypothecium is colourless, as also the asci and the paraphyses. The latter, how-
ever, are greenish-brown at the tips, but the paraphyses which stand nearest to the
margin of the apothecium are covered by the cuticle-like, colourless tissue men-
tioned above.

Pycnidia were not observed.

RHIZOCARPON REDUCTUM.
TH. Fr.
(Plates 68—69—70—71—72—73—74).

On flint. Sore. J. LANGE.

The thallus is thin, areolate, light reddish grey, with blackish-grey mycelial mar-
gin. The latter is finely radiating, and immediately inside it the thallus becomes
more reddish-grey from the formation of extremely thin and flat, densely grouped
areoles, joined at the base. The fully developed areoles are in part confluent, so
that the thallus also might be designated ‘rimose’, angular in outline, with plane or
faintly undulating surfaces.

The margin of the thallus is formed of horizontal, creeping hyphe, spreading
centrifugally over the substratum; their upper layers have dark-brown walls;
the deeper layers nearest the substratum are light. The hyphse are densely inter-
woven; intercellular spaces are very scanty. On this mycelial margin the first be-
ginnings of the areoles appear as small groups of green gonidia, embedded among the
dark marginal hyphee (Fig. 186) at intervals of about 0,2—-0,3 millimeter (in the figured
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section). The sections do not illustrate directly how the gonidia have arrived at
these youngest areoles, but the following possibilities may be imagined:

)

The gonidial algee may have fallen from the air on to the dark marginal
hyphe. In that case the marginal hyphe have sent branches over the go-
nidia and covered them, in which way they have been captured. It is thus
easily understood that the gonidia rest upon black hyphze.

The gonidia may previously have been lying on the substratum and were
gradually captured by the hyphae when during their creeping growth they
reached the algee. If this is the case, the hypha must partly have grown
over the alge and partly have forced their way in under them, for at later
stages the gonidia are, at any rate, lifted up from the substratum and em-
bedded among the hyphzee.

The modes of development, mentioned under 1 and 2, may both take
place, as they appear equally probable. On the other hand, it seems scarcely
probable that the gonidia should be carried centrifugally from the old
areoles outwards into the young areoles by means of ‘Schiebehiiphen’ in
the sense of NIENBURG, when the great distance between the areoles is taken
into consideration (Fig. 186). Each areole therefore seems at first to possess a
certain degree of independence, which, however, is not of very long duration,
as is evident from Fig. 189. It is seen from this figure that an old areole
may easily have a diameter, even surpassing the original distance between the
three voung areoles (in Fig. 186). This phenomenon cannot very well be
interpreted otherwise than by supposing that during their later growth the
originally independent areoles have become confluent, i. e. the spaces be-
tween the youngest arcoles, the inter-areolar thallus (‘hypothallus’),
have been provided with gonidia, which was not the case at the beginning.
From where these gonidia have come — whether they have fallen on to
the surface of the thallus in the spaces between the previously existing
young areoles and been captured there, or whether theyhave been carried there
by 'Schiebehyphen’ from the neighbouring areoles — cannot be settled
by the mere examination of microtome sections. The final result is un-
mistakable: the youngest, originally independent, areoles melt together in
groups, which fact is clearly evident from Fig. 188.

The ‘fully developed areoles have a cortex, which is very thick and well
developed but wants a proper cuticle. The lumina of the hyphe are rather distinct.
The walls are faintly brownish. The hyphe of the gonidial layer stand clearly
vertical and are brownish in the young areoles, but colourless in the old areoles.
The gonidia are 1-celled. Haustoria do not occur. The hypha of the medullary
layer in the young, but fully developed, areoles are placed horizontally nearest the
margin of the thallus, as a reminiscence of their original, mycelial character (Fig.
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189, the right areole). Later on the hyphe rise more upwards, finally standing al-
most vertical on the substratum, from which they continue into the vertical hyphee
of the gonidial and cortical layers.

The conglutination of the areoles manifests itself in their being connected at
the base by their gonidial and medullary layers (Fig. 189). The hyphe of the me-
dullary layer are brownish from a non-crystallized pigment.

The apothecia are originally arranged in centrifugal order and show a ra-
ther distinctly concentric arrangement. They seem to be usually formed in the spaces
between the areoles and do not rise very. much above the level of the latter. Their
outline is at all ages somewhat irregularly angular and sinuose, both when they
stand isolated and when they are crowded and in close contact with one another,
which latter is very common in the apothecia arranged in rings (Fig. 185). The
margin is thick and persistent, in part lighter than the disc, which is always dark,
almost black, plane or faintly undulating, more rarely slightly convex or concave.

The stipes is short, issuing from the very surface of the substratum and com-
posed of parallel hyphe, above forming a calyx, in the sides of which the hyphe
run parallel and upwards towards the surface of the apothecium. The ascogenous
hyphe of the hypothecium are not particularly conspicuous. In the hymenium may
be seen partly some paraphyses which are mostly colourless but with brown tips,
partly others running in broad bundles through the hymenium; the latter are
brownish in all their length and clearly represent a direct continuation of the hyphze
of the calyx. Between the light paraphyses the hymenial gelatine is very thick and
the paraphyses scanty; between the dark paraphyses the gelatine is extremely
scantily developed and the paraphyses very densely crowded. The asci are big;
their walls are thickened above. They contain eight colourless, multicellular spores;
about 35—50 u long.

The central parts of the stipes and the calyx are dark reddish-brown; the
peripheral parts of the calyx are much lighter, greyish. Above in the margin of
the apothecium, however, the calyx is again almost black from a non-crystallized
pigment deposited in the peripheral parts of the walls of the hyphe. The tips of
both categories of paraphyses are brown. Otherwise the description of the para-
physes given above is referred to.

Pycnidia were not observed.

In direct contact with the specimen examined two other specimens occur, separ-
ated from one another by dark margins (Fig. 185). The arrangement of the apothecia
indicates unmistakably that three originally independent individuals are present
(apart from the small, totally isolated, individual to the right of the others). But
just on the level with the small, isolated individual two of the adjacent individuals
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appear to be completely conglutinated along their margins, as the black borderline
between the individuals stops at a considerable distance [rom the margin. This
phenomenon is extremely interesting, and the highest importance must be attributed
to it, because it forces upon the observer the supposition that two lichen-individu-
als are capable of being grafted on one another. Do then the two individuals com-
pletely abandon their independent individualities, and in what does this individu-
ality consist? Or, do they grow, side by side only, over the substratum without
otherwise establishing any kind of mutuality? Concerning these questions we know
nothing at all, nor can we obtain any knowledge without establishing similar con-
ditions in culture experiments, by which the development of the mutuality may be
observed during as long a period as possible. It would, for instance, be extremely
interesting to investigate whether the apothecia would afterwards be arranged con-
centrically in proportion to each separate individual, or whether they would be
arranged concentrically to quite another point of the thallus, and, if so, what
point. Where would it be placed? As conditions now present themselves to the ob-
server, they only represent a momentary state of the living together of the individuals.

The relationship between this species and Rhizocarpon calcareum is very ob-
vious and is apparent from many structural details, e. g. the morphology of the
areoles, the structure and arrangement of the apothecia, etc. The main difference
consists in the fact that in Rh. reductum the margin of the thallus is distinctly
black and myecelial, and the medullary layer dark, while both are colourless in
Rh. calcareum. Besides, Rh. reductum has much bigger spores and asci than Rh.

calcareum.

RHIZOCARPON OBSCURATUM.
(AcH.) KOrs.
(Plate 75—176—77—178—179).

On sandstone. Nexo, Bornhoim. P. J. HeELLBOM.

The margin of the thallus is black and mycelial; its single hyphie are not
distinctly radiating. Just inside this margin the thallus becomes somewhat lighter,
whitish-grey from air inclosed between the hyphe. Inside this zone the thallus be-
comes gradually brownish [rom very thin, confluent grains, the young areoles,
which only in places are separated from each other by narrow fissures. Inside this
zone the fully developed thallus with its apothecia begins. In this thallus the_ are-
oles are usually separated from each other by deep, broad furrows, but here and
there they are, however, confluent too in a similar way as has been described under
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Rh. reductum. The outline of the areoles is very irregular, angular, and sinuose.
Their surface is undulating or rather plane.

