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ABSTRACT: The amount, variability and quality of coarse woody debris (CWD) in an oak-dominated natural forest
reserve in Austria were studied in 2006. The average volume of CWD (snags and logs) was 107.3 m®/ha, which accounted
for 39% of the total living volume. Among the CWD, on average, 23.4 m3/ha (22%) were snags and 83.9 m3/ha (78%)
were logs. According to quality aspects the CWD displayed a wide range of variation in tree species, tree size, stage of
decay, and structural characteristics, creating a high diversity of CWD habitats for microorganisms. Among the three
forest associations, the highest amount of CWD was found in the mesic Galio sylvatici-Carpinetum association. The
results of this study are discussed as reference values for a close-to-nature management of oak-dominated broadleaved

submontane forests emphasizing conservation management.
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Coarse woody debris (CWD) plays a conspicuous
role for both the functioning and the biodiversity of
forest ecosystems (HARMON et al. 1986). It is an indi-
cator that captures many elements of naturalness and
is becoming a general reference for natural forests
in Europe. In order to determine the naturalness of
forest ecosystems, CWD has become an important
indicator (GRABHERR et al. 1998). The volume of
standing and fallen CWD is an important Pan-Euro-
pean indicator for sustainable forest management in
Europe (criterion 4: maintenance, conservation and
appropriate enhancement of biological diversity in
forest ecosystems, MCPFE 2003). For the interests
of conservation management, efforts are being made
to raise levels towards those found in natural forests
(HArRMON 2001). In natural forests CWD can be
found across a wide range of spatial and temporal
scales (ROUVINEN, KUULUVAINEN 2001). CWD
quantities are normally much lower in managed for-
ests than in unmanaged old-growth forests, as most
of the large-sized harvestable timber is extracted
(GREEN, PETERKEN 1997; KIrRBY et al. 1998; ODOR,
STANDOVAR 2001). Tree mortality in natural forests
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is caused by natural disturbances (KARJALAINEN,
KuuLuvAINEN 2002) which largely differ in terms
of quality and quantity (ENGELMARK 1999). The
amount of CWD differs from one forest type to an-
other, one species to another and one diameter class
to another (KARJALAINEN, KUULUVAINEN 2002). On
the other hand, the decomposition rate depends on
several factors, such as tree species, tree size, wood
quality, and climate, which control the activity of de-
composing organisms (HARMON et al. 1986). In this
context natural reserves, which have along history of
protection, may serve as a guideline for natural levels
of CWD. The natural forest reserves network of Aus-
tria serves as a reference for biotype assessment and
ecological monitoring (FRANK, MULLER 2003).
There is currently no scientific review of natural
deadwood levels for oak forests in temperate Eu-
rope. However, suitable natural forest reference sites
are scarce within the oak forest zone particularly
in submontane areas where no untouched forests
have survived and very few sites have been strictly
protected for more than few decades. Researches
on CWD structural diversity under absolute natural
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Table 1. Decay classes of CWD

Decay class  Characteristics

A Tree recently died, fresh cambium, no damage

m 9 QO w

Slight decay of sapwood but heartwood fresh, early phase of decaying
Heartwood starts to rot, intermediate phase of decaying

Heartwood fully decayed, advanced phase of decaying

Heartwood fully decayed, advanced phase of decaying

conditions in different forest associations are also
scarce; especially the role of dead wood in coppice
forests is unknown in Central and Northern Europe,
where coppice forests take up just a small percent-
age of the total forest area. In Austria most coppice
forests are located in the eastern parts of the country
with prevailing oak-dominated vegetation covering
about 2% of the total forest area. The present study
conducted in Lange-Leitn Natural Forest Reserve,
Austria, was aimed to estimate the amount of CWD
in three oak-dominated forest associations managed
as coppice forests in the past, to examine CWD
quality and to find out the variability of CWD under
absolute natural conditions.

