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A coriaceous pseudo-bombardioid ascomal wall containing a central layer
composed of thick-walled, gelatinized cells has been described in nine species in
the Lasiosphaeriaceae (Sordariales). Three different methods of sectioning asco-
mata were employed to investigate the composition of this wall layer. Although
this wall layer has previously been described as being composed of isodiametric
cells, sections made using a freezing microtome revealed that it was actually com-
posed of interwoven hyphae. Thus the term pseudo-bombardioid should be emen-
ded to describe a non-stromatic ascomal wall containing a gelatinized layer com-
posed of interwoven, thin-walled hyphae.
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A unique type of coriaceous ascomal wall referred to as a
pseudo-bombardioid wall was defined by Lundqvist (1972: 17) in his
seminal work on Nordic Sordariaceae as "a multi-layered, non-stro-
matic wall with a second pseudo-parenchymatous layer with very
thick-walled, gelatinized cells". Lundqvist (1972: 17) distinguished it
from the bombardioid wall, which he described as "a multi-layered
wall with at least two outer, stromatic layers, the second of which is
fibrous and cartilaginous". Thus, the pseudo-bombardioid wall is
non-stromatic with a gelatinized cellular layer, whereas the bom-
bardioid wall is composed of a stromatic gelatinized hyphal layer.

The pseudo-bombardioid wall has been described in nine spe-
cies segregated into three genera in the Lasiosphaeriaceae (Sordar-
iales) (Tab. 1). All but Cercophora costaricensis and C. palmicola
were described by Lundqvist (1972) as having a pseudo-bombardioid
wall. Although Carroll & Munk (1964) referred to the ascomal wall
in C. costaricensis as bombardioid, they described the middle wall
layer as being "composed of extremely thick-walled angular cells".
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Tab. 1. - List of taxa in the Lasiosphaeriaceae possessing a pseudo-bombardioid
ascomal wall and the specimens examined. Collectors names were abbreviated
as follows: Roy Cain (Cain), George Carroll (GC), Sabine M. Huhndorf (SMH),
Nils Lundqvist (Lqt), and Gary J. Samuels (GJS). Herbarium acronyms follow

(Holmgren & al., 1990); GC refers to the private herbarium of George Carroll.

Genus and species Specimen No.

Arnium Nitschke ex G. Winter emend.
N. Lundq.

A. ontariense (Cain) J. C. Krug & Cain Cain 5343, Cain 32240 (TRTC)

Cercophora Fuckel
C. albicollis N. Lundq. Erb. Critt. Ital., ser. 1, 991 (Isotype, SIENA)

C. costaricensis (G. C. Carroll & Munk) GC 72, GC 73, GC 74, GC 75 (GC); SMH
O. Hilber & R. Hilber 2469, SMH 4021, SMH 4509, SMH 4537 (F)

C. elephantina (Henn.) N. Lundq. TRTC 66.1093 (TRTC)

C. palmicola Hanlin & Tort. Hanlin 12701 (Isotype, GAM)

C. scortea (Cain) N. Lundq. GJS #556, SMH 4131, SMH 4441 (F)

Podospora Ces. emend. N. Lundq. Lqt 5906-k, on the holotype specimen of
P. appendiculata (Auersw.) Niessl C. gossypina (UPS)

jR fimiseda (Ces. & De Not.) Niessl SMH 4452 (F); Rabenh., Kl. Herb. Viv.
Mycol., ed. 2, 259, 1856 (Isolectotype, RO)

P. perplexens (Cain) Cain Lqt 3347-k, Lqt 1664-d (TRTC)

Hilber & Hilber (1979) later described and illustrated the ascomal
wall in C. costaricensis as pseudo-bombardioid. The ascomal wall
was described as pseudo-bombardioid in C. palmicola (Hanlin &
Tortolero, 1987; Hanlin, 1999), even though Hanlin (1999) noted
"slender, dark-staining hyphae" traversing the middle wall layer.
Although initially described as bombardioid (Munk, 1957), the asco-
matal walls were later described as pseudo-bombardioid in Podos-
pora appendiculata (Furuya & Udagawa, 1972; Lundqvist, 1972) and
P. fimiseda (Lundqvist, 1972; Bell & Mahoney, 1997). Because work-
ers have described the ascomatal walls differently in some taxa, the
objective of this study was to verify previous interpretations of the
composition of the pseudo-bombardioid wall morphology.