The black colour of the margin of the thallus (Fig. 206) is due to a deep-brown,
non crystallized pigment occurring in the outer layers of the walls of the hyphze.
The hyphte usually run more or less parallel to the substratum, but not so
consistently as in Rh. reductum. The middle layers of hyphee in the margin of
the thallus, the future gonidial layer, are colourless. The margin of the thallus cap-
tures gonidial algee. And in this species we find, for the first time, an absolutely
sure proof of the supposition generally adopted that the gonidia can arrive at the
thallus by falling on to its surface (Fig. 206) and there be captured by the
hyphe. Provided that this process frequently takes place, and that the algae
fall rather densely on to the thallus, it is easily understood that the areolation is at
first very indistinct and does not become more pronounced till the big furrows are
formed. That furrows are formed at all — that the thallus does not remain quite
even and coherent, is presumably due to the fact that the thallus, for other biolo-
gical reasons, needs the furrows as a protection against casual lacerations by de-
siccation and as a system of channels for a rational and rapid distribution of water
falling on the thallus, a common phenomenon in saxicolous lichens, formerly dis-
cussed in this book, for instance under the description of the genus of Lecidea.

The fully developed areoles have on their surface a cuticle of dead cells but
no cuticle on their sides. Below the cuticle is found a cortex of brownish, living
hyphee, standing nearly vertical on the surface. The hypheae of the gonidial layer
are looser in texture, with narrow and numerous intercellular spaces. The gonidia
are 1-celled. Haustoria do not occur. The medullary layer is thick and chiefly
colourless, in places, however, provided with somewhat darker hyphe, remains of
the original dark margin of the thallus (‘hypothallus’). The hyphe are somewhat
looser in texture than those of the gonidial layer, with numerous intercellular spaces.
The areoles are connected with each other through their medullary layer, whereas
a distinct dark inter-areolar thallus (‘hypothallus’) is not visible between
the old areoles. The cortex is continued from areole to areole, but is thinner, and
without a cuticle, at the bottom of the furrows between the areoles.

The apothecid already arise in the parts of the thallus near the margin which
have not yet been individualized as independent areoles, and may consequently be
said to have been formed in the areoles, not in the spaces between them (Fig. 201,
204, and 207).

Their outline is at all ages rather irregularly sinuose or, more rarely, fairly
regular. The margin is thick and persistent, somewhat brownish and lighter than
the black, generally uneven disc.

The stipes is very short, issuing, however, from the very surface of the sub-
stratum. It is composed of parallel hyphe, which continue above into a calyx.
The boltom of the latter is continued immediately into the hypothecium; its
sides are formed of hyphs rising nearly verlically upwards and above forming a

12



90

margin. The ascogenous hypha of the hypothecium are not very conspicuous. The
paraphyses -are filiform, branched above, their tips scarcely thickened. Asci
are rather short and thick, their walls thickened above. They contain eight colour-
less spores, which are sometimes provided with transverse walls only, while
longitudinal walls may be absent. It cannot be settled with certainty whether this
fact represents their final or merely transitory structure. Their length is about
18—30 p.

The stipes and the bottom of the calyx are deep brown from a non crystallized
pigment, chiefly deposited in the outer layers of the walls of the hyphe. Among
these deeply coloured hyphee numerous, almost colourless, hypha are, however,
intermingled; they are not visible in thick, free-hand sections but easily recogniz-
able in very thin, microtome sections (Fig. 208). The vertical hyphee forming the
sides of the calyx are faintly coloured, light brownish; above, in the margin, their
apices are dark greenish-brown. The hypothecium is composed partly of colourless
hyphe, partly of brown hyphe, so that the general aspect becomes brownish. Some
of the brownish hyphe are continued as colourless paraphyses upwards through the
hymenium, intermingled with the far more numerous colourless paraphyses. Com-
pare with this fact the conditions existing in Rh. calcareum and Rh. reductum. All
paraphyses are brownish or olivaceous at the tips.

Pycnidia were not observed.

RHIZOCARPON DISTINCTUM.
TH. Fr.
(Plate 80—81—82—83—84).

On stone. Ranum.

The thallus has a black margin spreading over the substratum like a net-
work, in the open meshes of which the substralum itself may be discerned. In
many places distinct, black, radiating, mycelial hyphe issue from the margin. The
margin is continued as a well developed, black, inter-areolar thallus (‘hypo-
thallus’) between the areoles. These arise in the vicinity of the margin of the
thallus in the following manner: the margin of the thallus becomes more light-
brownish in places and is differentiated as areoles, which at first are somewhat
mottled by dark hyphe, the remnants of the marginal hyphe. The areoles pro-
bably arise in places where gonidia have fallen from the air on to the sur-
face of the thallus and been captured by it. The fully developed areoles have an
irregular outline, even if they stand isolated, and generally become still more irre-
gular by mutual pressure, where they are densely crowded.

The margin of the thallus is formed of hypha with blackish-brown walls. Scat-
tered gonidia may occur between them (Fig. 216).
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On the horizontal surface the fully developed areoles have a cuticle formed
of dead cells representing the apical cells of the cortical hyphe. The cuticle gradu-
ally becomes much thinner on the vertical surfaces of the areoles. The cortical
hyphe stand nearly perpendicular on the surface, and many of them have brown-
ish apices while others are colourless and without any distinct limits continue into
the cuticle, their upper cells gradually dying away and becoming compressed. The
cortex, too, is thinner on the vertical sides of the areoles than on their horizontal
sides. The hyphe of the gonidial layer are rather loose in texture, with short
lumina and numerous intercellular spaces. The gonidia are 1-celled. Haustoria do
not occur. The medullary layer is very thick, somewhat looser in texture than
the gonidial layer. The basal parts of the latter are in places, in the vicinity of the
substratum, faintly brownish. The hyphz stain blue with J-+ KJ.

The apothecia arise on the dark, inter-areolar thallus. There are no unmis-
takable proofs that they are also formed in the areoles (see, however, Fig. 212).
Their outline is at first rather regularly orbicular, but later they become more
oblong and irregular. The margin is thick and persistent, but may in part disappear
in some apothecia. The disc is at first concave, but in the end it is plane or con-
vex, frequently somewhat undulate.

The slipes is well developed and in direct contact with the substratum. It is
formed of parallel hyphe, above continuing into a big calyx-hypothecium. The
sides of the calyx are formed of hypha, running nearly vertically upwards to the
margin of the apothecium. In the hypothecium a number of big, ascogenous cells
may be discerned. The paraphyses are filiform, above branched and very faintly
thickened at the tips. They are embedded in a greatly developed hymenial gelatine.
The asci are short, broad; their walls are somewhat thickened above. They con-
tain eight colourless spores, which sometimes have only transverse walls but
most often longitudinal walls too (Fig. 219). The length is about 24—36 .

The hyphe of the stipes, the bottom of the calyx, and the hypothecium are
dark-brown. The pigment is non-crystallized and deposited in the outer layers of
the cell-walls. The interior parts of the sides of the calyx, nearest the hymenium,
are colourless; the peripheral parls, nearest the surrounding arcoles, are almost
black. The tips of the paraphyses are of the same colour; otherwise the paraphy-
ses are colourless.

Pycnidia were not observed with certainty.

In this specimen a portion of the margin of the thallus borders on the thal-
lus of another crustaceous lichen (apparently Lecanora sordida), which undoubtedly
overgrows the Rhizocarpon and is gaining ground. This fact proves that crustaceous
lichens do not always stop growing when they have covered the whole of the sub-
stratum. On the contrary, it seems more probable that even these lichens compete
for space with one another and dislodge one another.

12%
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RHIZOCARPON DANICUM.
O. GALLOE. NOV. SP.
(Plate 85—86—87).

On flint. Binneballe Sande by Vejle.

