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The development of wall layers in the ascus top and of omamentation of ascospores is
studied with the electron microscope in Scutellinia pseudotrechispora, §. umbrorum, §.
patagonica, S. trechispora, and 8. scutellata. In all species studied the ascus top shows a
roughly delimited operculum and ascostome, a subapical ring, and special plasmatic struc-
tares just beneath the operculum. Details of these structures, as found with different methods
of fixation and contrasting, arc summarnized. The structure and dehiscence mechanism of the
ascus as described here for Scutellinia are considered to be characteristic of the family Pyro-
nemataceae. The developmental pattern of the ascospore wall in §. pseudotrechispora is
different from that found in the other species, The secondary wall in this species develops a
complex structure not known from other representatives of the Pyronemataceac.

Recently, much attention has been paid to the taxonomy of the genus Scurellinia (Cooke)
Lamb., a well characterized genus of the Pezizales with a great number of species. Most
species possess ascospores with a characteristic pattern of ornamentation.

As shown by Svrcek (1971), Kullman (1982), and Schumacher (1990) there is a wide
variation in the ascospore ornamentation within the genus Scutellinia.

Earlier work on the ultrastructure of the ascospore wall in Scutellinia scutellata (L.:
Fr.) Lamb. and S. armatospora Denison |= §. trechispora (B.& Br.) Lamb.] was carried
out by Merkus (1974), while the ascan substructure was studied in S. armatospora by van
Brummelen (1978) and in §. scutellata by Samuelson (1978).

Despite these investigations, several problems of the fine structure of asci and asco-
spore ornamentation remained unsolved. Especially some components of the apical asco-
plasm, such as a tract, a funnel, and an apical globule, cbserved by Chadefaud (1942)
with light microscopy in Ciliaria [Scutellinia) hirta (Schum.) Boud. and in some species
of related genera, could not be traced in ultrastructural studies of Scutellinia and other
representatives of the ‘Otidea-Aleuria complex’ by Samuelson (1978).

In the present study five species of Scutellinia have been investigated with different
conventional and advanced methods of fixation and contrasting for the development of
their asci and ascopore ornamentation.

Unlike representatives of the families Pezizaceae, Ascobolaceae, and Sarcoscyphaceae,
most of the differentiation of the ascus top in species of Scutellinia can only be observed
in mature asci shortly before spore discharge.

Chemical fixation of mature asci poses two problems. The asci can easily collapse be-
cause of minor changes in the osmotic value of their contents and the primary wall of
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mature ascospores becomes resistant to fixation, embedding, and thin-sectioning. Often
the material is distorted and the structures difficult to interpret. In contrast material fixed
by ultra-rapid freezing followed by freeze substitution proved to be much more suitable in
this respect even though the dimensions of asci and ascospores are just at the limit of the
possibilities of this technique. The shape and arrangement of cytological elements are
found to be perfectly conserved. However, the good preservation of structure usually
decreases rapidly in zones more distant from the surfaces that have been in direct contact
with the freezing medium.

Different wall layers and even different wall regions of the ascus top show a different
capacity to take up water. As this imbibition changes when turgor falls or disappears, the
relative thickness of wall layers or regions may change considerably.

MATERIALS AND METHODS

The material used in the present study was collected in the Netherlands and in Sweden.
The following list gives more details of the specimens and their localities.

Scutellinia pseudotrechispora (Schrit.) Le Gal — van Brummelen 7861, on the ground, Hignen,
Femsj, Smoland, Sweden, 4.VIIL1989 (L): 8. umbrorum (Fr.) Lamb. — Huyser, on the ground, ‘De
Schouw” between Helmond and Someren, Noord-Brabant, the Netherlands, 31.V.1989 (L); §. patagonica
(Rehm) Gamundi — Huyser, on the ground, ‘De Schouw’ between Helmond and Someren, Noord-Brabant,
the Netherlands, 2.VI.1989 (L); §. trechispora (B. & Br.) Lamb. — Piepenbroek, on damp soil, Duursche
Waarden between Olst and Wijhe, Overijssel, the Netherlands, 19.VIIL1973 (L); §. scutellata (L.: Fr.)
Lamb. — van Brummelen 4070, on burnt wood, Nederhorst den Berg, Noord-Holland, the Netherlands,
12.V.1973 (L).

The apothecia were collected along with the substratum on which they were growing.
At the laboratory they were removed from the substratum and subsequently fixed for
electron microscopy, using different methods. Material of all species was fixed using
chemical fixation procedures with glutaraldehyde and potassium-permanganate (van
Brummelen, 1986). In addition, part of the material of S. paragonica and S. umbrorum
was fixed by using the ultra-rapid freeze fixation method followed by freeze substitution.

For rapid freeze fixation of the asci very small parts of the hymenium, containing a few
asci only, were spread out as thinly as possible, quickly brought into the narrow space of
a doubled 100 mesh copper grid, and then rapidly shot with the help of an injector into
liquid propane at -180°C. The frozen material was quickly placed in liquid nitrogen for
transfer to precooled small metal cylinders each containing 2 ml of a solution of about 1%
050y in anhydrous acetone.

Freeze substitution was carried out in a Reichert KF80 freeze substitution apparatus at
—80°C for about 72 hours. After this, the containers were allowed to warm up slowly to
about 10°C for two hours. After several rinses in dry acetone the material was infiltrated
with increasing concentrations of Epon over a period of 24 hours.

Longitudinal median ultrathin sections of asci were cut with a diamond-knife on a LKB
Ultratome I11. Sections were usually stained with Reynold’s lead citrate and uranyl acetate,
while others were stained with this and barium permanganate.

Selected sections of material fixed in glutaraldehyde or by rapid freezing were placed
on gold grids and treated with the Thiéry technique for polysaccharides (Thiéry, 1967).
The ultrathin sections were viewed with a Philips EM 300 electron microscope.
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Legends to Figures 1-10 (on pages 4-13)

Abbreviations used in figures: AG, apical globule; AS, ascostome; AW, ascus wall; CM, condensed ma-
terial; E, epiplasm; EN, endospore; EP, epispore; ER, endoplasmatic reticulum; FU, funnel; IL, inner
layer; IM, investing membrane; 1S, inner stratum; M, mitochondrion; N, nucleus; O, operculum; OL,
outer layer; OS, outer stratum; P, periascus; PM, plasma membrane or plasmalemma; PW, primary spore
wall; S, ascospore; SP, sporoplasm; SR, subapical ring; SW, secondary spore wall; T, tract or funiculus;
TS, wbular structure; V, vacuole; WZ, weakness zone. — The scale markers in all figures equal approxi-
mately 0.5 um. Unless stated otherwise, the illustrated material was fixed in 1% KMnOyg, post-fixed in
1% OsO,4 and contrasted with uranyl acetate and lead citrate.

Fig. 1. Scutellinia pseudotrechispora, electron micrographs of young and ripening asci. a, ¢. Young asci,
showing early development of subapical ring. b, d. Details of lateral ascan wall with subapical ring. ¢.
Idem, showing ripening wall, fixed in 1% glutaraldchyde and stained with uranyl acetate and lead citrate.

Fig. 2. Scutellinia pseudotrechispora, development of ascus top. a-c. Median sections showing details of
apical ascoplasm, d. Detail of ascus wall of almost mature ascus, fixed in 1% glutaraldehyde and contrasted
with Thiéry technigue.

Fig. 3. Scutellinia umbrorum, development of ascus top. a, ¢, d. Median scctions showing apical asco-
plasm, fixed by ultra-rapid freczing and freeze substitution and contrasted with Thiéry wechnique. b, Idem,
but contrasted with uranyl acetate and lead citrate.

Figs. 4a—-c. Scutellinia patagonica, development of ascus top, fixed by ultra-rapid freezing and frecze sub-
stitution and contrasted with Thiéry technique. a. Top of emptied ascus. b. Operculum of the same ascus.
c-c. Details of ripening ascus. — Fig. 4. Scwtellinia umbrorum, detail of apical ascoplasm, fixed by ultra-
rapid freezing and freeze substitution and contrasted with uranyl acetate and lead citrate,

Figs. Sa—c. Scwellinia trechispora, development of ascus top. a. Detail of emptied ascus near ascostome.
¢. Idem, lower part of lateral wall. b, Detail of mature ascus wall with zone of fracturing. — Figs. Sd-f.
Scutellinia pseudotrechispora, ascospore development. d. Early differentiation of secondary wall, fixed in
1% glutaraldehyde and contrasted with Thiéry technique. e, f. Idem, fixed in 1% KMnO4 and 1% OsO,4 and
contrasted with uranyl acetate and lead citrate.

