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Abstract Wood decay activity of Omphalotus guepini-
formis, one of the most frequently occurring fruiting
bodies on beech coarse woody debris in cool temperate
forests in Japan, was estimated in situ by chronose-
quence with a five decay class system. The decay col-
umns of O. guepiniformis increased from decay class 1 to
decay class 2, where they occupied 20.2% of the total
area of cross sections, and was estimated to be a domi-
nant basidiomycete. The decay columns of O. guepini-
formis decreased after decay class 2 and were not
detected in decay class 5. The relative density of the decay
columns of O. guepiniformis decreased to 0.33 g cm�3 in
decay class 2 (58.9% of fresh beech wood) but did not
decrease thereafter. The lignocellulose index (LCI) of the
decay columns of O. guepiniformis slightly decreased
during the decay process while remaining in the range of
white-rot. In contrast, the decay columns of microfungi
increased in the later stages of decomposition and LCI
of these decay columns decreased significantly alongside
the decay process. These results suggest that O. guepin-
iformis has an important role in simultaneous decom-
position of acid-unhydrolyzable residue (AUR, Klason
lignin) and holocellulose in the early stages of beech log
decomposition, while holocellulose selective decompo-
sition by microfungi may occur in the late stages of
decomposition.
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Introduction

Fungi, and especially basidiomycetes, are the primary
agents of coarse woody debris (CWD) decomposition in
terrestrial forest ecosystems (Harmon et al. 1986; Boddy
1991). Differences in the fungal community structure
and the timing of colonization could affect carbon and
nutrient cycling and soil formation in forests via differ-
ence in CWD decomposition rates and decay types of
wood (e.g., white-, brown-, and soft-rot) (Means et al.
1992; Progar et al. 2000; Barker 2008). However, few
studies have demonstrated the extent to which fungi
actually decay wood within CWD under field conditions
or have evaluated the wood decay activity of certain
fungi throughout the entire decay process (Temnuhin
1996).

Wood-inhabiting fungi, especially basidiomycetes
and xylariaceous ascomycetes, form exclusive colonies
called ‘‘decay columns’’ within CWD (Rayner and
Boddy 1988). The decay column is covered with mel-
anized hyphal mats called pseudosclerotial plates (PSPs)
or pigmented hyphae growing at the confrontation re-
gions of different mycelia that were observed in cross
sections of the wood as zone lines (Lopez-Real and Swift
1975). Thus, the occurrence of wood decay fungi within
decaying CWD can be quantified by measuring the de-
cay columns (Coates and Rayner 1985a, 1985b, 1985c;
Fukasawa et al. 2002), and wood decay activities of
certain fungi in CWD can be quantified by measuring
the decomposition that occurs in each decay column
(Rayner and Boddy 1988; Boddy et al. 1989).

Omphalotus guepiniformis (Berk.) Neda (‘‘Tsukiyo-
take’’ in Japanese) is a luminescent and poisonous
pleurotoid basidiomycete growing on beech wood (Neda
2004). Our previous studies in a cool temperate natural
forest revealed that (1) O. guepiniformis is the most
frequently occurring fruiting body on beech CWD
(Fukasawa et al. 2009a); (2) mycelia of O. guepiniformis
(denoted as Lampteromyces japonicus) colonize the
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largest volume of beech CWD compared to the other
fungal species in the intermediate stage of decomposi-
tion (Fukasawa et al. 2005b); (3) O. guepiniformis
(denoted as L. japonicus) decays lignin and holocellulose
of beech wood simultaneously under sterile laboratory
culture conditions (Fukasawa et al. 2005a). Thus, it is
estimated that O. guepiniformis has a central role in
lignocellulose decomposition of beech CWD in cool
temperate natural forests in Japan. O. guepiniformis is
classified as ‘‘Vulnerable’’ in the Red Data Book because
of the disappearance of beech forests (Environment
Agency of Japan 2000). Quantitative research is required
to evaluate the functional importance ofO. guepiniformis
in the decomposition process of beech CWD.