This specimen, which grows on a substratum of flint, is a good example
of the formation of a fairy-ring. Originally it was oblong, nearly orbicular; later
on, however, the centre of the thallus died out leaving the thallus ring-shaped and
even broken in two places. The figure of the habit shown in Fig. 223 represents a
fragment of this ring, the original margin of which is turned upwards in the figure,
while the portion of the figure turning downwards points towards the centre of the
thallus. In the fragment shown in the figure the thallus has regenerated and formed
a mycelial margin with radiating hyphzse, which are about to grow in a direction oppo-
site to the original direction, thus approaching the vanished central part of the
thallus.

The margin of the thallus is black, mycelial, and provided with fine, radiat-
ing hyphe growing centrifugally. This margin is continued between the arcoles as
a copiously developed, black, inter-areolar thallus (‘hypothallus’). The areoles
arise on it, presumably in places where gonidia have fallen from the air on to
its surface. The areoles are scattered or crowded. Their outline may be rath-
er orbicular, but often irregular by mutual pressure. They are low, cushion-shaped,
convex, with even or somewhat uneven surface. The colour is very dark-brown.
There is a thick cuticle of dead hypha and beneath it a cortex of dark-brown
hyphe standing perpendicularly on the surface. The hyph of the gonidial layer
are looser in texture, with numerous intercellular spaces. The gonidia are 1-celled.
Haustoria do not occur. The medullary layer is thin, formed of hyphae of the
same structure as those of the gonidial layer.

The apothecia arise in the inter-areolar thallus. They are scattered or gather-
ed in small groups of two or three. Their outline is rather regular. Their margin
is thick and persistent. The disc is concave, plane, or very rarely somewhat con-
vex and a little uneven. The apothecia are completely black at all ages.

The stipes is very short and is immediately continued into a calyx and a
hypothecium. In the calyx the hyphe run outwards in all directions towards the
surface, on which they stand erect.

In the hypothecium the ascogenous hyphe are quite distinct. The paraphyses
are filiform, branched, scarcely thickened at the tips, and embedded in a copious
hymenial gelatine. The asci are short, thick; their walls are thickened above. They
contain eight colourless spores, about 24—40 p long.

The hypha of the stipes, the bottom of the calyx, and the hypothecium are
deep dark-brown. The same colour occurs in the peripheral parts of the calyx and
the margin, whereas the interior portions of the sides of the calyx in direct contact
with the hymenium, are somewhat lighter. The same colour, a little more light-brown,
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mainly olivaceous, occurs in the tips of the paraphyses. Otherwise the paraphyses
are colourless.
Pycnidia were not observed.

The species, which is established as a ‘nova species’, is undoubtedly very closely
related to, and resembles in many respects, partly Rh. distinctum, partly Rh. grande.
If compared with Rh. distinctum piece by piece Rh. danicum shows a great resem-
blance to this species, whereas it differs from Rh. distinctum chiefly in the olivaceous
tips of the paraphyses and the totally brownish calyx, the smaller asci, and the thin
medullary layer, which does not stain blue by the addition of iodine. From Rh. grande
it differs — in spite of its great resemblance to this species — in the persistent
margin of the apothecium and its light colourless spores. How great a value should
be attached to the test of iodine is perhaps doubtful. Whether the present species
may develop by suitable culture from other species, e. g. Rh. grande or Rh. distinctum,
can be settled by experiment only. Until such experiments are made, it is at any
rate necessary to give the species a special name.

DercumMaNN BranTH formerly determined it as a Rh. reductum ThH. Fr., thus
evidently considering it closely related to the Rh. reductum of the present book.
The latter specimen Rh. reductum was determined by DEICHMANN BRANTH as a
Buellia petrea FroT. « genuina. If we read the description in Lichenes Danie
(p- 113), it is evident that BranTH considered these two forms to belong to one and
the same species and sub-species. Whether he was right or wrong in his determin-
ation can only be settled by experiment, and even if the two species, Rh. reduc-
tum and Rh. danicum, should be proved to be capable of developing from one another
under certain conditions, a separate, specific name must be given to each of them,
on account of their great difference in habit.

In ‘Lichenes Scandinavici’ TH. FrIES seems inclined to reserve the name of Rh.
reductum for the plant which I determine as Rh. danicum. However, I do not feel
quite sure of the Friesian limitation of the species in question. Apparently, we are
here faced with one of those innumerable cases where we cannot rely upon a col-
lective description of several individuals comprised in one ‘species’. Accordingly, I
was forced to give my plant a new specific name and give a description free from
confusion with other individuals.
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RHIZOCARPON GRANDE.
(FLk.) AnN.
(Plate 88—89—90—91—92—93).

On a smooth, sandblown flint. Skagen. E. WARMING.

The thallus is orbicular, the margin black and radiating, the areoles yellow-
ish-grey, even, somewhat shining.

The margin of the thallus is composed of horizontal, creeping hyphe, spread-
ing over the substratum in centrifugal direction. The black colour is deposited in
the outer layers of the walls of the hyphee. A colourless cuticle is developed, rest-
ing on the dark hyph:ze and formed of apparently dead hyphw with invisible cell-
lumina. Living, colourless hyphe are placed below them, forming a dense tissue
over the smooth substratum. In some isolated places of this tissue bundles of
hyphee penetrate into the cavities of the substratum.

The black margin is continued between the areoles as a thin, inter-areolar
tissue (‘hypothallus’), which is reticulate in places, thus rendering the substratum
direclly visible.

By degrees the young areoles arise in the margin, presumably in places,
where gonidia have fallen from the air on to the surface of the thallus (Fig.
229, 235, 236). They are at first scattered, but gradually they become crowded.
Their outline is rather regular at the beginning; later on they may become more
irregular by mutual pressure. They are originally convex, but later on they may
become more plane; most often, however, they are cushion-shaped, convex, when they
are fully developed. The old areoles cohere at the base, and where they are densely
crowded, no dark inter-areolar thallus is developed between them, but the cortical
layer as well as the colourless medullary layer is continued from one areole into
the other. The gonidial layer, however, is interrupted (Fig. 230).

The cuticle is highly developed on the horizontal surface of the areoles. It
is formed of dead cells, the lumina of which are discernible in places. On the ver-
tical sides of the areoles the cuticle is thinner. The cortex itself is thinner than
the cuticle and is formed of living cells with distinct lumina and brownish walls.
The hyphe of the gonidial layer are looser in texture with numerous, minute
intercellular spaces. The gonidia are 1-celled, apparently cystococcoid. Haustoria
do not occur. The hyphte of the medullary layer are still looser in texture than
those of the gonidial layer, with numerous intercellular spaces. The basal parts of
the medulla have sometimes brown hyph:e.

In the present specimen a phenomenon was observed which I have described
in my treatise on the ‘Ecology of Danish Lichens’ (1908), and which seems to be
rather common in crustaceous lichens (see, too, Catillaria Bouteillei, Part II Fig. 31
and 33), viz. in places the lichen separates from the substratum, presumably
owing to tensions of growth. Subsequently the lower surface of the substratum
forms new hyph:e, which grow downwards to establish a new connection with the
substratum.
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Later on we shall find that such circumstances occurring during its growth may
cause parts of the lichen to lose their foothold on the substratum. This phenomenon
may possibly cause the dying out of the central parls of the thallus of some
crustaceous lichens, the result being that the thallus becomes ring-shaped.

The apothecia seem to be exclusively formed between the areoles, in the
inter-areolar lissue. When young they are usually irregular, angular in outline,
either by mutual pressure or by pressure from the surrounding areoles. At first
they have a thick margin and a narrow disc. When older they rise above the level
of the areoles, grow in part over the areoles, and become more regularly orbicular
in outline, convex and without a margin. They are completely black at all ages.