Fig. 6. Scutellinia pseudotrechispora, ascospore development, a—c. Advanced differentiation of secondary
wall. d. Idem, fixed in 1% glutaraldehyde and contrasted with Thiéry technigue.

Fig. 7. Scutellinia umbrorum, ascospore development, fixed by ultra-rapid freezing and freeze substitution
and contrasted with uranyl acetate and lead citrate. a, b. Ripening ascospores. ¢, d. Details of secondary
wall.

Figs. 8a—d. Scutellinia patagonica, ascospore development, fixed by ultra-rapid freczing and freeze
substitution and contrasted with uranyl acetate and lead citrate. a, b. Differentiation of the primary wall. ¢,
d. Details of mature secondary wall. — Fig. 8¢. Scutellinia trechispora, detail of nuclear segregation in
VETY YOUNg ascus.

Fig. 9. Scutellinia trechispora, ascospore development, fixed in 1% KMnOy4 and 1% OsO,4 and contrasted
with uranyl acetate, lead citrate, and barium permanganate. a. Primary wall and very carly secondary wall.
b. Condensation of secondary wall material, ¢, d. Development of secondary wall, e. Detail of advanced
state of spore development.

Fig. 10. Scutellinia scutellata, ascospore development (a, ¢, d, f, fixed in 1% glutaraldchyde and 1%
0s0y: b, e, fixed in 1% KMnOy and 1% OsOy). a. Primary wall and early secondary wall. b-d. Con-
densation of secondary wall material. e. Development of secondary wall. f. Detail of advanced state of

ascospore development.
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Fig. 1 (legend on page 131)
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Fig. 2 (legend on page 131)
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Fig. 3 (legend on page 131)
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Fig. 4 (legend on page 131)
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Fig. 5 (legend on page 131)
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Fig. 6 (legend on page 131)
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Fig. 7 (legend on page 131)
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Fig. 8 (legend on page 131)
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Fig. 9 (legend on page 131)
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Fig. 10 (legend on page 131)
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OBSERVATIONS

The ascus top

For a comparison of ascus apices among representatives of the Pezizales to be of value
it is important to note the development and possible changes in the structure of the ascus
wall and the apical ascoplasm. The regions of main importance in the wall of the ascus top
are the operculum, the zone of dehiscence, and the subapical region.

Scutellinia pseudotrechispora — Figs. 1,2

Mature asci are cylindrical with a rounded tip, 200-260 x 15-20 pm.

In the young ascus, before and during early ascospore formation, the ascan wall
appears to be still undifferentiated, thicker throughout the lateral face, 540-630 nm,
and thinner at the tip, 300-380 nm (Figs. la—d). From the beginning the outer surface
of the whole ascus is covered with a rather electron dense extra-ascan layer or periascus,
which increases in thickness from 80-110 nm at the lateral face to 180-250 nm at the
top.

At the inner side of the lateral wall, about 5 pm under the tip, a ring-shaped band 800
1000 nm broad and 100-120 nm thick is formed (Figs. 1a—d). The initiation of this ring
is often signalled by the presence of an adjacent band of lomasome-like structures in the
ascoplasm (Figs. 1b, d). During further ripening at the inner face of the ascus wall an
inner layer is produced. This layer can be distinguished in the opercular region and near
the subapical ring (Fig. 1e) in KMnOy4- OsO,-fixed material,

With the Thiéry technique a thin reactive stratum 15—-20 nm thick just at the outside of
the inner layer can be demonstrated in the top of almost mature asci (Fig. 2d). This outer
stratum of the inner layer is more reactive in the region of the operculum and near the sub-
apical ring.

In the mature ascus the inner layer increases in thickness from 30-45 nm in the lateral
wall and 45-60 nm at the level of the subapical ring to 120-150 nm in the opercular
region. Over the same distance the outer wall layer decreases from 500-540 nm in the
lateral wall and 200-260 nm near the subapical ring to 180-210 nm in the opercular
region.

The apical ascoplasm or ‘acroplasm’ is rich in endoplasmatic reticulum, the elements of
which rearrange to form a more or less central bundle (Figs. 1c, 2¢). This tract or fun-
iculus can be followed from the inner face of the future operculum, where it is forming
an apical funnel, down to the lateral side of the uppermost ascospore (Figs. 2a—d). The
tubular elements of the funnel are usually found closely attached to the future operculum
by a plate or sheet, 80-120 nm thick, of two or three layers of closely adpressed and
interwoven tubules. These tubules reach a diameter of about 30 nm at the outside and
15 nm at the inside, which closely corresponds with the other elements of endoplasmatic
reticulum in the ascus.

Even at full maturity no structural evidence for the rupturing of the operculum can be
found in the ascus wall. No indentation or other preformed superficial structures demar-
cate the place of the future operculum (Fig. 2a). The place of the formation of a zone of
dehiscence is just indicated by a region of wrinkling of the inner wall layer and the margin
of the attachment of the funnel (Fig. 2d).



Van Brummelen: Ascus and ascospore wall in Scutellinia 143

The lines of fracturing in the inner and outer layers do not exactly correspond, while
the fracture will occur within a relatively broad zone. This results in rough, more or less
torn, margins of the operculum and the ascostome. The operculum reaches a diameter of
about 8 pm.

Scutellinia umbrorum — Figs. 3, 4f

Mature asci are cylindrical with a rounded or slightly flattened tip, 220-300 x 14-20
wm.

In the young ascus the wall is still undifferentiated, slightly thicker at the sides than
at the tip. When examining material fixed by ultra-rapid freezing, followed by freeze sub-
stitution and contrasted for polysaccharides with the Thiéry technique the wall layers
can be distinguished (Figs. 3a, ¢, d). Rather early a reactive (electron dense) subapical
ring is formed at the inner face of the lateral wall about 6 pm behind the tip. At first the
subapical ring is about 600-700 nm broad, but it may reach 1600 nm with maturity of the
ascus.

At the later stages no increased activity of the endoplasmatic reticulum at the level of
this ring could be seen. An eclectron dense inner layer, 130—180 nm thick in the lateral
wall, reaches a thickness of 300 nm in the opercular region. An electron transparent outer
layer is rather constant with a thickness of 310—350 nm. The reactive periascus is present
from the beginning with a thickness of 300-350 nm over the whole ascan surface. At the
top of the ascus it is often difficult to distinguish the delimitation of the periascus from the
outer ascan layer, because a thin, also reactive, outer stratum has been differentiated in the
latter (Figs. 3a, c, d).

The apical ascoplasm in the ripening ascus is rich in endoplasmatic reticulum, small
vacuoles, and mitochondria (Fig. 3c). Elements of the endoplasmatic reticulum unite to
form a more or less central tract (Fig. 3b), which connects the lateral side of the upper-
most ascospore with the opercular region (Fig. 3b). At the top, the tubules of the tract
form an obconical figure or funnel, usually with a central apical globule inside (Fig. 4f).
A sheet of two or more layers of interwoven tubules of endoplasmatic reticulum above the
funnel covers the inner face of the future operculum. The dehiscence mechanism shows
the same pattern as in S. patagonica.

Scutellinia patagonica — Figs. 4a—e

Mature asci are cylindrical to subcylindrical with a rounded tip, 240-300 x 22-25
pm.

The young ascus shows an undifferentiated wall and an electron dense strongly muci-
laginous periascus of varying thickness, 150-500 nm.

In material fixed by ultra-rapid freezing followed by freeze substitution and contrasted
with the Thiéry technique the wall layers can be clearly distinguished. At the inner face of
the lateral wall about 6.5 pum behind the tip a ring-shaped reactive band about 600 nm
broad is formed. During further development this subapical ring is found again somewhat
deeper as a reactive band at the outer face of the outer stratum of the inner wall layer (Figs.
4c, ), and after ascus dehiscence at the lower end of a strongly swollen ring-shaped zone
of the inner wall (Fig. 4a). A rather strongly reactive inner layer is shown only about 50—
60 nm thick in the lateral wall and in the subapical ring, increasing in thickness to 150-
200 nm in the opercular region.
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The less reactive outer layer is most conspicuous with a thickness of 260-350 nm in
the lateral wall, decreasing to 180-220 nm in the tip.