The aims of the present study are to demonstrate the
dynamics of decay columns of wood-inhabiting fungi
within decaying CWD of Japanese beech (Fagus crenata
Blume) and the wood decay activities of those fungi
especially focused on O. guepiniformis in a natural
condition. We investigated beech logs at various stages
of decomposition and estimated their decay processes by
chronosequence method in which logs decaying on the
forest floor are classified into decay classes based on
combinations of visual and physical properties (Berg
and McClaugherty 2003). Differences in CWD proper-
ties observed between decay classes are regarded as
changes during the decay process. These chronose-
quence methods have been used to describe CWD
decomposition on the forest floor (Lambert et al. 1980;
Means et al. 1992; Bütler et al. 2007; Fukasawa et al.
2009a).

Materials and methods

Sampling site

The study was carried out in a cool temperate decid-
uous forest dominated by Fagus crenata and Quercus
crispula in Ashiu Experimental Forest of Kyoto Uni-
versity (35�18¢N, 135�43¢E) about 40 km north of
Kyoto, Japan. The mean annual temperature is about
10�C and the mean monthly temperature ranges from
0.4 in January to 25.5�C in August. The mean annual
precipitation over a 56-year period has been 2,495 mm.
The study area was located in the Sea of Japan coastal
regions where heavy snow covered the ground (over 2 m
depth in max) in the winter period from December to
April.

Fungal isolation

A total of 50 logs of beech were marked along a 3-km
walkway including the ridge and bottom of several
slopes. All logs had fallen naturally in the sampling site.
The time after their fall is unknown. The diameter of the
logs ranged from 13 to 53 cm. Logs of beech were
identified by bark texture and xylem ray distribution of

wood tissues using the keys reported by Shimaji et al.
(1980). We assigned each log of beech to 1 of the 5 decay
classes (10 logs per decay class) using visual and physical
criteria after Fukasawa et al. (2009a) as follows:
(1) wood hard, knife penetrates only a few millimeters
into the wood, bark and twigs (diam <1 cm) intact;
(2) wood rather hard, a knife penetrates less than 1 cm
into the wood, bark and twigs starting to lost, branches
(diam 1–4 cm) intact; (3) wood distinctly softened, knife
penetrates ca. 1–4 cm into the wood, bark and branches
partly lost, original log circumference intact; (4) wood
strongly decayed, knife penetrates ca. 5–10 cm into the
wood, bark lost in most places, original log circumfer-
ence disintegrating; (5) wood very strongly decayed, ei-
ther to a very soft crumbly substance, or is flaky and
fragile, knife penetrates in most places more than 10 cm
into the wood, original log circumference not or hardly
recognizable.

From each log in decay classes 1–4, a disk, approxi-
mately 10 cm in thickness, was cut from an intermediate
part of the log using a chainsaw. The disks were bagged,
stored at 5�C, and processed within 48 h. One cross
section of each disk was observed and the fungal decay
columns were distinguished by zone lines and wood
discoloration. From each disk, small wood chips
(approximately 2 mm3) were cut from the cross sections
at nine fixed positions corresponding to the sapwood,
outer, and inner heartwood (Fig. 1). Additional wood
chips were taken from cross sections of all areas in which
there was discoloration due to fungal colonies (Fig. 1).
From each log in decay class 5, wood cubes (approxi-
mately 8 cm3) were collected from the cross sections at
nine fixed positions described above (Fig. 1) in the field,
and then a wood chip (approximately 2 mm3) was col-
lected from each sample in the laboratory. The disks and
wood cubes were collected between July and December
2006.

All wood chips were aseptically cut out from the disks
or cubes using flamed chisel and transferred to Petri
plates containing both of the two different media: malt
extract agar (MA; 2% malt extract, 1.5% agar, w v�1;

Sapwood

Outer heartwood

Inner heartwood

Ground line

Fig. 1 Distribution of sampling points of wood chips within a cross
section of a log for fungal isolation. Black square represents nine
fixed sampling points. Grey square represents additional sampling
point in a distinguished fungal colony
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Nacalai Tesque, Kyoto, Japan), and malt extract agar
containing benomyl (2 mg l�1; Sumitomokagaku,
Tokyo, Japan). The first medium was intended to isolate
all the fungi, and the second medium was intended to
detect slow-growing fungi such as basidiomycetes by
preventing rapid growth of ascomycetes by benomyl.