The stipes issues from the very surface of the substratum and is highly de-
veloped, formed of parallel hyphe above continuing into a well developed calyx
which again above merges insensibly into the hypothecium and the hymenium.
The sides of the calyx are formed of hyphe rising up towards the surface of the
margin, on which they stand almost erect. The ascogenous cells of the hypothecium
are very distinct in many places. The paraphyses are of two types: the majority
of them are colourless at the base, thin and threadlike, branched above and very
faintly thickened at the tips, and embedded in a copious hymenial gelatine — other
paraphyses are darker and obviously constitute prolongations of the hyphte of
stipes-calyx; they have a poorly developed hymenial gelatine (Fig. 242), but are on
the whole of the same structure as the light paraphyses. The asci are broad, their
walls are thickened above. They contain eight spores, which at first are colour-
less, later on greenish-brown and finally darker brown, 26—34 u long.

The hyphe of the stipes and the bottom of calyx-hypothecium are dark brown
owing to a non-crystallized pigment deposited in the peripheral layers of their walls.
The hyphte constituting the sides of the calyx are nearly colourless at the base in-
places where they issue from the stipes, but above, in the margin of the apothecium,
they gradually turn black from a non-crystallized pigment deposited in the peri-
pheral layers of their walls. The lips of the colourless paraphyses as well as of
the brown ones are brownish.

Pycnidia were not observed.

The resemblance between the present species and the species mentioned above,
Rh. distinctum and Rh. danicum, is very great in nearly all respects, and their re-
lationship undoubtedly very close. On the other hand, how nearly they are related
cannot be settled through a mere examination of the individuals growing spontan-
eously in nature. Culture experiments are needed if the question is to be properly
answered. However, even if experiments should prove them capable of arising from
one another under certain fixed conditions, it would nevertheless be necessary to
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retain separate specific names in order to characterize their differing aspects and
structures.

On the whole, it must be remembered that the primary purpose for giving
specific names is to characterize plants of some fixed structure or other, secondarily
to express our opinions of their relationship.

In the general floristic description of Rh. grande the spores are more often
described as ‘dark’. In our present specimen, however, they are not pronouncedly
dark. Nevertheless I am inclined to think that our specimen chiefly conforms with
the species usually designated as Rh. grande, although it would perhaps be better
to give it a different specific name.

RHIZOCARPON OEDERI.
(WEB.) KORB.
(Plate 94—95—96—97—98).

On slone. Bavnebjerg by Helager in Fyen. E. RosTrup.

The thallus is minute, the margin is black, the areoles rust-coloured. The
black margin is exiremely thin and so firmly attached to the substratum that it
proved impracticable to detach it for microscopical examination. In some fragments
which were teased out no gonidia were found. The areoles arise in the black
margin, presumably in places where gonidial algse have fallen from the air on to its
surface. At first they are isolated; later on they become so densely crowded that
no inter-areolar thallus (‘hypothallus’) can be discerned between them. They are
confluent, so that in many cases it is impossible to distinguish their limits; accord-
ingly, their outline is quite irregular and their surface verrucose. The areoles are
connected with each other at the base.

The fully developed areoles are provided with a cortex of rather densely
interwoven hyphe with distinct cell-lumina and conglutinated walls without any
distinct limits. This cortex is continued downwards on the vertical surfaces of the
areoles from one areole to the other. In its upper layers a rust-brown excretion is
deposited among the hyphe. The hyphe of the gonidial layer are distinctly
looser in texture, with big intercellular spaces. The gonidia are 1-celled, cystococcoid.
Haustoria do not occur. The gonidia are found in the upper parts of the areoles
and form independent layers in each of the areoles (Fig. 251). The medullary
layer is thick, composed of loosely interwoven, colourless hypha with big inter-
cellular spaces. In the basal parts of the medulla the hypha are in some places
brown, somewhat thicker, and more densely interwoven than higher up in
the areole.

The apothecia most probably arise in the inter-areolar thallus. Apparenily

“they may be placed in the areoles themselves, and, of course, the possibility can-
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not be dismissed that they really may have arisen there (Fig. 248). However, from
the apothecia examined under the microscope it was evident that the apothecia of
apparently areolar origin nevertheless were placed between the areoles, the cortex
of which formed an abrupt borderline to the apothecia (Fig. 251). At first they are
rather regular in outline; but immediately from the beginning, too, they may be
irregularly sinuose. Later on they are always irregular. The margin is at first
thick; later on it becomes less distinct, because the disc gradually gets so verru-
cose that the whole surface of the apothecium becomes irregular and uneven, the
disc as well as the margin. The colour is black at all ages.

The stipes is formed of parallel hyphee, which rise upwards from the sub-
stratum and are continued into a calyx. The bottom of the latter is immediately
continued into the hypothecium and the hymenium, the hyphe running almost
vertically from the stipes to the surface of the epithecium. In the sides of the calyx
the hyphe likewise run upwards towards the surface of the margin of the apothe-
cium, on which they stand nearly erect. In the hypothecium the ascogenous cells
are very distinct in places but not everywhere. The paraphyses are slender, fili-
form, branched above, and scarcely or very faintly thickened. Two types of para-
physes may occur: some are colourless at the base and embedded in a thick
hymenial gelatine — others are darker, brownish, and gathered in considerably
denser bundles, with poorly developed gelatine (Fig. 251, 252, 253, and 254). The
asci are broad, constricted at the base; their walls are thickened above. They con-
tain eight colourless spores provided with exclusively transverse walls; length
about 22—24 .

The hyphee of the stipes and the peripheral parts of the calyx issuing from
the stipes and the dark paraphyses likewise issuing from the stipes are brown
from a non-crystallized pigment deposited in the outer layers of the cell-wall. The
same pigment occurs in all the tips of the paraphyses. On the other hand, the
parts of the calyx which are in direct contact with the hymenium are colourless.
The same holds good of the basal parts of the majority of the paraphyses and
also of the ascogenous cells of the hypothecium.

Pycnidia were not observed.

The relationship of this plant to other species of Rhizocarpon is not clear.
TH. Fries places it as a sub-species under Rh. distinctum. The two species do not,
however, resemble each other very much. When TH. Fries ranges it as a sub-
species, it is not clear wbat he means — or what the majority of authors mean —
in so doing. If he means to say that he considers Rh. Oederi as having originated
from Rh. distinctum and having been separated from it for ever, there is no reason
for retaining it as a sub-species. On the other hand, if he means to say that Rh.
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Oederi even at this day may issue from the spores of Rh. distinctum under certain
fixed conditions, it must be emphasized that such a consideration is extremely
improbable and at any rate can only be proved through culture experiments — which
have not been undertaken as yet.

As characteristic, well distinguished, and recognizable spontaneous types, each
of them deserves in any case to have a separate specific name, notwithstanding
their possible phylogenetic connection — and will deserve so in future too, even if
they should prove capable of issuing from one another.

RHIZOCARPON GEOGRAPHICUM.
(L) D.C.
(Plate 99—100—101—102 —103—104—105—106—107—108).

Specimen 1. On a tile. Frerslev.

The thallus has a black margin partly spreading free over the substratum,
partly bordering on an indeterminable fragment of another crustaceous lichen, with
which it competes for space on the substratum. It cannot be settled with any certainty
which of the competitors will force the other back. In the margin of the thallus
the areoles arise in places where gonidia fall on to the surface of the mar-
gin. This is made evident from Fig. 262, in which two gonidia are seen on the
point of being captured by the dark marginal hyphe. The latter creep over the
substratum, forming, however, a more irregularly branched system of hyphz than
in Rh. reductum. The deep dark-brown pigment is non-crystallized and chiefly de-
posited in the peripheral parts of the walls.

When the gonidia have been captured, the hyphee Whlch are in direct contact
with them become colourless while the hyphee both below and above this juvenile
tissue remain dark-brown for some time yet, so that the youngest areoles when
seen under a low power do not at all show their presence by the characteristic,
yellow colour with which the older areoles are provided. By degrees the youngest
areoles become a little more light-greyish, later on yellow (these transitions of colours
from black through grey to yellow are seen in Fig. 261). The young areoles are at
first somewhat confluent, but later on they become more clearly separated from
one another. Confluent areoles, however, may be met with in places. The outline
of the individual areoles is angular and irregular by mutual pressure, and an inter-
areolar thallus cannot be observed between them. They are, however, connected
at the base. The horizontal surface is nearly plane.