Under optimal conditions a contrasting sublayering of both the inner as well as the outer
layer can be observed. In the opercular region within the inner layer an inner stratum of
about 110 nm thick of strong reactivity can be followed in close contact with a slightly
less reactive outer stratum of 120150 nm thick (Fig. 4c). At the margin of the future
operculum the outer stratum decreases rather abruptly in thickness, while its delimitation
becomes less distinct in the zone of dehiscence and again more evident around the sub-
apical ring. In the outer layer a thin moderately reactive outer stratum of 40—-60 nm can
be followed in places where it sufficiently contrasts from the almost equally reactive
periascus (Figs. 4c—e).

At maturity the site of the margin of the future operculum is not marked by an inden-
tation or a preformed weakness zone. Dehiscence takes place in a zone between the sub-
apical electron transparent zone and the area of abrupt decrease in the thickness of the
outer stratum of the inner layer in the top.

In the apical ascoplasm of the ripening and mature ascus a funnel and a tract can be
found (Fig. 4c). After discharge of the ascospores, the operculum, with a diameter of
9-13 um, remains attached to the ascostome by a narrow hinge.

In the emptied ascus layers may swell considerably by imbibition. Especially the inner
ascan layer near the subapical ring swells disproportionally (Fig. 4a). Cleavage of the wall
of the operculum and of the ascostome occurs along the face between inner and outer layers
or the ‘thimble-shaped lamina’ (van Brummelen, 1978).

Scutellinia trechispora — Figs. 5a—c

Mature asci are cylindrical with a rounded tip, 240-300 x 20-24 um.

The development of the ascus top is very much the same as decribed here for S. pseu-
dotrechispora. A short, more functional description of it was given earlier (van Brumme-
len, 1978; as S. armatospora).

The different layers of the apical wall are easily visible in the mature ascus just before
dehiscence (Fig. 5b) and after spore discharge (Fig. 5a, ¢), when examining KMnOj-
0s0,4-fixed material.

Scutellinia scutellata

Mature asci are cylindrical with a rounded tip, 220-300 x 18-22 um.

The development of the ascus top of this species also closely agrees with that describ-
ed here for S. pseudotrechispora (see below). It has also been the subject of a study by
Samuelson (1978).

The ascospore wall

The ultrastructure of the early development of ascospores in these species of Scutellinia
closely accords with the general process, in which after three nuclear divisions eight
nuclei are formed. Each nucleus becomes enclosed in a double unit membrane (Fig. 8e).
The primary wall is formed between these membranes; the inner one becomes the sporo-
plasmalemma and the outer one the investing membrane of the ascospore. The substance
of the primary wall is electron transparent in permanganate and glutaraldehyde fixed
material,
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In the species studied the young undifferentiated primary wall may reach 700-1000
nm in thickness. In mature spores this will be reduced to 500-750 nm.

The development of the primary wall continues during further ripening. In the outer
zone of the primary wall a series of up to five closely spaced electron dense bands be-
comes evident, and form the epispore with a thickness of 90-110 nm (Figs. 6c, d; 8c,
d; 9e; 10d—f). It is this layer which develops, at full maturity of the spores, a resistence
against the chemicals of fixation and embedding. The primary wall is usually rather uni-
form in appearance and forms the most constant part of the ascospore wall.

Between the outer surface of the primary wall and the spore delimiting membrane the
secondary spore wall is formed as an extra layer. The substance of this layer is rather
homogeneous at first and increases in electron density. The development of the secondary
wall is of great importance for the formation of the ornamentation on the ascospores and
differs slightly in each of the species under investigation.

Scutellinia pseudotrechispora — Figs. 5d—f, 6

In material fixed in glutaraldehyde-OsO, or in permanganate-OsO, the secondary wall
shows a moderate electron density and further increases in density without forming cen-
tres of condensation (Figs. 5d, e). Secondary wall material is deposited in very large quan-
tities. The investing membrane becomes locally strongly elevated up to 2 pum or more high
(Figs. 5f; 6a—d). The internal differentiation of the secondary wall becomes rather com-
plex with large subglobose areas of somewhat lower electron density at the periphery and
caps on the epispore, showing a tubular or laminose substructure (Figs. 6a, ¢, d). The
ornamentation of mature ascospores consists of a wide network of crests up to 3.5-6.0
um high.

Scutellinia umbrorum — Fig. 7

The material fixed by rapid freezing and freeze substitution with OsO, and contrasted
with uranyl acetate and lead citrate shows an electron transparent initial secondary wall
(Fig. 7a) gradually increasing in density and then developing centres of condensed mate-
rial on the surface of the epispore (Figs. 7b, c). Between two developing spores an area
of mutual contact between their investing membranes can often be observed (Fig. 7d).

The condensed material increases to form a pattern of isolated rounded warts of un-
equal size 0.6-1.5 pm high. With maturity the rest of the secondary wall disappears.

Scutellinia patagonica — Figs. 8a—d

The freeze fixation gives the young spores a very natural look (Figs. 8a, b). The sporo-
plasm shows a globular nucleus, endoplasmatic reticulum, many vesicles with different
contents, mitochondria, and a smooth plasmalemma.

The differentiation of the secondary wall is very similar to the process described for
S. umbrorum. Here also a pattern of isolated rounded warts, 0.5-1.0 pm high, develops.

Scutellinia trechispora — Figs. 8¢, 9

The permanganate-OsO,-fixed material has been given extra contrast with barium
permanganate. This shows the development of the secondary wall clearly. The initial
secondary wall is rather electron transparent (Fig. 9a). In the somewhat homogeneous
substance of the secondary wall electron dense condensed material forms centres on the
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surface of the epispore (Fig. 9b). With increase in thickness of the secondary wall these
centres grow to form homogeneous electron dense conical warts on the outer surface of
the globular spores.

The development of some of these warts is restricted by the contact of the spore in-
vesting membrane, which prevents free growth at the tip (Figs. 9c—¢). At maturity the
ornamentation consists of isolated conical and truncate warts 1.0-2.2 pm high.

Scutellinia scutellata — Fig. 10

In material fixed in permanganate-OsQOy and in glutaraldehyde-OsOy the electron
transparent primary wall develops on its outside a more electron dense secondary wall.
This is homogeneous at first (Fig. 10a), but soon increases in thickness and develops
centres of condensed material in the vicinity of the epispore (Figs. 10b—d).

The appearance of the secondary wall becomes more granular. On the epispore warts
are formed that may fuse laterally (Figs. 10e, f). With maturity the rest of the secondary
wall material disappears. The mature spores are ornamented with a rather irregular pattern
of short lines and isolated warts 0.3-0.7 pm high.

DISCUSSION

The species of Scutellinia studied show a very similar structure of the ascus top. The
results obtained with different methods of fixation and contrasting have given additional
information. The combination of rapid freeze fixation and contrasting for polysaccharides
with the Thiéry technique proved to be especially valuable. The results when compared
with other methods were not found to be contradictory.

The structure of the ascus top is summarized in a diagrammatic scheme (Fig. 11). The
ascus top in Scutellinia is characterized by the almost complete absence of structural indi-
cations of the demarcation of the operculum.

In the operculum an outer stratum of the inner layer be recognized which decreases
rather abruptly in thickness at the margin of the operculum region. Somewhat at the
outside of this region the wall becomes electron transparent with all methods used. Only
after use of the Thiéry technique the outer stratum of the inner layer can be vaguely fol-
lowed. This stratum becomes again more evident in the subapical region. It corresponds
exactly with the earlier described ‘interrupted thimble-shaped lamina’ (van Brummelen,
1978).

The development of the subapical ring begins in the young ascus. Electron dense
material is deposited as a band on the inner face of the wall rather far behind the tip of
the ascus. Later the material of the inner layer is deposited over the whole inner face of
the ascus and the band of the subapical ring becomes located at the limit of the inner and
the outer wall layers.