The plates were incubated at 20�C for 2 months. Once
fungal colonies formed in the agar plates, each colonywas
transferred to a new agar plate to grow as a pure culture.
Identification of these fungi was based on colony features
of the cultures and their morphologies, which were
determined microscopically. Mycelia of O. guepiniformis
were identified by their thick, bright-orange-colored col-
onies with slightly purplish centers on MA medium and
by their blue aerial hyphae with brown knots under the
microscope (Fukasawa 2003). Other fungi were catego-
rized into ‘‘other basidiomycetes’’, ‘‘microfungi’’ and
‘‘sterile fungi’’. Mycelia of basidiomycetes were distin-
guished by clamp connections or characteristic rhizo-
morphs. In this study, we call anamorphic ascomycetes
and zygomycetes as ‘‘microfungi’’. Further information
about species composition and succession of microfungi
obtained from this series of studies were described else-
where (Fukasawa et al. 2009b).

The area of decay columns of O. guepiniformis and
fungi in the other categories were measured on a pho-
tocopy of the cross section of each disk in decay classes
1–4 using the computer program ImageJ version 1.41
(National Institutes of Health 2008) and expressed as
percentage of the area within all the ten cross sections in
each decay class. Although well-established decay col-
umns of basidiomycetes are usually occupied exclusively
by a single species (Rayner and Boddy 1988), in some
cases, such as replacement or mycoparasite, there exist
more than two species in single decay column (Boddy
et al. 1989). In this study, the decay columns from which
only O. guepiniformis was isolated were designated as
decay columns of O. guepiniformis in order to evaluate
sole decay functions of this fungus without effects of
other organisms. If a decay column included more than
two isolation points and from which fungi in the dif-
ferent categories were isolated, a boundary between the
colonies of them was determined tentatively as a vertical
line across the midpoint of a line between the two iso-
lation points.

Physicochemical properties

Wood samples were taken from each isolation point
(Fig. 1) of each disk using an electric drill (drill bit,
length: 24 cm, diameter: 9 mm). The drill bit was drilled
into a disk from one cross section to penetrate the disk,
and all the wood particles drilled out were sampled. The
depth of each drill hole was measured. In the logs of
decay class 5, residues of wood cubes after fungal iso-
lation were used for physicochemical analyses.

Wood samples were weighed fresh and then dried to a
constant weight at 40�C. The water content of each
wood sample was expressed as a percentage of a dry
weight of the sample. The relative density (g cm�3) of
the sample (also known as bulk density or apparent
density) was calculated as dry weight of sample divided
by the volume of drill hole. Relative density is an ade-
quate measure of the degree of decomposition in dead
wood as long as original shape and volume of the log
was maintained (Yoneda 1975; Christensen 1984). Rel-
ative density was not calculated for wood of decay class
5 because the original wood shape and volume was not
maintained.

The dried wood samples were ground in a labora-
tory mill to pass a 0.5-mm screen and used for chem-
ical analyses. Analyses were conducted from February
to May 2007. The amount of acid-unhydrolyzable
residue (AUR, also known as the acid-insoluble residue
or ‘‘Klason lignin’’ fraction) in the sample was esti-
mated gravimetrically using hot sulphuric acid diges-
tion (King and Heath 1967). Samples were extracted
with alcohol–benzene at room temperature and the
residues treated with 72% sulphuric acid (v v�1) for 2 h
at room temperature with occasional stirring. The
mixture was then diluted with distilled water to make a
2.5% sulphuric acid solution and autoclaved at 120�C
for 60 min. After cooling, the residue was filtered and
washed with water through a porous crucible (G4),
dried at 105�C, and then weighed. The filtrate (auto-
claved sulphuric acid solution) was used for total car-
bohydrate analysis by the phenol–sulphuric acid
method (Dubois et al. 1956). Five percent phenol (v
v�1) and 98% sulphuric acid (v v�1) were added to the
solution. The optical density of the solution was then
measured by a spectrophotometer at 490 nm using the
known concentrations of D-glucose as standards. Since
wood contains very little carbohydrate other than ho-
locellulose, measured amounts of the total carbohy-
drate were regarded as the amount of holocellulose in
this study.

The final residue left after acid hydrolysis during
chemical analysis contains a mixture of organic materi-
als that is not a single chemical compound such as lignin.
Preston et al. (1997) demonstrated through NMR
analysis that the organic residue prepared from acid
hydrolysis of a variety of litter types contains a mixture
of organic compounds including not only lignin but also
condensed tannins and waxes. In the present study we
use the term AUR to refer the organic residue left after
chemical analysis.