The cortex is in places cuticle-like and colourless, formed of dead, colourless
cells, which evidently represent the upper dead cells of the cortical hyphe. In
other places this cuticle is absent. The cortex itself is formed of yellow hyphe
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standing erect on the surface of.the thallus. The cells of the gonidial layer are
similar to those of the cortex, but the intercellular spaces are more numerous and
very minute. The hyphee are most often colourless; in some few cases, however,
they may be yellow. The gonidia are cystococcoid. Haustoria do not occur. The
medullary layer is of the same structure as the gonidial layer, apart from the
gonidia; it is rather thick, and the hyphee are yellow. Only the very lowest hyphe
near the surface of the substratum are brownish in places. The areoles are connected
with each other at the base, but the gonidia are not continued from one are-
ole to the other. All hyphe in the fully developed areole run very regularly per-
pendicularly upwards from the substratum, standing erect on the surface of the
thallus and parallel with the vertical sides of the areole (Fig. 274). The yellow pig-
ment is deposited in the whole wall of the hypha.

The apothecia may be formed both directly on the inter-areolar thallus and
in the margin of the areoles. Their outline is generally very irregular, especially in
the inter-areolar apothecia, whereas the areolar apothecia may be somewhat more
regular. The margin is low, but rather persistent; the disc is nearly plane or a
little irregularly verrucose, particularly in the young apothecia. The colour is chiefly
deep black, but faint shades of yellowish may occur both on the margin and on
the disc, which fact is easily understood by an examination of the anatomical
structure. :

The stipes issues from the very surface of the substratum and is usually
rather short in proportion to the slight thickness of the thallus. It is formed of
hyphe, which, like the common vegetative hypha of the areole, run almost per-
pendicularly from the base of the apothecium to its surface, or spread a little out-
wards through the calyx during the growth of the apothecium (see Fig. 265 and
275). In the hypothecium the ascogenous cells are very distinct in places. The
paraphyses are filiform, branched, and very much thickened at the tips; they
are embedded in a thick hymenial gelatine. The asci are constricted at the base
and contain eight spores, which are at first 1-celled, light-grey; later on 2-celled
(Fig. 283) and then pluri-locular and very dark, nearly opaque, with a faintly
brownish shade; length about 22—32 u. They are thinly halonate.

The colours of the interior parts of the apothecium vary a good deal, as seen
in Fig. 265, 266, and 267, in accordance with their different origin. The central and
basal parts of the stipes are chiefly dark-brownish; the same brown colour always
occurs in the peripheral hyphz of the calyx, whereas the inner parts of the calyx,
in direct contact with the hymenium, are either yellow or brown. The apices of
the hyphe of the calyx (in the margin of the apothecium) are deep greyish-black,
even if the other parts of these hyphee are yellowish. In places, however, the yel-
low hyphe of the calyx are pure-yellow to the very tips, which fact manifests it-
self by the presence of the yellowish portions of the margin of the apothecium
(Fig. 261) and even of the disc, in which the tips of the paraphyses may some-
times have a yellowish shade when the apothecium is very young. The hypothe-
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cium and its ascogenous hyphz are quite colourless. The tips of the paraphyses
are in the end greyish-black.

Pycnidia were not observed.

Specimen 2. On stone. Brudager, Fyen. E. RosTRuP.

The thallus has a black margin spreading freely over the substratum without
any hindrance from other lichens. Narrow ribbon-shaped bands of hyphee radiate
in places from the rest of the margin, which is reticulate here and there, so that
the substratum may be observed in the empty meshes. The black margin of the
thallus is continued as a black, thin, inter-areolar thallus between the areoles. All
the black parts of the thallus are of the same structure as in specimen 1.

On the margin of the thallus the areoles arise, very distinctly independent of
each other, as small cushion-shaped, yellow bodies, presumably in places where
gonidial algee fall on to the surface. The mature areoles are high, with a roundish
or fairly sinuose outline, here and there angular by mutual pressure, but most
frequently placed at a rather considerable distance from each other. Their surface
is markedly convex. The anatomical structure of the areoles is entirely like that
of specimen 1.

The apothecia are formed as in specimen 1, partly in the inter-areolar thal-
lus, partly in the margin of the areoles. Their internal structure is in all respects
like that of specimen 1, the following details excepted: All the hyphe, even the
paraphyses, of the apothecium are more or less brownish in colour. All ripe
spores are so dark-brownish that they are finally completely opaque and their
lumina invisible.

As regards details the plates are referred to (Fig. 288—300).

The relationship with specimen 1 is unmistakable in spite of the differences
in habit and anatomical structure. When in the present work they are referred to
the same species, it is my intention to point out that specimen 1 and specimen 2
probably may be genetically connected under certain conditions. Full certainty,
however, is not at hand in the present case, any more than in other cases among
the lichens. Culture experiments would probably settle the question.
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DIPLOTOMMA (Fw.) Korb.

Phylogeny. As mentioned elsewhere I consider it very likely that the genus
Diplotomma is descended from the genus Buellia. To some extent these genera may be
said to merge into one another so evenly that it would, perhaps, be most correct to
unite them in one genus. And formerly the authors did so to a great extent. When,
nevertheless, I separate Diplofomma from Buellia, it is because I have made it a
principle in this work to gather into each genus all the species which are as homo-
geneous as possible as regards the structure of the spores and the specific qualities
of the gonidia, in order to obtain the advantage of employing generic names com-
prising as homogeneous a collection of species as possible.

This principle cannot — as little as any other principle in systematic botany
— be carried through to its last consequences, because every establishment of
limits — specific as well as generic — represents artificial products of human
thought, which we may be in need of, but which are not really justified on phylo-
genetic grounds.

Intermediate forms between Diplofomma and Buellia may easily be pointed out,
e. g. Buellia triphragmia Nyl., which has partly 2-celled, partly 4-celled spores, so
that it may with equal right be referred to either of the genera in question. In this
work this species will be described under Buellia.

In the following it will be mentioned how the separate species and forms may
be imagined to have developed from one another. I have only to emphasize that the
genus comprises some extremely primitive lichens e.g." D. betulinum and D. albo-
alrum, growing on the bark of trees; from such forms the saxicolous forms may
be supposed to have descended.

NATURAL HISTORY OF DANISH SPECIES OF DIPLLOTOMMA

The spore is brown and when ripe sometimes 2-celled (see Fig. 242). Much
more frequently, however, it is 3-celled or 4-celled, or rarely up to 6-celled, with
the cells arranged in one series. On the other hand, longitudinal walls may some-
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times occur, imparting to the spore a distinctly muriform shape. All these forms of
spores may occur in the same apothecium or even in the same ascus. Their ger-
mination has not been observed.

Morphology. The thallus is crustaceous and provided with a margin, which is
sometimes composed of radiating, somewhat indistinct colourless hyphe, without
gonidia (Fig. 301, 302). Gonidial algee, which are gradually captured and embodied
in the thallus, fall on to the surface of the margin (Fig. 302, to the left in the
figure). Whether alge lying on the substratum previously to the arrival of the
hyphe are capable of being embodied, has not been directly observed but must be
considered as probable.

The thallus established by this union of the two components may either re-
main rather smooth, only provided with the roughness due to the substratum
(Fig. 301), or it may become more coarsely granular (Fig. 314, 316, 317). From
this form of the thallus, which occurs in corticolous species, there is a gradual
transition to the more pronounced granulate-areolate thallus of the saxicolous spe-
cies (Fig. 322).

How the cortical, gonidial, medullary, and rhizoidal layers are gradually dif-
ferentiated is described in full detail under each separate species, to which the
reader is referred. .