In the living ascus the subapical ring is scarcely visible as a thickening of the wall. But
in non-living material, when the turgor of the ascus has strongly decreased or the wall has
collapsed, there is a strong swelling at this place in the inner layer. This swelling corre-
sponds with the structure described as *bourrelet sousapical’ by Chadefaud (1942).

Both after physical and chemical fixation in the apical ascoplasm a tract, an apical fun-
nel, and an apical globule are found, more or less shaped as described by Chaudefaud.
The attachment of the tubules of the funnel to the wall of the opercular region strongly
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Fig. 11. Diagrammatic sections of ascus tops of Scutellinia, as scen with electron microscopy. a. Almost
mature ascus. b. Ascus after spore discharge.

suggests a function in the opening mechanism of the ascus top. Samuelson (1978) was
not able to find these plasmatic structures in the species of his ‘Otidea-Aleuria complex’.

The type of ascus top found in Scutellinia is closely related to that in genera such as
Anthracobia, Aleuria, Coprobia, Cheilymenia, Pyronema, and Octospora and is consid-
ered to be characteristic of the family Pyronemataceae.

The development of the primary spore wall and its differentiation into an epispore and
an endospore fully agrees with the general process in the Pezizales. But differences are
found in the process of secondary wall formation.

In Scurellinia umbrorum, S. patagonica, S. trechispora, and S. scurellata a homoge-
neous, moderately electron transparent wall is formed. Within the substance of this wall
local areas of condensed material are formed which concentrate on the epispore and devel-
op into the elements of the spore ornamentation. In all stages of development the structure
of these elements is homogeneous and electron dense. This is in contrast with the devel-
opment in S. pseudotrechispora, where the secondary spore wall is only homogeneous at
the beginning. But soon a rather complex structure develops with large subglobose areas
of lower electron density and caps on the epispore with a tubular or laminose substructure.

This type of secondary wall development with a lasting complex structure is unusual
among the Pyronemataceae (cf. Merkus, 1976).

The taxonomic position of S. pseudotrechispora within the genus Scutellinia is there-
fore probably more isolated than suggested in a classification mainly based on patterns of
spore ornamentation and hair structures (cf. Schumacher, 1990).
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XYLARIA DIGITATA AND ITS ALLIES - DELIMITATION AND
TYPIFICATION—II

THOMAS LAESSOE
Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey, TW9 3AE, England

Xylaria bulbosa sensu Rogers is considered to be distinct from X, bulbosa s.str, Xylaria
guepini is described and X. corniformis, X. coronata, and X. torulosa are discussed.

In the first part of this study (Lasspe, 1992) an introduction was given to the study of
historical material of Xylaria digitata (L..: Fr.) Grev. and related taxa in order to stabilize
the nomenclature for the taxa in question. The first part included the study of Xylaria digi-
tara (L.: Fr.) Grev., X. acuta Peck, X. cornu-damae (Schw.) Fr., X. friesii Lassge, and
X. bulbosa (Pers.: Fr.) Berk. & Br. In addition to the taxa treated there, X. bulbosa sensu
Rogers, X. corniformis (Fr.: Fr.) Fr., X. guepini (Fr.: Fr.) Fr., X. coronata Westendorp,
and X. rortuosa Sow. ex Cooke are considered in this part.

Xylaria bulbosa sensu Rogers (1983) — Figs. 20, 21, 23

? Xylaria badia Pat., J. Bot., Paris (ed. Morot) 5 (19) (1891) 319. — Type specimen: Tonkin, Ke’
So’, Ha Noi, in velustos palis, 14.VL.1890, Bon 4417 (isotype K).

lllustrations. Rogers (1983: 459, figs. 10-14; 462, figs. 21-23).

Description. Rogers (1983: 458).

Specimens examined (selected). U.S.A.: Wisconsin, Sauk Co., Parfrey’s Glen, on wood, 4.1X.1953,
C.T.Rogerson R3643 as X, castorea (NY); Ohio,A.P. Morgan 76,X. acuta/X. bulbosa det. J.D. Rogers
(NYS); New York, Franklin Co., Floodwood, on maple, VIII, Peck 5.n., as X. acuta/X. bulbosa det.
1.D. Rogers (NYS).

Rogers (1983) partly followed Miller (1942), when he assumed that X. bulbosa was a
close relative of X. digitara and X. hypoxylon. Miller’s concept of X. bulbosa was fairly
confused, but he undoubtedly included X. corniformis within it. American specimens
named by Miller are typically X. bulbosa sensu Rogers and in one case X. longipes.
Although Rogers (1983) cited the habitat as including not only coniferous litter but also
deciduous wood, he did not cite any material on the former substrate nor, indeed, any
European specimens. The prime feature of X. bulbosa sensu Rogers is the dark yellow
outer entostroma, which is not found in X. bulbosa in its original sense. Furthermore
the original X. bulbosa is characterized by a thin, smooth, relatively light brown crust
with evident perithecial outlines whilst X. bulbosa sensu Rogers is similar to species in
the Xylaria polymorpha group with a fairly squamulose surface (ectostroma) and non-
evident perithecial outlines. The spores in X. bulbosa sensu Rogers are dark brown while
they are pale golden brown in the original species. Xylaria bulbosa sensu Rogers is close-
ly related to the X. corniformis group and cannot be named with certainty before this
group has been monographed. A likely name for this taxon is X. badia Pat., which was
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Figs. 17-22. Xylaria species — 17-19. X. guepini; 17. holotype, X. scotica (K); 18. The Netherlands,
Bilthoven, IX.1918, Bouwman (L); 19. X. guepini var. eupiliaca, holotype, herb. Cesatianum (RO). —
20 & 21. X. bulbosa sensu Rogers, Wisconsin, 4.1X.1953 (NY). — 22. X. tortuosa, holotype (K). —
Fig. 17 x 0.5; Fig. 18 x 0.6; Fig. 19 x 0.3; Fig. 20 x 6; Fig. 21 x 0.8; Fig. 22 x 0.3. — The num-
bering of the figures is a continuation of that in the first part (Lessge, 1992).

characterized by Patouillard (l.c.) as having a “médulle fauve et non blanche”. I have
examined a very small fragment of the type in the Kew herbarium and found the spores to
be (9.9-)10.4-12.8 x (3.8-)4.1-5.1(—5.8) um (av. 11.2 x 4.6 um). This is a fraction
larger than reported for X. bulbosa sensu Rogers. Bertault (1984) accepted all literature
references of X. bulbosa and could thus ‘confirm’ that the species grew on substrates
other than coniferous needles. He reported a specimen on Acacia from Morocco, which
should be reinvestigated. Xylaria digitata var. americana Peck could possibly be conspeci-
fic with X. bulbosa sensu Rogers, but the material studied by Rogers (1984) was not the
holotype cited by Barr et al. (1986). Xylaria luteostromata Lloyd is another competing
name for this taxon.

Xylaria corniformis (Fr.: Fr.) Fr.

Sphaeria corniformis Fr.: Fr., Elenchus fung. 2 (1828) 57. —- Xylaria corniformis (Fr.: Fr.) Fr.,
Summa veg. scand. (1849) 381.

Misapplied. Xylaria bulbosa sensu Miller p.p. (1942).

Hlustration and description. Lessge (1987: 82-84),

Xylaria corniformis was recently (Lesspe, 1987) redescribed from type fragments
in the herbaria K and B and from fresh material collected in eastern Poland. Another pre-
sumed syntype has since been located in herb. E, communicated by Fries to Greville. This
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part is in excellent condition and consists of five undamaged stromata, The taxonomy of
the complex around X. corniformis is still in disorder and awaits a world monograph and
more study of cultures.

A Swiss specimen under X. digitata in herb. Fries (UPS, F-02383, 35684) ex Schleicher
is X. corniformis. It has sterile apices, which explains the misidentification. Three other
collections filed as X. digirara from around the world (in K) belong in X. corniformis s.1.
in addition to the collection cited below, named by Miller (1942) as X. bulbosa.

Specimen examined. SOUTH AFRICA: Transvaal, Pillansberg near Rustenberg, 1.X.1928, V.A, Wager
(PREM) = X. corniformis s.str(?).

Xylaria guepini (Fr.: Fr.) Fr. — Figs. 17-19, 24

Sphaeria guepini Fr.: Fr., Elenchus fung. 2 (1828) 59. — Xylaria guepini (Fr.: Fr.) Fr., Nov. Acla
Soc. Sci. Upsal. 111, 1 (1851) 128. — Type specimen: France, Guépin, herb. E, Fries [holotype, UPS;
isotype(?) EJ.