MATERIALS AND METHOD

The study site in the Lange-Leitn Natural For-
est Reserve consists of 29 ha forested land near to
Neckenmarkt in Burgenland, at the borderline to
Hungary. The natural forest reserve is located in
the colline and submontane vegetation zone with
prevailing oak-dominated vegetation. The forests
have been used for coppice production but there
have been only minimum human interventions in
the forests since 1935. This forest was included in
the Austrian Natural Forest Reserves Programme
in 1996 and was assigned the first natural forest re-
serve by the Federal Office and Research Centre for
Forests in compliance with the Helsinki Resolution
H2 (MCPFE 1993). The sites are characterized by
brown podzolic soils with an elevation ranging from
415 t0 490 m a.s.l. The average temperature is about
9°C with annual precipitation including snowfall
around 850 mm. The duration of snow cover varies
from 60 to 80 days with a maximum of 50 cm snow
thickness, which allows a length of 250 days of the
growing season per year approximately. The forests
are dominated by oak (Quercus petraea, Quercus
cerris and Quercus sp.) with an admixture of horn-
beam (Carpinus betulus), birch (Betula pendula)
and European beech (Fagus sylvatica). Three forest
associations were found according to WILLNER and
GRABHERR (2007): (i) Mesic Galio sylvatici-Carpi-
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netum (GSC); this association was found on humid
lower slopes of comparatively deeper (20-30 cm
deep) and alkaline soils taking up the area of 20 ha.
(ii) Semi-dry Luzulo-Quercetum-typicum (LQT);
this association was found on middle slopes of 10 to
20 cm deep and slightly acidic soils taking up the area
of 7 ha. (iii) Dry Luzulo-Quercetum-Calluna (LQC);
this association was found on dry slopes of 5-10 cm
deep and acidic soils taking up the area of 1.7 ha.

Data were collected on 24 circular permanent
sample plots of an area 300 m? each on a regular
grid with a distance of 100 m. The plots were distrib-
uted among the three forest associations as follows:
18 plots on GSC, 4 plots on LQT and 2 plots on
LQC. Dead wood is defined in this study as stand-
ing deadwood or snags (= 5 cm dbh and > 1.3 m
height) and lying deadwood or logs (> 10 cm mid
diameter). Deadwood was classified on the basis of
structural characteristics (Table 2) and decay phase
(Table 1). A height curve was developed for snags
derived from PRODAN (1965) and the volume was
calculated for logs considering a cylinder following
Huber’s formula.

RESULTS
Quantity of deadwood

The mean volume of CWD (snags and logs) was
107.3 m3/ha, of which 23.4 m3/ha (22%) were snags
and 83.9 m3/ha (78%) were logs. On the GSC, LQT
and LQC the mean volume of dead wood was
118.2 m?/ha, 83.1 m?/ha and 57.2 m3/ha, respec-
tively. Among the associations LQT had the lowest
amount of logs (62% of total volume) and GSC had
the highest amount (81% of total volume) (Table 3).

Based on the total results the proportion of CWD
in relation to the living tree volume was 39%. There
were differences between the associations in the vol-
ume of CWD, in the proportion of CWD to the living
tree volume and in the proportion of the log volume
to the total CWD volume. The lowest proportion
of CWD in relation to the living tree volume was
found on LQC (31%) and the highest on GSC (40%).
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Table 2. Structural class of CWD

Structural class Characteristics

1 Recently died tree having leaves, twigs and branches with intact outline that is covered by bark

NN R W

Dead tree having some leaves and branches, with smooth intact outline

Dead tree missing leaves and having small branches with smooth intact outline
Dead tree missing small branches with some lost outline

Standing dead tree with broken down trunk (>1.3 m height)

Uprooted dead tree or dead tree snapped at ground level

Stump (< 1.3 m height) with broken down trunk

Although the total amount of CWD in relation to
the total volume of living trees is high, there were no
statistically significant differences between the three
forest associations due to the imbalanced number of
sample plots for each association (Table 3).
According to the tree species oak accounted for
96.8 m3*/ha CWD whereas hornbeam accounted for
4.6 m3/ha. There were huge variations between oak
and hornbeam in the proportion of CWD in the total
volume of living trees. A higher proportion was found
with oak (42%) and a lower one with hornbeam (14%).
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Diameter classes

Fig. 1. Diameter distribution of CWD (by number) in differ-

ent species

There were slight differences between oak and horn-
beam in the proportion of logs and total deadwood
volume. The proportion of logs and CWD volume
was higher in oak than hornbeam (Table 3).

Quality of deadwood

The diameter distribution of logs showed a reverse
J-shape pattern apparently (Fig. 1). The number of
stems diminished with increasing diameter. There
was a single exception with oak, which had more
stems in the 10-15 ¢cm diameter class than in the
5-10 cm diameter class. The largest diameter of
hornbeam stem did not exceed 20 cm, where in
oak it exceeded 30 cm diameter. Most of the horn-
beam individuals (75%) were within the 5-10 cm
diameter class. Considering all deadwood together
the 10-15 cm diameter class comprised the high-
est number of individuals (42%), followed by 5-10,
15-20, 20-25, 25-30 and > 30 cm diameter class
(Fig. 1). The height distribution classes also indicated
a reverse J-shaped pattern having a similar single
exception because a higher number of stems was
found in the 5-10 m height class than in the < 5 m
height class (Fig. 2).