The development of the apothecia is in part known in one of the species,
viz. D. alboatrum (Fig. 308). In the case investigated was found a very young apo-
thecium, entirely embedded in the thallus and in no way betraying its existence by
any macroscopically recognizable sign; its was composed of a system of ascogenous,
big-celled hyphe, from which some few young and unripe asci were in the course
of formation. Numerous small-celled, paraphysogenous hyphe were intermingled
among the ascogenous cells. The two systems of hypha constitute together the
hypothecium, which is as yet quite colourless in the present state of development.
Whether one (or more) carpogonia, or any trichogyne, originally occurred could not
any longer be seen in the sections.

Densely interwoven paraphyses, already brown at the tips, occurred between
the asci. The whole of this tissue comprising the hymenium and the hypothecium
was surrounded by an exciple, composed of a distinctly limited calyx of hyphee,
placed below the hypothecium and rising from it upwards through the thallus; the
apical cells of the hypha are brownish. There was no distinct stipes, and the calyx
was as yet colourless, apart from its apical cells, but nevertheless it was distinctly
separated from the surrounding tissue which contained gonidia. The stipes, which
had not yet begun to develop, may by degrees become very much developed by
intercalary divisions of the hyphe of the calyx.

As seen in the figure (308) the whole of the cortex was still covered by the
cortex.

The ripe apothecium has a well developed exciple. In D. alboairum the stipes
is big, whereas the sides of the calyx (the margin) are relatively more slender; in
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D. betulinum the stipes is very short, whereas the calyx is well developed (Fig.
339, 340). During the development of the calyx it becomes entirely brown (D. be-
tulinum), or it may, even in the same individual, become either brown or colour-
less at the periphery. In the latter case the apothecium may take on a distinctly
pseudo-lecanorine aspect (Fig. 322 and 327). The inner parts of the calyx and stipes
are always brown.

The paraphyses are branched above, and their tips are brown. The asci are
clavate, and their walls are usually rather thickened above. They contain 6-8 spores,
the structure of which is described above.

Pycnidia were met with in D. alboatrum (Fig. 311, 312, 313). When ripe they
are wide open, embedded in the thallus and provided with a slightly developed
perithecium, which is not very distinctly separated from the surrounding tissues,
and which merges smoothly into the richly branched, conidia-bearing hyphe. The
upper branches of the latter are capable of producing conidia from the apical cell
as well as from the last cell but one (Fig. 313). The main part of the pycnidium
is formed of colourless hyphee except the ostiole, which is faintly brownish. The
conidia are long, rod-shaped, straight or faintly curved.

Soredia are met with in D. betulinum. In this species relatively big soredia,
which at first are slightly verrucose and covered with a greyish cortex, are formed
here and there on the thallus. Later on the protecting cortex is broken by the
growth of the soredia, and the soredia become visible as a greenish-yellowish pow-
der, framed by the surrounding cortex. Still later the cortex is completely forced
aside and becomes invisible like the evanescent margin of an apothecium, although it is
always present, concealed by the soredia (Fig. 332, 333). The structure of the soredia
is seen in Fig. 336.

Biological and ecological conditions will not be mentioned in detail at this
point, as they will be described in full detail under each separate species.
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DIPLOTOMMA ALBOATRUM.
(HorFm.) TH. Fr.
(Plate 109—110—111—112—113—114—115—116—117—118—119—120—121).

Specimen 1. On the periderm of Tilia intermedia. Aalbek 1904. O. GALLOE.

The thallus is thin, continuous, very light, whitish. The form of its sur-
face is almost entirely dominated by the roughness of the periderm. The margin is
colourless, mycelial, and merges insensibly into the periderm. It is composed of
hyphe without gonidia and is loose in texture, with numerous intercellular spaces.
The hyphee partly spread on the surface of the periderm, partly make their way
between the lamellee of the periderm, but show no marked sign of attacking it
chemically. The cells of the hyphee are very short. At a little distance behind the
margin the thallus becomes provided with gonidia (Fig. 302 and 304). This may,
at any rate, happen by algee falling on to the surface of the thallus and there being
captured by the hyphe (Fig. 302); on the other hand, it may presumably also
happen by the hyphe capturing alge lying on the substratum previously to the
moment when during their growth the hyphee arrive at the place concerned. The
captured gonidia divide and remain for some time, at any rate, gathered in rather
distinct groups, of which each may be supposed to have originally arisen from one
single alga. Later on the arrangement in groups disappears. On the extreme edge of
the margin of the thallus no differentiation into different tissues has as yet taken
place; it is not accomplished until otherwise the thallus is fully developed.

The thallus has a cortex, which is very thick and well developed. Its upper-
most parts are cuticle-like, rather homogeneous, formed of the dead apical portions
of the cortical cells. The deeper layers of the cortex is composed of living, short-
celled hyphe standing tolerably erect on the surface of the thallus and provided
with rather big intercellular spaces. The hyphe of the gonidial layer are ofthe
same structure as the deeper layers of the cortex. The gonidia are 1-celled, cysto-
coccoid. Haustoria do not occur. The medullary and rhizoidal layers are loosely
built, with big intercellular spaces.

The apothecia arise apparently without any order, young and old being
mixed together. It is, however, evident that young apothecia arise preferably in
young portions of the thallus, i.e. partly along the margin of the thallus, and partly
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in such places where older portions of the thallus by the growth of the periderm
of the substratum have been in part broken and renewed by regeneration. This fact
is clearly seen in Fig. 301, where the older lamellee of the periderm, which have
not lately been exposed to bursting caused by tensions of growth in the substratum,
are provided with the biggest and most developed apothecia, while the very young
apothecia occur between these in regenerated portions of the thallus, between which
even the substratum itself is visible in places, because it is still uncovered by the
regeneration of the thallus.

In the present specimen I succeeded in finding very young stages in the develop-
ment of the apothecia (Fig. 308). From my examination of the latter it appears
that a branched ascogonium, formed of big, easily recognizable hyphe and embedded
in the deep layers of the thallus near the surface of the substratum, is differentiated
at an early stage. The earlier stages of development of this ascogonium were not ob-
served in my anatomical sections, and so it could not be shown whether a tricho-
gyne existed at any moment. Among these ascogenous cells a tissue of numerous,
small-celled hyphe are found, which must be supposed to be identical with the
original thalline medullary hyphe. These two systems of hyphee constitute the
hypothecium, in which some quite young asci and paraphyses had already been
formed in the case examined. Round this primordium a thin, quite distinctly de-
veloped, faintly brownish calyx of erect hyphee had been developed, separating the
hymenium and the hypothecium from the surrounding parts of the thallus which
were provided with gonidia. Both the calyx and the paraphyses had faintly clavate
apical hyphe above, everywhere covered by the original thalline cuticle. The impres-
sion is conveyed that both the hyphe of the calyx and of the paraphyses are ordinary
thalline medullary hyphe, the upper cells of which are coloured dark but yet for
a while retain their cuticle-like dead apical portions, which will disappear later on.
In the section figured (Fig. 308) there was not yet a distinct stipes, but a tissue
sharply limiting the ascogonium from the periderm of the substratum is already
formed. This tissue represents the bottom of the calyx. When later on it increases
greatly in thickness and lifts the whole apothecium up above the level of the thal-
lus, the stipes is thus differentiated and becomes well developed in the ripe
apothecium.

The apothecia are slightly orbicular or a little irregular in outline. At first
they are rather plane, black, with indistinct, light remnants of the thallus on their
margin. Later on these remnants disappear, and the whole apothecium becomes
convex and black.

In the fully developed apothecium the stipes is composed of bundles of parallel
hyphe, partly dark, partly more light-brown, mixed together without any visible
order (Fig. 309). The stipes is continued above into a calyx, the sides of which are
composed of erect hyphz running upwards into the margin, on the surface of
which they stand erect, the apical portions being somewhat clavate and swollen
and of a brownish colour.

14b
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In the hypothecium is found a well developed, richly branched ascogonium
(Fig. 310), the branches of which may often be followed for considerable distances
in the preparations. The ascogenous cells are seen distinctly to vary somewhat in
length and form. Besides, it may be observed that several asci are capable of arising
in acropetal succession from the cells of one and the same hypha.