Lignocellulose index (LCI) is a useful index of litter
chemical quality (Osono and Takeda 2001) and is cal-
culated according to the following equation:

LCI ¼ holocellulose concentration=

ðAURconcentrationþ holocellulose concentrationÞ:
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Statistical analysis

A two-way ANOVA was employed to compare wood
physicochemical properties (relative density, LCI, and
water content) among the decay columns of O. guepin-
iformis, other basidiomycetes and microfungi. Decay
classes 1–4 and the categories of the fungi were set as
factors. Data of decay class 5 were not used in the
analysis because no decay columns of O. guepiniformis
were present in decay class 5. A one-way ANOVA was
used to compare wood physicochemical properties
among the decay classes, followed by Tukey’s HSD test
(p < 0.05) for decay columns of each fungal category
separately. All statistical tests were performed using
JMP version 5.1.1 software (SAS Institute 2004).

Results

From 674 wood chips (average 13.5 chips per log), 1,490
isolations were made. Of these isolations, 1,394 yielded
fungal isolates. Figure 2 shows the percentage area of the
decay columns of the detected fungal categories in cross
sections. O. guepiniformis increased from 5.8% in decay
class 1 to 20.2% in decay class 2 and then decreased to
3.0% in decay class 4. O. guepiniformis was not detected
in decay class 5. The percentage area of the decay col-
umns of other basidiomycetes, as with O. guepiniformis,
increased from decay class 1 to decay class 2 and then
decreased to decay class 4. On the other hand, the decay
columns of microfungi decreased from decay class 1 to
decay class 2 due to the increase in basidiomycetes, then
increased thereafter to 65.5% in decay class 4. The decay
columns of sterile fungi were largest in decay class 1 and
decreased during the decay process.

Figure 3 shows the distribution of the decay columns
of O. guepiniformis observed in cross sections of beech
logs. In decay class 1, the decay columns of O. guepini-
formis were detected in three of ten logs. They were
mainly distributed in the sapwood, from a very small
area near the upper surface of the log (#649) to a larger
area (#725 and #722). In decay class 2, the decay col-
umns were detected in three of ten logs. They were not
only largely distributed in the sapwood (#667 and #639)
but also in the heartwood (#666). In decay class 3, the
decay columns were detected in two of ten logs. They
were largely distributed in the heartwood and to a lesser
extent in the sapwood. In decay class 4, the decay col-
umns were detected in two of ten logs. Their distribu-
tions were restricted to small parts of the cross sections.

Two-way ANOVA showed both fungal categories
and decay classes as well as their interaction, which
significantly influenced physicochemical properties of
wood (relative density, LCI, and water content)
(Table 1). Mean values of the relative density of the
decay columns of O. guepiniformis decreased from decay
class 1 to decay class 2, reaching 0.33 g cm�3 in decay
class 2 and increased again from decay class 2 to
decay class 4 (Table 2). On the other hand, the relative
densities of the decay columns of other basidiomycetes
and microfungi decreased throughout the decay process
and reached 0.28 and 0.17 g cm�3, respectively, in decay
class 4. LCI of the decay columns of O. guepiniformis
slightly decreased from decay class 1 to decay class 2 and
then remained constant thereafter (Table 2). On the
other hand, LCI of the decay columns of microfungi
decreased throughout the decay process and reached
0.576 in decay class 5, suggesting selective decomposi-
tion of holocellulose. Water content of the decay col-
umns of O. guepiniformis fluctuated between 45 and
93%, while the range was substantially smaller com-
pared to the water contents of the decay columns of
other basidiomycetes and microfungi that increased
throughout the decay process and reached 631 and
574%, respectively, in decay class 5.

Discussion

Where does wood decomposition by O. guepiniformis
occur in the decaying beech logs and when does it occur
in the decay process? This study clearly shows that
O. guepiniformis colonizes the sapwood of recently fallen
beech logs and extends its decay columns from the
sapwood to the heartwood throughout the decay pro-
cess. The decay columns were mainly distributed in the
sapwood near the upper surface of the logs in decay class
1, suggesting that O. guepiniformis probably colonizes
the log via airborne spores. The percentage area of the
decay columns of O. guepiniformis reached a maximum
(20.2%) in decay class 2. We recorded 18 species of
fruiting bodies of basidiomycetes (Fukasawa et al.
2009a) and 22 species of microfungi (Fukasawa et al.
2009b) from beech logs in decay class 2. Furthermore,