Materials and methods

Specimens representing all nine species reported to have a
pseudo-bombardioid ascomal wall were obtained for this study
(Tab. 1). All specimens used in this study were from dried herbarium
material. Three different methods were employed to obtain long-
itudinal sections of the ascomata: 1) hand sections, 2) freezing
microtome sections, and 3) plastic-embedded sections. All material
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was rehydrated in water prior to sectioning. Hand sections of vari-
able thickness were made by sectioning ascomata placed on a glass
slide with a double-edged razor blade. Freezing microtome sections
were made by freezing ascomata in Tissue-TekK O.C.T. embedding
compound followed by sectioning at 15, 30 and 45 |im thickness on a
Leica SM2000R freezing microtome. Plastic-embedded sections 5 |im
thick were made following the methods of Huhndorf (1991). Asco-
matal sections were mounted in water (or Permount mounting
medium for plastic-embedded sections) and images were captured
using differential interference (DIC) microscopy and processed using
Adobe Photoshop 3.0 and 5.5 (Adobe Systems Incorporated, Moun-
tain View, California).

Results

The highest quality sections to observe the actual anatomy of the
gelatinized wall layer were produced using a freezing microtome.
The composition of this wall layer was most clearly seen in sections
produced at 30 (im. Hand sections and plastic-embedded sections
were either too thick or too thin, respectively, to properly interpret
the anatomy of the gelatinized wall layer.

Nine species have previously been described as possessing an
ascomal wall layer composed of thick-walled, gelatinized cells
(Carroll & Munk, 1964; Lundqvist, 1972; Hilber & Hilber, 1979;
Hanlin & Tortolero, 1987; Bell & Mahoney, 1997; Hanlin, 1999).
Lundqvist (1972: Fig. 16) exquisitely illustrated the ascomatal walls
in four of these species (C. scortea, P. appendiculata, P. fimiseda and
P. perplexens), which are reproduced here with permission in
Figs. 1-4. Freezing microtome sections, however, revealed that the
gelatinized wall layer is actually composed of interwoven hyphae
embedded in a gelatinous matrix in all nine species (Figs. 5-12;
C. albicollis not shown due to the poor condition of the isotype
material). As clearly seen in several species (Figs. 5, 6, 9-11), hyphae
in the gelatinized layer are thin-walled, septate, and 2-4 jim diam.

Discussion

The gelatinized wall layer occurring in species possessing a cor-
iaceous pseudo-bombardioid wall was determined to be composed of
interwoven, thin-walled hyphae rather than thick-walled, iso-
diametric cells as previously reported (Carroll & Munk, 1964;
Lundqvist, 1972; Hilber & Hilber, 1979; Hanlin & Tortolero, 1987;
Bell & Mahoney, 1997; Hanlin, 1999). The interpretation of the mor-
phology of the gelatinized wall layer appears to be completely
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Figs. 1-8. Median longitudinal .sections ol pseudo-bombardioid ascomatal walls,
exterior to the right. - 1. Cercophora scortea, Cain 12011 (UPS). - 2. Podospora
appendiculata, Lqt 2371-e (UPS). - 3. JR fimiseda, Lqt 3165-a (UPS). - 4. P. per-
plexens, Lqt 3347-k (UPS). - 5. C. scortea, SMH 4441 (F). - 6. P. appendiculata,
with holotype of C. gossypina (UPS). - 1. P. fimiseda, SMH 4452 (F); note trans-
verse section of a thin-walled hypha surrounded by a gelatinous sheath (arrow). -
8. P. perplexens, Lqt 3347-k (TRTC). - Figs. 1-4 adapted from Lundqvist (1972:

Fig. 16); 5-8 = DIC. - Scale bars: 1-4 = 40 um; 5-8 = 10 um.
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Figs. 9-12. Median longitudinal sections of pseudo-bombardioid ascomatal walls,
exterior to the right. - 9. Arnium ontariensis, Cain 5343 (TRTC). - 10. Cercophora
palmicola, Hanlin 12701 (GAM). - 11. C. costaricensis, SMH 4021 (F); black arrow
as in Fig. 7, note thin-walled hypha transversed by a septum (gray arrowhead) and
outer limit of gelatinous sheath (gray arrow). - 12. C. elephantina, TRTC 66.1093

(TRTC). - Figs 9-12 = DIC. - Scale bars: 9-12 = 10 pm.

dependent on the method chosen for sectioning ascomata. Carroll &
Munk (1964) and Hilber & Hilber (1979) used a freehand method for
sectioning ascomata, while Hanlin (1999) and Bell & Mahoney (1997)
used a paraffin-embedded method. Although the methods for sec-
tioning ascomata were not reported by Lundqvist (1972), he used a
freezing microtome (in lit. 3/2003). The morphology of the gelati-
nized wall layer was accurately assessed in the present study only
with the aid of a freezing microtome. Useful hand sections were dif-
ficult to produce due to the cartilaginous nature of the gelatinized
wall layer, which tended to stretch and tear rather than cut cleanly
in these taxa. Hand sections tore easily, were usually off-centered,
and were either too thick or irregular to adequately observe the
hyphae in the gelatinized wall layer. Although plastic-embedded
sections are commonly used for studying the morphology of asco-
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matal walls, they proved inadequate for properly interpreting the
anatomy of the gelatinized wall layer, which appeared cellular since
most hyphae were cut transversely due to the extremely thin sections
produced using this method. Hanlin (1999), however, was able to
observe "slender, dark-staining hyphae" traversing the gelatinized
layer in C. palmicola (as shown in his Fig. 17) in 6-8 |.im thick par-
affin-embedded sections.

The interpretation of the composition of this wall layer can be
quite confusing and subjective. In fact, Lundqvist questioned the
interpretation of this wall layer, but in the end, he finally decided
that it was composed of more or less isodiametric cells with narrow
lumens (in lit. 3/2003). In all three methods of sectioning, either some
or most hyphae were sectioned transversely. As shown in Figs. 7 and
11 (black arrows), these hyphae appeared as angular cells with small
lumens (small circle) surrounded by very thick-walled, gelatinized
cell walls (larger circle). This is the most likely explanation for why
previous workers interpreted this wall layer as cellular. However, it
is now clear that the small circle refers to the actual cell wall of a
thin-walled hypha (Figs. 5, 6, 9-11). Although the nature of the lar-
ger circle remains uncertain, it is interpreted at this time as the outer
delimitation of some sort of gelatinous sheath which surrounds the
hyphae. This is most clearly seen in Fig. 11 in which a hyphal fila-
ment that has been sectioned longitudinally reveals gelatinous
material situated between a distinct inner cell wall (gray arrow-
head), which is transversed by a septum, and a faint outer wall (gray
arrow), which represents the outer limits of this gelatinous sheath.