Xylaria eupiliaca Ces., Bot. Z1g 13 (5) (1855) 78. — Xylaria guepini var. eupiliaca (Ces.) Ces., Comm.
Soc. critt, ital. 1 (1861) 71. — Type specimen: ltaly, Hypocrea eupiliaca Mihi in lilL., ex fimi ...,
12.X1.1846, herb. Cesatianum and one marked F. Cavara in gen. herb. (holotype & isotype RO:; isolypes
K, PC).

Xylaria scotica Cooke, Grevillea 4 (1876) 112. — Type specimen: Scotland, Perth, Meikloner, 1X.
1875, Mr. Matheson [holotype (7 parts from same source) K; isotype RO in herb. Cesatianum],

Selected illustrations. Bull, trimest. Soc. mycol. Fr, 100 (1984) LX1V, fig. 6. — Cesalti, l.c. (1861)
lab. V.

Distribution. lhaly, France, The Netherlands, and Scotland.

Stromata rooting in manured soil (always?), very pale yellowish brown to medium
brown with fertile parts blackening with age, basal parts palest, very slender, branching
up to 3 times, total length up to 10 cm, sterile and fertile parts smooth with more or less
substrate sticking to underground parts, fertile parts oblong to cylindrical or bilobed,
5-16 % 1.5-5(-8) mm, with acute sterile apices, perithecial outlines indistinct, ostioles
prominent, conical; entostroma white to pale brown, massive and very tough, the outer
crust hardly carbonized and very thin; perithecia crowded, elongated c. 0.5 mm long and
0.1 mm broad.

Asci 8-spored (few observed, measurements not obtained), fertile part cylindrical;
apical apparatus 1.1-1.3 x 1.3-2.3 um, staining dark blue in Melzer's Reagent, with
strongly flared apical rim; spores light golden brown, inequilaterally ellipsoid to citriform
or constricted at one end, often with secondary appendages at both ends and hyaline epi-
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Figs. 23 & 24. Ascospores and apical apparati stained in Melzer's Reagent. - 23. Xylaria bulbosa sensu
Rogers, Wisconsin (NY). - 24. X. guepini; a. isotype (E); b. holotype X. guepini var. eupiliaca, herb.
Cesatianum (RO); ¢. holotype, X. scotica (K). — Spores x 1800. Apical apparati x 3000.
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spore, (5.7-)6.6-8.3(-9.2) x (2.9-)3.3-4(-5) pm [av. range 6.5-7.9 x 3.3-3.7 um
(—4.1 um in collapsed spores)]; germ slit often difficult to observe, ventral, variable, most-
ly 2/3-4/5 of total spore length.

Specimens examined. ITALY: Italia bor., ad terram, X1.1846, Cesati, ex herb, Sydow (S, immature,
possibly part of var. eupiliaca type). — FRANCE: Dép, Maine-ct-Loire, Angers (“pauvre echantillon, mais
le seul qui me reste disponible™ in Guépin’s handwriting), Guépin (PC, possibly isotype of S. guepini).
— THE NETHERLANDS: prov. Uuecht, Bilthoven, (from potato plot in garden, manured, a former Pinus
forest, The dung was obtained from animals fed on American fodder), 1X.1918, B.E. Bouwman s.n. (L
962.286-999); prov. Gelderland, munic. Voorst, Wijkse Weg, Terwolde, on forest litter in hollow in
mixed forest plantation (strongly rooting), 23.X.1976, G. & /. Piepenbroeck 1011 and 1015 (L, both
immature but macroscopically very close to X. guepini).

It remains uncertain whether X. guepini is a truly coprophilous species. A collection in
S (ex herb. Rehm, sine loc., IX. 1904, 120, stipite radicoso albo! In stercore) has char-
acters close to X. friesii (spores 9.8-11.5 x 3.4—4 um, av. 10.5 x 3.6 pm; germ slit
1/2-2/3), but is labelled as X. guepini and is stated to be coprophilous. The perithecia
are smaller than in X. friesii but clearly much larger than in X. guepini and the ostioles are
slightly annulate-papillate. It is possibly a depauperate form of X. friesii. The ecology of
the type collection was described as follows: “Je I'ai rouvé dans un carré d’artichauts, sur
lequel on avait étendu de la fiente de pore.” (Guépin in letter to Fries). An immature Dutch
collection was described as having a Phallus impudicus-like smell when crushed. This
collection was also described as having pink tinges. A collection from Brazil [Sdo Leo-
poldo, in stercore, 1929, Rick (FH)] labelled X. guepini is immature but looks very much
like true X. guepini. Material from Bomeo (& Sri Lanka?) in RO labelled X. guepini is
Xylaria melanaxis Ces. and X. aff. feejeensis. Petch (1939) and Cannon et al. (1985)
gave X. scotica as a synonym of X. digitata. Petch even ridiculed Cooke by saying he
mistook the cells at the base of the perithecium for spores. Petch stated the specimens to
be ‘quite immature’. They are, in fact, in very good condition and in every respect match
the type of X. guepini including the abundant ascospores. Xylaria scotica was described
as having a rooting stem and to grow on the ground without mention of added manure.
Lloyd (1919) stated that records cited by Saccardo (1882) from Ceylon (Sri Lanka) and
Borneo were based on misidentified specimens. He also excluded the Italian collections
from true X. guepini in contrast to the present account. Xylaria guepini has a superficial
similarity to the X. nigripes-group, but species belonging there normally have very dark
spores, a tendency to dark entostroma and at least some are associated with termite nests.
The very thin crust and conical ostioles also suggest species of Cordyceps. Xylaria divisa
Lloyd was compared by Lloyd (1921) with Cesati’s variety eupiliaca of X. guepini (as
Guepinia) which Lloyd thought had nothing to do with true X. guepini. Judged from his
photograph this species cannot be related to X. guepini.

Xylaria coronata Westendorp
Xylaria coronata Westendorp, Bull. Soc. r. Bot. Belg. 2, 3 (1863) (5). — Type specimen: not seen,

Westendorp (1863) gave Sphaeria guepini? in brackets after his new name, but Kickx
(1867) noted that the lignicolous habitat and more robust appearance made this assump-
tion unlikely. Also, the spores were given as 15 um long, considerably longer than in
X. guepini. 1 reserve my opinion until I have seen the Westendorp material.
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Xylaria tortuosa Sow. ex Cooke — Fig. 22

Xylaria tortuosa Sowerby ex Cooke., Grevillea 8 (1879) 10. — Type specimen: England, Sphaeria
toriuosa, found at Mcad Place ("1 have given Mr. Dickson the first publishing of it. I don’t know what
Mr. D. will call it."), Xylaria tortuosa Sow. mss, ex Herb, Dawson Turner (and a fragment ex herb.
Cooke) (holotype, K).

Stromata in very poor condition, branching dichotomously with only a small apical,
cylindrical, fertile piece, with the surface eroded, making an accurate description impos-
sible; the sterile parts are almost filiform, smooth and twisted.

Asci and apical apparatus not present; spores 18.4-21.8(-23.0) x (4.9-)5.2-5.7 um
(av. 19.3 x 5.3 pum), (reddish) brown, relatively pale, inequilaterally fusiform with ventral
side more or less concave; germ slit straight to slightly oblique, c. 1/4-1/3 of total length,
ventral.

Petch (1939) wrote that the specimens were growing in a greenhouse. There is no such
indication in the Cooke description, nor on the label, nor, indeed, of Cooke’s claim that it
grew on the ground. Petch regarded it as an abnormality of X. digitata following Lloyd
(1924) who referred to it as an anomaly which should be ignored. Although the spores are
close to those of X. digitata the habit is so different that I cannot accept this synonomy.
However, [ doubt that we will ever know how to apply this name.
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Types of Pilit's Crepidotus species available in PRM and K and other types of Crepidotus
species from different authors, available in E, F, H, and NYS, have been studied. For each
taxon concerned microscopical characters and SEM pictures of the spores are given, fol-
lowed by a concise discussion of its status.