One phenomenon must be pointed out, because it may be of considerable im-
portance for a future investigation of the development of the asci and therefore for
the final interpretation of the phylogeny of the lichens and the Ascomycetes:

In several places I observed that cells belonging to different hyphee apparently
were anastomosed and in open connection with one another (see e. g. Fig. 310, the
left figure marked with asterisks). This phenomenon is perhaps to be interpreted
as indicating that a fertilisation is being accomplished between the cells concerned.
If so, the phenomenon establishes an important phylogenetic connection between the
Zygomycetes and the more primitive Ascomycetes together with Pyronema.

It must, however, be emphasized as being of the greatest importance that we
should not at once allow our imagination to run riot and draw extreme conclusions
from the observation in question. The smallest defect in the preparation or the
smallest mistake in the examination may lead the investigator into a belief in
phenomena, which should perhaps be interpreted in quite another way than the
first examination seemed to justify. It must not be forgotten either that the asco-
gonia in question are embedded among numerous paraphysogenous hyphe, which
are very thin and even in thin sections form a confusion of crossing hyphee, which
make observation very difficult. ,

I take the opportunity of recommending future investigators, who may take up
the old, but still unsettled question of the mode of development of the spore-sac for
renewed and much-needed examination, to give their attention to the occurrence and
interpretation of these anastomising cells. I myself consistently search for them in
all individuals described in this work, but I have not set myself the special task
of making inquiries into the question in preparations made solely for this purpose.
Some such procedure will undoubtedly be necessary in order to settle the matter.
Besides, the investigation will be difficult and require a long time.

The paraphyses are thin, their cells stretched. They are branched above,
and their tips are slightly thickened. The asci are clavate, greatly constricted at the
base; their walls are thickened above. They contain eight light-brown spores, pro-
vided with 3 or 5 transverse walls and, in rare cases, also a single longitudinal wall.

In the apothecium a non-crystallized brown pigment is desposited in the apical
portions of the hyphe of the calyx and the paraphyses and also in the central
parts of the stipes and the calyx, whereas the peripheral parts of the calyx are
colourless like the basal part of the paraphyses and the upper parts of the hypo-
thecium.

In the present specimen a single pycnidium was observed at a short distance
from the margin of the thallus. It was rather broad and wide-open. The perithe-
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cium is formed of hyphz running in part concentric and forming a thin perithe-
cium, from the inside of which hyphae issue radiating towards the centre of the
pycnidium. These hyphe are short-celled, branched above, and cut off from the upper
cells a long, thin and straight, or extremely slightly curved, conidium, the function
of which is unknown in this as in all other cases.

Specimen 2, on bark, Sore.

The thallus differs from specimen 1 in being of a pure whitish colour and
in its unevenly verrucose and farinose surface. No distinct mycelial marginal hyphee
occur. Anatomically it agrees completely with specimen 1 in almost all details.
It is, however, more verrucose, or perhaps more correctly, it should be designated
as indistinctly areolate. The farinose aspect is caused by an anatomical peculiarity
as shown in Fig. 319. From this figure it is evident that the cortex has a very
uneven surface. Moreover, it is thinner and to a relatively greater extent composed
of dead hyphe than is the case in specimen 1. The cells, however, which are in
direct contact with gonidia, are always living cells. The gonidial, medullary,
and rhizoidal layers agree completely with specimen 1.

The apothecia arise without any visible order, young and old mixed together.
Just before they break through the thallus, they are very easily recognized under
a low power in the microscope, although they are pure white owing to covering frag-
ments of the thallus. These fragments persist for a long time, partly on the margin,
partly on the disc, as a more or less copious pruina, which by degrees becomes
more and more scanty in proportion to the age of the apothecium. The outline of
the apothecia is slightly orbicular, or, more frequently, somewhat irregularly angular,
sometimes by mutual pressure. Originally they have a rather distinct, whitish-
pruinose margin, which later on entirely disappears, and as a whole the apothecia
become rather plane or very slightly convex. When they are fully developed, their
size is considerably smaller than in specimen 1.

In structure the apothecia agree entirely with specimen 1, so a detailed des-
cription is not needed. Only must it be pointed out that there may be some diffe-
rence in the distribution of colours, as seen in Fig. 315 and 316. From these it is
evident that the sides of the calyx may be either quite colourless (Fig. 315) or
coloured brown (Fig. 316).

Pycnidia were not observed.

As seen from the description specimen 1 and 2 differ somewhat in structure
as regards the details mentioned above. Nevertheless they are here given the
same name and would surely be so named by the majority of lichenologists.
If numerous intermediate forms exist, which I myself have not found to be the
case, it is possible that they may be referred to the same species in the sense of
the word that they may issue from one another under certain fixed outer conditions
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of life. However, even if this should be the case, it would perhaps be better to
give each of them its own name in order to point out the differences between them.

We are constanlly faced with this question in lichenology and in botany as a
whole: What purpose are we to pursue in giving a name? Are we to express
by a name our ideas of, or more exactly our belief in, the connection of the indi-
viduals as belonging to one and the same ‘species’, or are we chiefly to take into
account practical considerations and give different names to plants differing in
aspect, even if we are convinced of their phylogenetic relationship? It is difficult
to follow out one principle to its consequences, setting the other completely aside.
So much the more important is it to follow out this principle in the description of
plants: to keep the different individuals completely separated and not to make a
common description of them. In making such a description we run the risk of
establishing a kind of ideal individual, to which qualities are attributed which
cannot perhaps occur at all in one single individual, or which may even prove
irreconcilable for some physiological reason or other.

Specimen 3. On brick. Kaas.

The thallus has a margin growing out here and there into free, colourless, my-
celial hyphe, especially in places where the margin is in direct contact with grains of
quartz (Fig. 322). Where such grains occur, there are frequently empty meshes in
the thallus (Fig. 321) — a feature indicative of the fact that during its growth the
thallus hesitated as long as possible before overgrowing these mineral grains, which
as a whole are probably of no value for the nutrition of the plant. The fully de-
veloped parts of the thallus are whitish, indistinctly areolate or verrucose with
confluent areoles. In several places of the margin of the thallus and of the inner
margin round the grains of quartz which have not yet been overgrown, free alge
lie on the surface of the thallus (Fig. 322).

The cortex is chiefly composed of dead cells, formed by the gradual dying
out of the apical parts of the living hyphee in the deeper parts of the cortex. The
surface of the cortex is very uneven, which imparts a farinose aspect to the thal-
lus as a whole. Whitish, somewhat irregular, angular grains of a not closely
examined substance, which judging from its position must be regarded mainly as
a residual product, are deposited here and there among the dead cells.

The gonidial layer is loose in texture; its cells are rather short; there are
numerous big intercellular spaces. The gonidia seem to be cystococcoid. Haustoria
do not occur. The medullary and rhizoidal layers are very thick, formed
of a loose hyphal tissue, in which the cells are somewhat longer or even much
more stretched than in the gonidial layer, especially so in the parts of the thallus
which are nearest to the substratum.

The apothecia are not arranged in any recognizable order on the thallus,
young and old being mixed together. When the very young apothecia are on the
point of breaking through the thallus, they have. a thick, whitish margin and a
darker disc, which is marbled with a white pruina standing out in dark relief. Later
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on they become markedly convex or more rarely plane, usually provided with a
more or less whitish-pruinose disc. This disc is otherwise black, most often with
a rather distinct, thick, white pseudo-lecanorine margin, the lecanorine aspect of
which is caused by the presence of a colourless (white) cuticle on the edge of the
calyx, really belonging to the proper margin of the apothecium itself (cp. Fig. 326).

In nearly all other respects the inner structure and colours of the apothecia
agree entirely with specimen 2. Attention must, however, be drawn to the already
mentioned pseudo-lecanorine margin, which is more distinct in specimen 3 than in
specimen 2, and the structure of which is most easily understood by an examination
of Fig. 326. From this figure it is evident that the white cuticle is formed by a
transformation of some apical cells of the margin of the calyx, which is discoloured,
while the cells lying a little deeper are brown. The fact that the dark cells figured have
rounded walls only means that just these cells have not yet formed dead cuticular
cells, whereas in other hypha it may be clearly seen how the uppermost cell or
cells are colourless, dead and cuticular, while darker cells follow underneath. On
the whole, this phenomenon is not unfrequently met with, especially in lichens
where the thallus is provided with a dark cortex covered by a colourless cuticle.