1 2 3 4
0

10

20

30

40

50

60

70

80

90

100

O. guepiniformis

Other basidiomycetes

Microfungi

Sterile fungi

Unknown or bacteria contamination

No fungi

A
re

a 
w

ith
in

 c
ro

ss
 s

ec
tio

n 
(%

)

Decay class
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unknown or bacteria contaminated area on the total area of all
the ten cross sections at each decay class
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Fig. 3 Distributions of all decay columns of Omphalotus guepini-
formis detected in cross sections of beech logs (grey area). The
vertical direction of each cross section reflects the real direction in
the field. Solid lines are boundaries between fungal decay columns
determined by zone lines or wood discoloration. Dotted lines near

the center of each cross section are the boundaries between the
heartwood and sapwood. The identification number of each log is
shown below each cross section. a Decay class 1; b decay class 2;
c decay class 3; d decay class 4. Bar 10 cm

963



many non-cultivable fungi that could not be isolated in
this study may exist within the logs (Vainio and Hantula
2000). Therefore, O. guepiniformis, singly occupying
20.2% of the total area of the cross sections, is estimated
to be a dominant fungus in beech logs for decay class 2.
Nevertheless, even for decay class 2, the decay columns
of O. guepiniformis were detected in only three of ten
logs, suggesting that there is a significant variation
among the logs as to whether O. guepiniformis domi-
nates. We have previously found the same trend that the
percentage of volume colonized by O. guepiniformis
varied from 3.1 to 92.7% among five beech logs for
decay class 3 (diameter 10.7–20.5 cm) (Fukasawa et al.
2005b). Biotic factors such as local spore source (Vasil-
iauskas et al. 2005) and abiotic factors such as moisture
and temperature conditions (Rayner and Boddy 1988;
Yang 2005) may affect fungal community structure
within CWD.

What proportion of the wood components was de-
cayed by O. guepiniformis? This study demonstrates that
the mean values of the wood relative density of the decay
columns of O. guepiniformis decreased to 0.33 g cm�3,
which represents 58.9% of fresh beech wood (0.56 g
cm�3, Fukasawa et al. 2009a). During this period, LCI
values of the decay columns slightly decreased but were in
the ranges of ‘normal-like’ white-rotted wood (0.65–0.84)
determined byKawase (1962), i.e., not different fromLCI
of fresh wood. These results suggest thatO. guepiniformis

decays AUR and holocellulose of beech wood simulta-
neously in their decay columns under field conditions.We
previously reported that O. guepiniformis decayed AUR
and holocellulose simultaneously under sterile laboratory
culture conditions (Fukasawa et al. 2005a). Although the
decay columns of O. guepiniformis extended to the
heartwood in decay classes 3 and 4, progressive wood
decomposition was not detected in the decay columns of
this fungus during this period. This may be partly due to
the replacement ofO. guepiniformis bymicrofungi in well-
decayed areas, as shown in Fig. 2, and thus, the decay
columns ofO. guepiniformismay be restricted to relatively
undecayed areas such as the heartwood. Wood decom-
position by O. guepiniformis may be reduced in the
heartwood because the heartwood of beech is called ‘false
heartwood’ or ‘red heart’ and includes polyphenolics that
have antifungal activity (Hillis 1987).

On the other hand, the relative density of the decay
columns of other basidiomycetes and microfungi de-
creased even after decay class 2. We previously reported
that fruiting bodies of white-rot basidiomycetes, such as
Steccherinum rhois and Trichaptum biforme, frequently
occurred on the beech logs in decay classes 1 and 2
(Fukasawa et al. 2009a). Since both of these species were
revealed as capable of decaying AUR and holocellulose
simultaneously (Fukasawa et al. 2005a), the role of
other basidiomycetes, especially in the early stages
of beech log decomposition, may be similar to that of

Table 1 Results of two-way ANOVA comparing relative density, LCI, and water content of decay column

Fungia Decay classb Fungi · decay class

df F p df F p df F p

Relative density (g cm�3) 2 24.53 <0.0001 3 60.57 <0.0001 6 14.06 <0.0001
LCI 1 51.45 <0.0001 3 18.62 <0.0001 3 10.97 <0.0001
Water content (%) 2 37.68 <0.0001 3 21.57 <0.0001 6 7.58 <0.0001