A critical study of the species in many genera requires a careful re-examination of the type
material. This holds true for Crepidotus all the more, because since the last monographic
study of European species of Crepidotus (Pildt, 1948) eight new species have been de-
scribed by seven different authors.

The spore ornamentation proved to be one of the most distinctive morphological char-
acters within this genus. But as details of these ornamentations all lie at the limit of light
optical recognition, the scanning electron microscope is a powerful tool to solve such
problems. This paper reconsiders species described by Pilit, which have hardly ever been
found again after their original description, two species originally described by Peck
(1878) and by Singer (1960) from North America, and two British species described by
Orton (1960, 1984).

For methods and presentation see Senn-Irlet (1992) (scale bars in Figures = 10 pm).

SPECIES DESCRIBED BY PILAT

Crepidotus serbicus Pilit — PIL. 1A

Crepidotus serbicus Pildt, Bull. rimest. Soc. mycol. Fr. 53 (1937) 82. — Type: Jugoslavia, Serbia,
Kapaonik Mountains, May 1936, Cernjanski (det. A. Pilit; PRM 485751).

Cap 4 ¢cm long, fan-shaped, brown, dull, pale ochre and strigose near point of attach-
ment. Lamellae narrow, crowded, brown partly carbonized. Stipe absent.

Spores abundant, 5 x 5 um, globose, with a short, obtuse apiculus, minutely punctate,
warty, thick-walled, brown. Basidia slender, not yet fully developed. Hymenophoral
trama regular, consisting of hyphae 4-6 um wide, hyaline. Subhymenium consisting of
short-celled, branched hyphae. Cystidia not found. Clamps present.

The absence of fully developed basidia and the fact that there are spores in large quan-
tities suggest that these spores (see Pl. 1A ) belong to another fungus. They would per-
fectly fit in with many gasteromycetes, and indeed some fragments of a capillitium could
also be found. Therefore Crepidotus serbicus is best regarded as a nomen dubium. The
specimen could not be identified. Pildt (1948) recorded only one collection, and since then
no other record of this species has been published nor could specimens of it be traced.
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Plate 1. Scanning electron micrographs of spores from the type collections. — A. Crepidotus serbicus.

B. Crepidotus subepibryus. — C. Crepidotus subverrucisporus. — D. Crepidotus velenovskyi., —
E. Crepidotus versutus var. subglobisporus. — F. Crepidotus harperi. — The scale markers in A-F
represent | pm,

Crepidotus subepibryus Pilit — Pl. 1B; Fig. 1

Crepidotus subepibryus Pilit, Studia bot. ¢ech. 10 (1949) 153. — Type: Czechoslovakia, Moravia,
Zarosice, in Picea forest among mosses on naked soil, 10 Sept. 1943, V. Vacek (det. A. Pildt; PRM
149050).



Senn-Irlet: Type studies in Crepidotus—IH 157

| O 500

1ol

Fig. 1. Crepidotus subepibryus. — Basidioles, basidium, and spores.

The following description is based on unpublished notes of L.R. Hesler and own ob-
servations.

Spores 6.0-8.5 x 4.5-6.0 pm (Hesler: 5.5-7.5 x 4.3-5.7 pm), Q = 1.2-1.6, av.
Q = 1.40, ellipsoid, only slightly or not inequilateral in profile, conspicuously punctate:
ornamentation seen as small warts or spines in the optical section, mixed with some ab-
normally large ones, revealed by SEM as echinulate with isolated, conical spines (P1. 1B);
thick-walled spores, 12—14 x 6-6.5 pm; walls moderately strongly coloured. Basidia
20-28 x 5-8 um, 4-spored, mixed with numerous 2-, and single-spored ones, with
clamp-connections. Cheilocystidia scarce, 23-45 x 5-8 pm, mostly cylindrical, some-
times more or less ventricose and capitate. Pleurocystidia absent. Hymenophoral trama
made up of subparallel to interwoven, 2.5-5 pm wide hyphae. Pileipellis a transition
between a cutis and a trichoderm with tufts of more or less erect, undifferentiated, mostly
straight, 2.5—5 pm wide hyphae; terminal cells at cap margin somewhat flexuose, never
coiled. Clamp-connections present in all tissues.

The numerous 2-spored and even single-spored basidia indicate an abnormal devel-
opment of this material and therefore it is very difficult to interpret this small collection,
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consisting of only one and a half tiny, flattened fruit-body. Pildt (1948) mentions the
apparently close relationship of this species with Crepidotus epibryus sensu Pildt. The
ultrastructure of the spore ornamentation, however, indicate a close relationship with
C. cesatii. Therefore C. subepibryus must be interpreted as an abnormality of C. cesarii,
probably close to C. cesatii var. subsphaerosporus. No other records of this fungus are
known.

Crepidotus subverrucisporus Pildt — PIL. 1C; Fig. 2

Crepidotus subverrucisporus Pildt, Studia bot. Cech. 10 (1949) 151. — Type: Czechoslovakia,
Bohemia, Chrustenica (near Prague), on wwig of Robinia pseudacacia, 20 Aug. 1949, V. Vacek (det.
A, Pilat; PRM 149034).

Spores 7-9 x 4.5-6 pm, Q = 1.4-1.7, av. Q = 1.54, ellipsoid or ovoid in frontal
view, slightly amygdaliform in side view, conspicuously punctate-rugulose; walls mod-

200

Fig. 2. Crepidotus subverrucisporus. — Chcilocystidia, basidia, spores, and pilcipellis.
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erately coloured. Basidia 22-27 x (5-)6—-8 um, 4-spored. Cheilocystidia 39-60(-73) x
5-8 pm, cylindrical to narrowly lageniform, often septate, sometimes branched, hyaline.
Hymenophoral trama made up of subparallel, interwoven, 3-6 pm wide hyphae. Pilei-
pellis a transition between a cutis and a trichoderm of cylindrical, 4-6 um wide hyphae,
bearing a turf of erect, flexuose, cylindric or rostrate, terminal cells. Clamp-connections
present in all tissues.

In contrast with Pildt (1948), who believed in a close relationship of C. subverruci-
sporus with C. lundellii, re-examination of the type shows a great similarity of C. sub-
verrucisporus with C. epibryus sensu Pildt. The spore ornamentation as seen in the SEM
(P1. 1C) belongs to the rugulose-vermiculose type, but is distinctly more pronounced
than in C. lundellii. The shape of the cheilocystidia, too, resembles those of C. epibryus
sensu Pildt much more than those of C. lundellii, as no clavate or capitate form could be
found. The rostrate terminal cells of the pileipellis are a further indication of a close rela-
tionship with C. epibryus sensu Pildt. Nevertheless, there are some points of difference
with C. epibryus: the spores are more faintly coloured and the cheilocystidia are septate at
times, but more often branched. Perhaps C. subverrucisporus s. str. represents an eco-
type on Robinia (see also notes on C. bickhamensis).

Crepidotus velenovskyi Pilit — Pl. 1D

Crepidotus velenovskyi Pildt, Studia bot. €ech. 10 (1949) 152, — Type: Czechoslovakia, Bohemia,
Solopisky ncar Prague, on Juniperus communis, 29 Oct. 1925, leg. & dev J. Velenovsky (PRM 14309;
as Crepidotus juniperi Velen., but not the type of C. juniperi!).

Scarcely any material is left of the type specimen, which consists of very small fruit-
bodies with caps only 1-2 mm wide.

Spores 7.5-9 x 4.5-6 um, Q = 1.4-1.7, av. Q = 1.54, ellipsoid to ovoid in frontal
view, faintly punctate, with moderately to faintly coloured walls. Basidia no more left,
except for two isolated elements which may represent 2-spored crassobasidia. Hymeno-
phoral trama made up of subparallel to interwoven, 4—-6 um wide hyphae. Cheilocystidia
destroyed in most parts, 30-40 x 7-10 pm, narrowly lageniform, cylindrical.

On account of the spore ornamentation, Pildt (1948) put this species in the group around
Crepidotus epibryus sensu Pildt. 1 agree with this interpretation; but in my opinion the
collection falls fully within the range of C. epibryus sensu Pildt and C. subverrucisporus
respectively, mainly due to its rugulose-vermiculose spore ornamentation (P1, 1D) and the
shape of the cheilocystidia, although the shape of the spores is generally not so typically
amygdaliform. The minute size of the fruit-bodies can hardly be regarded as of high tax-
onomic value. After the original description no other record of C. velenovskyi seems to
have been published.