Paraphyses and asci have the same structure as in specimen 2. In the
present specimen, however, the spores are geherally relatively a little broader and
the number of longitudinal walls a little greater, so that the spores as a whole
are more divided than in specimen 2.

Pycnidia were not observed.

The agreement between specimens 2 and 3 is quite obvious, even if, as shown
above, small differences may be pointed out. It would be a very important and
attractive task to find out whether such individuals as these, one growing on bark,
the other on a rocky substratum, belong to the same species in the sense of the
word that they may arise from one another under certain definite conditions of
life. If such researches bore out our argument, they would be of the very greatest
theoretical importance to a further experimental support of the doctrine of
evolution. The researches might perhaps reveal certain general rules for the way
in which crustaceous lichens of a primitive structure and growing on a more
original substratum (bark of trees) change their habit when settling upon a less
accustomed substratum (stone) — a process which has undoubtedly taken place in
many cases during the phylogeny of the whole group of lichens.



DIPLOTOMMA BETULINUM
(Heer.) TH. Fr.
(Plate 122—123—124—125—126—127).

On naked wood of Juniperus. Between Ry Maslle and Himmelbjerget.

The thallus is indistinct in most places and indistinctly bordered, grey. It
is extremely primitive in structure, and in that respect it takes up a position which
is as original as imaginable.

The margin of the thallus is dark in places, nearly black, and everywhere
formed of small, cushion-shaped endoxyline grains. The marginal hyphe make
their way between the cells of the substratum and are covered by them; by degrees
they capture any gonidial algee they meet with on their way. This will be evident
from an inspection of Fig. 335, where the marginal hyphe themselves are seen
covered in part by the periderm and on the point of capturing gonidia. Two of
the latter are still placed outside the lichen, inasmuch as they have not yet been
fully surrounded by hyphee. In this case, where the periderm affords a sufficiently
protecting cover over the hyphe, the latter are very open and loose in struclure
and provided with big intercellular spaces, whereas a cortex is absent.

Gradually the covering periderm-cells peel off more or less completely, and the
thallus becomes epixyline and gets quite a different structure. Where it has lately
been laid bare, it is still mostly homoeomerous (Fig. 333), although provided with
a thin, colourless cortex formed of living hyphee. The cortex is followed by a
gonidial layer of irregularly interwoven hyphe with distinct intercellular spaces.
The gonidia seem to be cystococcoid. Haustoria do not occur. The medullary-
rhizoidal layer is thin and slightly developed and does not differ considerably
from the gonidial layer.

Where it is more exposed to external influence, the thallus may have quite
another structure (Fig. 336); the cortex is very thick and rather dense; its single
cells are frequently somewhat indistinct, and many of them are distinctly living.
The uppermost layer of cells is purely blackish-grey. On the other hand, the other
tissues are not distinctly differentiated into separate tissues; there are numerous
intercellular spaces between the hyphe, the cells of which are rather short. No
distinct signs were seen of the hyphe influencing the substratum chemically.
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The thallus is not entirely continuous, naked wood being visible in places
between its different parts.

Soralia arise in considerable numbers on the thallus. Their mode of devel-
opment is seen in Fig. 330. From this figure it is evident how the soral at first
appears as a low greyish cushion with a verrucose surface. Later on the cushion
bursts in the centre, and the protecting cortex is forced aside by the yellow soredia
breaking through. Nevertheless, there remains a persistent margin formed of a
greyish cortical tissue round the soredia (Fig. 330 above to the right), and it may
still be recognizable in big, old soralia. Each single soredium only consists of some
few gonidia with surrounding hyphe (Fig. 334).

The apothecia are not arranged in any fixed order upon the thallus. At all
ages they are rather regularly orbicular, with a thick margin, which is whole or
faintly crenate and with a plane disc. They are black at all ages.

The stipes is extremely slightly developed, the exciple being almost formed
of the much developed calyx only. The bottom of the latter is composed of some-
what irregularly interwoven hyphe, which at the base merge insensibly into the
periderm and above continue partly into a very faintly brownish hypothecium,
partly outwards to the sides into the margin, in which the hyphe radiate in all
directions towards the surface, on which they stand erect. The ascogenous hyphz
of the hypothecium are little conspicuous.

The paraphyses are thin, branched above and with very faintly thickened
tips. They are embedded in a thick hymenial gelatine. The asci are very short,
their walls thickened above. They contain 6—8 spores, which are somewhat broad,
brown, with 1—4 transverse walls and some few longitudinal walls (Fig. 340). There
is no halo. The length is 14—24 pu.

The asci and the basal parts of the paraphyses are colourless. The hypo-
thecium is very faintly brownish, whereas the tips of the paraphyses together with
the whole calyx is rather dark-brownish (Fig. 337).

Pycnidia were not observed.

This species is evidently a very primitive lichen and gives us some idea of the
original structure of — perhaps — the plurality of the recent lichens when for-
merly they began their existence as newly lichenized fungi. I have no doubt that
their prototypes very nearly had the same structure of the thallus and began their
lichenization in this way, by capturing the alge which were accidentally present
on the substratum.

An examination of the structure of the soralia obviously suggests that they
simply represent portions of the thallus in which, as it were, the lichen-symbiosis
fails because the hyphez are not capable of keeping hold of the gonidia in a sym-
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biosis entirely dominated by the fungus, and for that reason the lichen becomes
leprose.

The consideration by REINKE of the soral being the genuine means of propa-
gation characteristic of the lichen-consortium is not supported by the presence of
that organ in one of the most primitive of lichens. I for my part do not regard
this opinion as probable either. This question, however, will be discussed in other
places when we are faced with the soralia of other lichens. —
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PLATE 1.

LECANACTIS ABIETINA.
AcH.

Thallus with apothecia and pycnidia of various ages. (X 26).
Vertical section of apothecium. (X 105).






PLATE 2.

LECANACTIS ABIETINA.
AcH.

Fig. 3. Thallus. Slightly developed cortex. Above to the left is seen a dead
gonidium. (X 840).

Fig. 4. Gonidia; in the middle two gonidia separated from each other. (X 840).

Fig. 5. Two contiguous apothecia. (x105).



PLATE 2.

0. Gallge del. LECANACTIS ABIETINA Acs.



PLATE 3.

LECANACTIS ABIETINA.
AcH.

Fig. 6. Longitudinal section of stipes, calyx, and the bhases of the paraphyses.
The scclion shows stipes-calyx at full length; nothing is cut away. Note the gradual
transition from the hyphe of the calyx to the paraphyses. (x840).

Fig. 7. Horizontal section of hymenium, showing transverse section of para-
physes and asci. (X 695).

Fig. 8. Margin of apothecium. Nole the striking contrast between the inner
dark calyx and the light hyphae of the peripheral parts of the calyx; the light
hyphe impart a pruinose aspect to the margin of the apothecium. (X 695).

Fig. 9. Four asci. (x840.)
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Fig. 10. Tips of the paraphyses, i. e. the epithecium. (x 840).

Fig. 11. Surface-view of pycnidia. (X 37).

Fig. 12. Verlical section of a pycnide, filled with conidia, which are some-
what conglutinated, so that they do not fall out of the pycnide by the cutting of
the sections. (< 157).

Fig. 13. Section through the perithecial wall, below bordering on the thallus,
in which two gonidia are seen. The conidia-bearing hyphea are colourless. (X 840).

Fig. 14. Three groups of conidia-bearing hyphe separated by the crushing of
a pycnide and showing the mode of branching and the conidia. (XX 1500).

Fig. 15. Three conidia, each of them containing a series of small, spheroidal
bodies of unknown chemical composition. (x1500).
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