The term pseudo-bombardioid has traditionally been used to
describe a non-stromatic ascomal wall containing a layer composed of
thick-walled, gelatinized cells (Lundqvist, 1972). However, this wall
layer is composed of interwoven hyphae in all nine species observed in
this study. Although the gelatinized wall layer in these taxa appears to
be morphologically similar [but probably not homologous, see
Lundqvist (1972: 60-61) for detailed discussion] to that found in spe-
cies of Bombardia (Fr.) Karst, and Bombardioidea Moreau, the term
"bombardioid" should not be applied here since this term describes
ascomatal walls with two stromatic outer wall layers, which are so far
only known to occur in members of Bombardia and Bombardioidea.
Therefore, the term pseudo-bombardioid should be maintained, but
emended to describe a non-stromatic ascomal wall containing a gela-
tinized layer composed of interwoven, thin-walled hyphae.

Acknowledgments

This study was supported in part by a NSF PEET (Partnerships for Enhan-
cing Expertise in Taxonomy, DEB-9521926) Grant to Dr. Sabine M. Huhndorf
through the Field Museum of Natural History and in part by a NSF DDIG (Doc-

272

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



toral Dissertation Improvement Grant, DEB-0105077) Grant to the author through
the University of Illinois at Chicago. The author was also supported during this
study by a Lester Armour Graduate Fellowship from the Field Museum of Natural
History. The author is most grateful to Drs. George Carroll, Fernando Fernandez,
Sabine Huhndorf, and Gary Samuels for providing specimens for this study. The
curators of the following herbaria are thanked for providing material on loan for
this study: F, GAM, RO, SIENA, TRTC, UPS. I am most appreciative to Prof. Nils
Lundqvist for sharing his thoughts on pseudo-bombardioid and bombardioid walls
and to him and Acta Universitatis Upsaliensis for allowing the reproduction of his
figure in this paper. I wish to thank Sabine Huhndorf for her guidance throughout
this study. I am most grateful for her suggestions and those of Dr. Christian
Scheuer and an anonymous reviewer which improved this paper. This work repre-
sents a portion of a thesis in partial fulfillment of the requirements for the doctoral
degree at the Graduate College of the University of Illinois at Chicago.

References

Bell, A. & D. P. Mahoney (1997). Coprophilous fungi in New Zealand. II. Podospora
species with coriaceous perithecia. - Mycologia 89 (6): 908-915.

Carroll, G. C. & A. Munk (1964). Studies on lignicolous Sordariaceae. - Mycologia
56: 77-98.

Furuya, K. & S.-I. Udagawa (1972). Coprophilous pyrenomycetes from Japan. I. -
J. Gen. Appl. Microbiol. 18: 433-454.

Hanlin, R. T. (1999). The morphology of Cercophora palmicola (Lasiosphaeriaceae).
- Amer. J. Bot. 86 (6): 780-784.
& O. Tortolero (1987). A new species and a new combination in Cercophora.
- Mycotaxon 30: 407-416.

Hilber, R. & O. Hilber (1979). Einige Anmerkungen zu der Gattung Cercophora
Fuckel (Lasiosphaeriaceae). - Z. Mykol. 45 (2): 209-233.

Holmgren, P. K., N. H. Holmgren, & L. C. Barnett (1990). Index Herbariorum I. -
New York Botanical Garden, Bronx, New York.

Huhndorf, S. M. (1991). A method for sectioning ascomycete herbarium specimens
for light microscopy. - Mycologia 83: 520-524.

Lundqvist, N. G. (1972). Nordic Sordariaceae s. lat. - Symb. Bot. Upsal. 20 (1):
1-374.

Munk, A. (1957). Danish Pyrenomycetes. - Dansk Bot. Ark. 17 (1): 1-491, figs.
1-202.

(Manuscript accepted 14th June 2003)

273

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Sydowia

Jahr/Year: 2003

Band/Volume: 55

Autor(en)/Author(s): Miller Andrew N.

Artikel/Article: A reinterpretation of the pseudo-bombardioid ascomal wall in
taxa in the Lasiosphaeriaceae. 267-273

https://www.zobodat.at/publikation_series.php?id=7377
https://www.zobodat.at/publikation_volumes.php?id=32198
https://www.zobodat.at/publikation_articles.php?id=126374