Crepidotus versutus var. subglobisporus Pilé&t — Pl 1E; Fig. 3

Crepidotus versutus var, subglobisporus Pilit, Sb. ndr. Mus. Praze 2 B (3) (1949) 74. — Crepido-
tus lundellii var. subglobisporus (Pilit) Pilit, Atl. champ. Eur, 6 (1948) 50. — Type: USSR, Ucraina,
Kobyleckd Polana (Rossia subcarpaticae), Svidovec-Krajnd Rika, 6001000 m, in Fagus virgin forest,
July—Aug. 1937, leg. & det. A. Pilar (PRM 23529), on twig of hardwood and litter of Fagus.
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A

Fig. 3. Crepidotus versutus var. subglobisporus. — Cheilocystidia, basidia, spores, and terminal cells of
the pileipellis.

B O
0w

Fig. 4. Crepidotus harperi. — Cheilocystidia, spores, pileipellis.

— = OO
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Spores 5.5-7.5 x 4.5-6 um, Q = 1.2-1.4, av. Q = 1.31, broadly ellipsoid to ellip-
soid, with very faint punctate ornamentation; walls rather pale. Basidia 20-23 x 6-8 um,
4-spored. Cheilocystidia cylindrical to narrowly utriform, sometimes flexuose, narrowly
capitate, rarely branched and knobbed, hyaline. Hymenophoral trama subparallel to inter-
woven, of hyphae 4-10 um wide. Pileipellis thin, a transition between a cutis and a tri-
choderm, of mostly repent to somewhat flexuose, cylindrical, 4-6 pm wide hyphae with
yellowish segments, bearing scattered tufts of almost erect terminal cells, sometimes flex-
uose, slightly coiled and cylindrical or in the shape of the cheilocystidia. Clamp-connec-
tions abundant in all tissues.

The spore ornamentation as seen in the SEM (Pl. 1E), the shape of the cheilocystidia,
and the structure of the pileipellis fit in perfectly well with C. lundellii Pilit. In agreement
with Norstein (1990) I interpret C. lundellii (C. inhonestus sensu Norstein) as a species
with great variation in the shape and the size of the spores and therefore C. versutus var,
subglobisporus falls fully within its range of variability.

If based on the original description only, this species may be confused with C. inho-
nestus P. Karst., as was done by Norstein (1990) and Watling & Gregory (1989). A re-
examination of the type material of C. inhonestus (in herb. P. A. Karsten, H), however,
showed perfectly smooth spores with strongly coloured walls and an apical pore and
finely incrusted hyphae in the pileipellis, which does not agree at all with C. lundellii.

In his earlier publications Pildt considered Crepidortus versutus (Peck) Sacc. to be iden-
tical with C. lundellii. Later he (Pildt, 1948) became convinced by Singer's publication
(1947), that these species are not identical; C. versurus being a clamp-less species,

Crepidotus wakefieldiae Pildt

Crepidotus wakefieldiae Pildt, Studia bot. Tech. 10 (1949) 152. — Type: Great Britain, Manchester,
Donhead St Mary, OcL 1944, Harthan (K).

The type is no more in a good condition. Therefore I abstained from a further examina-
tion, as it has already been re-examined several times. Pearson (1952) gave a description,
Orton (1960) described topotypical material, and Pegler & Young (1972) published SEM
photographs of the spores of the type collection. This species is thus rather well known,
and there is no doubt that Pildt (1929) has described this species earlier under the name Cre-
pidotus carpaticus (see Senn-Irlet, 1992), which name has priority over C. wakefieldiae!

OTHER TYPE COLLECTIONS

Crepidotus harperi Singer — Pl IF; Fig. 4

Crepidotus harperi Singer, Mycologia 51 (1960, *1959') 586. — Type: U.S.A., Virginia, Bedford,
May 1919, Harper 1177 (F 1178).

The type collection is very large. Due to inappropriate drying, however, the trama and
the hymenium are in poor condition. Moreover, crystals of a pesticide hamper proper ex-
amination. Only the spores are well preserved and abundantly present.

Spores 5-6 x 5-5.5 um, Q = 1-1.1, globose, conspicuously punctate, warty in opti-
cal section, with pronounced apiculus; walls moderately coloured. Basidia 25-30 x 6-7
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um. Cheilocystidia 20-28 x 5—-8 pum, clavate to narrowly utriform, with several short
finger-shaped, coralloid protuberances. Hymenophoral trama made up of subparallel,
3.5-6 um wide hyphae. Pileipellis a cutis with transitions to a trichoderm with tufts of
erect terminal cells, at the cap margin as pileocystidia in the shape of the cheilocystdia,
some segments yellowish. Clamp-connection present.

Plate 2. Scanning electron micrographs of spores from the type collections. — A, B. Crepidotus bickha-
mensis. — C, D, Crepidotus subtilis. — E, F. Crepidotus versutus. — The scale markers in A and E re-
present 10 pm, in B-D and F 1 pm,
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Josserand (1965) already suggested that Crepidotus harperi would be identical with
C. wakefieldiae Pildt. And indeed both species are found to be conspecific. The SEM
(PL. 1F) revealed the same type of spore ornamentation as shown by Pegler & Young
(1972) for C. wakefieldiae, differing clearly from that of C. applanatus, although with the
light microscope no differences could be seen in size, colour, and ornamentation of the
spores.

Crepidotus bickhamensis P.D. Orton — PI. 2A, B; Figs. §, 6

Crepidotus bickhamensis P.D. Onon, Notes R. bot. Gdn Edinb. 41 (1984) 573. — Type: Great
Britain, Somerset, Crawley, Bickham wood, on bark on Salix, 25 Sept. 1981, Orion 5255 (E).

Spores 8.5-10.5 x 5.5-7.5 pm, Q = 1.3-1.6, av. Q = 1.49, ellipsoid, slightly amyg-
daliform in side view, sometimes with a suprahilar depression, conspicuously punctate-
rugulose; walls strongly coloured. Basidia 22-30 x 7.5-10 um, 4-spored, clamped.
Cheilocystidia (23-)30-55 x 5-8(-10) x 3-6 um, narrowly lageniform, cylindrical,
sometimes slightly flexuose, very rarely septate, hyaline, thin-walled. Hymenophoral
trama subregular, consisting of 3-7 pm wide hyphae. Pileipellis a trichoderm of erect,
interwoven cylindrical hyphae with the terminal cell often differentiated as pileocystidia.
Pileocystidia 30-40 x 4-6 um, cylindrical, narrowly lageniform, flexuose or angled,
rarely branched, sometimes rostrate at the tip. Clamp-connections present in all tissues.

Crepidotus bickhamensis is identical with C. epibryus sensu Pildt (1948). Orton estab-
lished this new species in order to avoid further misleading interpretations of Agaricus
epibryus Fr. (Fries, 1821: 275) as Pildt clearly did. However, Orton overlooked the sim-
ilarity with C. subverrucisporus Pildt, a species which was placed by its author in the
relationship of C. lundellii and C. luteolus. Pildt described a more fleshy cap, lamellae
without reddish tints, and spores which are fainter ornamented than in C. epibryus sensu
Pildt as distinguishing characters from C. subverrucisporus. A critical re-examination
of C. subverrucisporus (see above), however, showed distinctly rugulose spores even
with the light microscope. In the SEM exactly the same rugulose type of ornamentation is
found (PL. 1C) in C. bickhamensis (Pl. 2A, B).

The mean spore size of 43 European collections of this species is shown in Fig, 6.
This figure illustrates the variability of spore size, with C. bickhamensis and C. subver-
rucisporus as two collections with opposing positions in the cluster. A similiar variability
was found in the degree of the spore wall hue ranging from strongly to (more rarely)
moderately coloured. Pildt (1948) indicated Robinia as the substrate for C. subverruci-
sporus, but he never attached much importance to that feature, and later he (Pilat, 1950)
described collections from Poland on Carpinus with large spores (811 x 6-7.5 um!).

From all these observations I conclude that C. subverrucisporus is an older synonym
of C. bickhamensis and thus the correct name for C. epibryus sensu Pildt.