The numbers of analyzed samples are shown in Table 2
aO. guepiniformis, other basidiomycetes or microfungi. LCI data for other basidiomycetes were not included
b1–4

Table 2 Relative density (g cm�3), LCI, and water content (%) of decay columns of fungal categories

Fungi Decay class

1 2 3 4 5

Relative density
O. guepiniformis 0.47 ± 0.02 (15)a 0.33 ± 0.02 (29)b 0.40 ± 0.03 (21)ab 0.48 ± 0.04 (8)a –
Other basidiomycetes 0.56 ± 0.01 (21)a 0.38 ± 0.02 (46)b 0.28 ± 0.03 (26)c 0.28 ± 0.02 (12)c –
Microfungi 0.56 ± 0.01 (52)a 0.33 ± 0.02 (49)b 0.18 ± 0.01 (75)c 0.17 ± 0.01 (122)c –
LCI
O. guepiniformis 0.755 ± 0.006 (13)a 0.727 ± 0.004 (29)b 0.728 ± 0.006 (21)b 0.733 ± 0.009 (8)ab –
Microfungi 0.752 ± 0.004 (37)a 0.698 ± 0.013 (17)ab 0.661 ± 0.009 (36)b 0.589 ± 0.012 (49)c 0.576 ± 0.012 (53)c
Water content
O. guepiniformis 61 ± 1.3 (15)bc 92 ± 8.6 (29)a 45 ± 2.3 (21)c 93 ± 24.6 (8)ab –
Other basidiomycetes 58 ± 2.4 (21)c 78 ± 5.9 (46)c 209 ± 31.2 (26)bc 290 ± 42.1 (12)b 631 ± 124.8 (16)a
Microfungi 63 ± 2.3 (52)d 167 ± 20.9 (49)d 348 ± 25.2 (75)c 441 ± 20.0 (122)b 574 ± 25.6 (68)a

Values indicate average ± standard error. Numbers in parenthesis are the numbers of analyzed samples. The same letter indicates no
significant difference between decay classes
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O. guepiniformis. In the later stages of decomposition,
fruiting bodies of basidiomycetes such as Mycena
haematopus and Pluteus spp. have frequently been re-
corded, although their role in beech log decomposition is
still obscure (Fukasawa et al. 2009a).

Because the percentage area of the decay columns ofO.
guepiniformis and other basidiomycetes decreased and
that of microfungi increased after decay class 2, it is esti-
mated that a part of the decay columns of microfungi in
decay classes 3–5 had been colonized by O. guepiniformis
or other basidiomycetes during the earlier decay classes.
Our previous report showed that several species of mi-
crofungi known as soft-rot fungi, such as Trichoderma
spp., were frequently isolated from later stages of beech
log decomposition (Fukasawa et al. 2009b).Holocellulose
decay abilities of soft-rot microfungi would be stimulated
by the prior delignification by white-rot fungi (Tanaka
et al. 1988). The high water content observed in the decay
columns of microfungi is suitable for soft-rot fungal
activity (Eriksson et al. 1990; Worrall and Wang 1991)
instead of the decay columns of O. guepiniformis, where
the range of the water content is within that level suitable
for basidiomycetes (Schmidt 2006).

To summarize, this study clearly shows that O. gue-
piniformis decayed beech logs at the sampling site as
follows: (1) during the period of decay classes 1–2;
(2) mainly in the sapwood; (3) 20.2% of the total area of
cross sections of the logs were colonized by O. guepini-
formis; (4) wood mass was decomposed to 58.9% of the
original mass in the decay columns of O. guepiniformis at
decay class 2; (5) wood organic components (AUR and
holocellulose) were decayed simultaneously (simulta-
neous white-rot). These results suggest that O. guepini-
formis has an important role in beech log decomposition,
causing simultaneous white-rot in the early stages of
decomposition. Further research such as laboratory de-
cay tests is needed to reveal the effects of prior decom-
position by O. guepiniformis on successive wood
decomposition by other fungi; moreover, actual identi-
fication of wood-inhabiting mycelia of basidiomycetes by
molecular techniques are required to reveal the mecha-
nisms of resource partitioning among wood-inhabiting
fungi for a better understanding of the fungal decay
processes in beech CWD.
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