Crepidotus subtilis P.D. Orton — PI. 2C, D; Fig. 7

Crepidotus subtilis P.D. Orton, Trans. Br, mycol. Soc. 43 (1960) 221, — Type: Great Britain,
Devon, Roudon, Whitlands Landslip, on fallen twigs of Sambucus and Hedera, 2 Dec. 1958, P.D. Orton

(K; paratype, E).
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Fig. 5. Crepidotus bickhamensis. — Spores, pileipellis, cheilocystidia, and basidia.

Spores 7-9 x 4.5-6 um, Q = 1.3-1.6, av. Q = 1.49, ellipsoid, slightly ovoid, faint-
ly ornamented, with SEM minutely rugulose; walls pale brown in the light microscope.
Basidia 28-36 x 7-9 um, 4-spored, mixed with 2-spored, clamped. Cheilocystidia 28 -
68 x 5~8 pum, narrowly lageniform to narrowly utriform, sometimes slightly tibiiform
(i.e. subcapitate or kneeled), hyaline, thin-walled, forming a sterile band at the lamellae
edge. Pleurocystidia absent. Pileipellis a trichoderm, especially at the pileus margin with
erect, 4-6 pm wide, cylindrical to narrowly lageniform, flexuose, sometimes angled ter-
minal cells; in the centre of the pileus a transition between a trichoderm and a cutis; subter-
minal cells 6-8 pm wide. Clamp-connections present in all tissues.

Orton separated C. subiilis from the closely related C. lundellii because of its some-
what broader spores (4-5 pm versus mostly > 5 um) and the spore ornamentation
(smooth in C. lundellii versus very minutely punctate in C. subtilis). As is shown in
a previous paper (Senn-Irlet, 1992), C. lundellii has spores which are undoubtedly orna-
mented, bearing the same rugulose-vermiculose type of ornamentation, as can be demon-
strated in C. subtilis (Pl. 2C, D). The faint ornamentation is even visible with the light
microscope. Equally the spore size does not differ significantly between the two type col-
lections, As a conclusion, C. subtilis must be regarded as a synonym of C. lundellii.
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Fig. 6. Mean spore sizes of 43 European collections of C. subverrucisporus. The type collections are
marked with larger symbols.

Fig. 7. Crepidotus subiilis. — Spores, pileipellis, cheilocystidia, and basidia.
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Fig. 8. Crepidotus versutus. — Pileipellis, cheilocystidia, basidia, and spores.

Crepidotus versutus (Peck) Sacc. — Pl 2E, F; Fig. 8

Agaricus (Crepidotus) versutus Peck, Ann. Rep. N.Y. St. Mus. 30 (1878) 70. — Crepidotus versutus
(Peck) Sacc., Syll. Fung. 5 (1887) B88. — Type: U.S. A., Forestburgh, Sept., Peck (NYS).

Spores 9-11.5 x 5-6.5 um, Q = 1.6-2.1, av. Q = 1.87, elongate, amygdaliform in
side view, with blunt apex, faintly marbled with the light microscope, rugulose in SEM;
walls weakly coloured. Basidia 22-33 x 7.5-9 pum, 4-spored, clamp-less. Cheilo-
cystidia 21-66 x 6-8 pum, cylindrical, narrowly lageniform, flexuose, hyaline, thin-
walled. Pleurocystidia absent. Pileipellis a cutis of repent 3—6 um wide, cylindrical,
hyaline hyphae; terminal cells undifferentiated, straight, never coiled or branched. Clamp-
connections absent in all tissues, also in the basal tomentum,

The type collection is well preserved and consists of several fruit-bodies. Already Singer
(1947) and Hesler & Smith (1965) examined this collection and stressed the very faint but
even with the light microscope clearly visible punctate ornamentation of the rather large
spores. The SEM (PL. 2E, F) reveals a very low ornamentation of the rugulose-vermicu-
lose type. Such a faint ornamentation is also documented with SEM pictures of a British
collection named C. pubescens Bres. by Pegler & Young (1972). As also the other char-
acters of this collection agree with C. versutus (Peck) Sacc., there is no doubt that this
species occurs also in Europe and that Peck's description has been neglected for many
years by European mycologists.
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THE FUNGI OF NORTH HOY, ORKNEY - II

R.W.G. DENNIS & B.M. SPOONER
Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey TW9 3AE, England

Seven new species and one new genus of Leotiales are described from North Hoy, Orkney.

The first part of this paper (Dennis & Spooner, 1992) provided an introduction to the area
under consideration. It included a brief history of the collecting and recording of fungi on
Orkney, and a list of 396 species of fungi collected during seven visits to North Hoy
made between 1987 and 1990. In addition to the species listed there, the collections from
Hoy yielded seven species of Leotiales which prove to be undescribed, and one which
requires a new genus to accommodate it. Descriptions of these species and the new genus
are provided in the present account.

Albotricha ammophilae Dennis & Spooner, spec. nov. — Fig. le-g

Apothecia 0.4 -0.6 mm diam., brevistipitata, superficialia. Discus luteolus. Receptaculum cupula-
tum, pallide bubalinum, pilis albidis ornatum. Pili 80-120 x 3-4 um, hyalini, angustati, granula
superficialia ferentes. Asci 52-62 x 6.5-7 pm, octospori, ad apicem conici, poro in mixtura Melzeri
caerulescenti. Ascosporae 10-16 x 2-2.5 um, hyalinae, cylindrico-fusoideac, non-septatae, guttulatae.
Paraphyses lanceolatae, 3-4 pm diam., quam asci 15-20 pm longiores. Excipulum ectale ¢ cellulis
prismaticus compositum.

Holotypus: Scotland, Orkney, Hoy, Rackwick, 17 Sept. 1990, on Ammophila arenaria, R.W.G.
Dennis (K).

Apothecia 0.4-0.6 mm diam., short-stipitate, superficial, commonly on inner surface
of culms, scattered, solitary or in small groups. Disc plano-concave, smooth, yellowish
or pale straw, obscured by hairs when dry. Receptacle cupulate, pale buff or straw-coloured,
densely covered with whitish hairs, incurved at the margin when dry. Hairs hyaline, nar-
row, tapered, obtuse at the apex, 80-120 um long, 3—4 pm wide at the base narrowed to
1.5-2 pm at the apex, 4-6-septate, wall appearing thickened, bearing irregular granules
which are mostly soluble in Melzer’s Reagent. Asci 8-spored, 52-62 x 6.5-7 pm, cylin-
dric-clavate, short-stalked, conical at the apex, pore small, outlined blue in Melzer's
Reagent. Ascospores (10-)11-15(-16) x 2-2.5 um, hyaline, cylindric or cylindric-
fusoid, straight, sometimes slightly inequilateral, non-septate, guttulate, biseriate within
the ascus. Paraphyses lanceolate, 3—4 pm diam., exceeding the asci by 15-20 pm, thin-
walled, 1-2-septate. Ectal excipulum composed of hyaline, irregular prismatic cells 8-15
x 4-6 um arranged in rows at a low angle to the surface, walls slightly thickened.

The narrow, tapered hairs which bear loosely attached granules are characteristic of
Albotricha, as are the large, lanceolate paraphyses. Several species are described from
grasses, but all differ most notably in spore and hair characters.
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Calycellina calycelloides Dennis & Spooner, spec. nov. — Fig. 2d—g

Apothecia 0.2-0.3 pm diam., sessilia, laevia, luteola. Asci 70-76 x 7.5-8 um, octospori, cylin-
drico-clavati, ad apicem rotundati, poro in mixtura Melzeri non colorato. Ascosporae hyalinae, anguste
ellipsoideae vel aliquantum clavatae, saepe 1-septatae. Paraphyses 1-1.5 um diam., flexuosac, aggluti-
natae. Excipulum ectale e cellulis parvis et ad muros aliquantum incrassatis compositam,

Holotypus: Scotland, Orkney, Hoy, Berricdale, on rotten wood of Salix, 4 Oct. 1989, R.W.G.
Dennis (K).

Apothecia 0.2-0.3 mm diam., gregarious, sessile, narrowed at the base, with a few
anchoring hyphae, pale yellow throughout. Disc plane, smooth, without a raised margin.
Receptacle shallow cupulate, appearing smooth or virtually so. Asci 8-spored, 70-76 x
7.5-8 pm, cylindric-clavate, 