Taking into account the total CWD volume, decay
class B was most abundant (51%), followed by class C

Table 3. Distribution of CWD for different species and forest associations

Total livin Ratio of Proportion Proportion
Snag vol. Logvol.  Total CWD VI8 CWDand p p
Items Name 3 3 3 tree vol. - of snagvol.  oflog vol.
(m?/ha) (m?/ha) vol. (m3/ha) (m®/ha) living tree %) %)
vol. (%) ’ ’
Oak 21.6 75.2 96.8 232.9 42 22 78
Species Hornbeam 1.2 3.4 32 14 26 74
Other 0.6 5.3 11.7 50 10 90
GSC 22.8 95.4 118.2 292.9 40 19 81
Associations LQT 31.6 51.5 83.1 248.4 34 38 62
LQC 12.8 44.4 57.2 185.7 31 22 78
Overall 23.4 83.9 107.3 276.5 39 22 78
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Fig. 2. Height/length distribution of CWD (by number) in

different species

(43%), A (3%) and D (2%). Decay class E (fragmented
heartwood and ill-defined wood) was only 1% of
the total CWD volume. Comparing the tree species
decay, class B was the most abundant for oak fol-
lowed by decay class C whereas decay class C was
the most abundant for hornbeam followed by decay
class B (Table 4). In the GSC association all 5 decay
classes were present whereas LQT and LQC lacked
the advanced decay phases (Table 4). Structural
class 4 was the most abundant in all associations
followed by class 7 in GSC and LQT, and class 2 in
LQC. In LQT and LQC only 3 structural classes out
of 7 were present whereas in GSC, 6 classes out of
7 were found. Class 5 was absent in all associations.
Structural class 4 was the most abundant followed
by class 7 in all species (Table 4).

DISCUSSION

Quantity of deadwood

The mean volume of total CWD was 107.3 m3/ha in
this natural forest reserve. A comparison of the results
with other published data is hampered by the fact that
most studies were conducted in beech-dominated
natural reserves in the montane and submontane re-
gions of Europe (CHRISTENSEN et al. 2005). SANIGA
and ScHUTZ (2001a) reported 102 m3/ha, 103 m3/ha
and 108 m3/ha of CWD in Kyjov, Havesova and Rozok
forest reserve of Slovakia and Korper (1997) found
108 m3/ha of CWD in Stuzica 4 and Stuzica 5 for-
est reserve. ODOR and STANDOVAR (2003) reported
106 m3/ha of CWD in Kekes forest reserve of Hun-
gary. All these forest ecosystems are beech-dominated
submontane forests. However, the average amount of
CWD of this natural reserve can be compared to old-
growth oak-beech (Quercus-Fagus grandifolia) forests
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in Tennessee reported in North America (HARMON
et al. 1986). As the average volume of CWD in these
Quercus-Fagus grandifolia forests ranged from 82 to
132 m?/ha, it could be assumed that the Lange-Leitn
natural reserve tends to be classified as an old-growth
forest though it was established as natural reserve
one decade ago and the last intensive management
activities took place in 1935. WiLsoN and Mc-
ComB (2005) reported 19.5 m3/ha volume of CWD
in a study of 20 years dynamics of CWD in a New
England oak forest whereas in the Lange-Leitn re-
serve 107.3 m3/ha of CWD were found. It can be
assumed that a big proportion of snags and logs
died during the last decade. A reason for this might
be the fact that the advanced decay classes (class D
and class E) contributed only 3% of the total CWD
volume and the early decay stage (class B) and fresh
stage (class A) contributed 54% of the total CWD
volume. The mean volume of snags was 23.4 m3/ha
(22% of total CWD) and that of logs was 83.9 m?/ha
(78% of total CWD). A similar ratio of snags and logs
was found by JawoRrski et al. (1999), LABUDDA (1999),
KOLBEL (1999), MEYER (1999), SANIGA and SCHUTZ
(2001a) in submontane beech-dominated reserve for-
ests of Slovakia, Poland and Germany.

The highest volume/ha of CWD was found in GSC
(mesic) followed by LQT (dryish) and LQC (dry) as-
sociation. In a study by UoTILA et al. (2001) in east-
ern Finland and Russian Karelia, the mean volume
of total CWD was higher in mesic than in sub-xeric
sites and in another study by KARJALAINEN and
KUULUVAINEN (2002) in Eastern Fennoscandia, the
mean volume was highest at the mesic site followed
by dry and dryish sites. It could be assumed that
the moist site produces a higher amount of CWD
than the dry site. The proportion of logs and total
CWD volume (81%) and the share of advanced de-
cay phases (class D and E) were highest in the mesic
association among the three forest associations. So,
the decomposition rate is more rapid on the mesic
site due to a possibly higher average temperature
and higher humidity followed by a higher decom-
position rate of CWD (STOKLAND 2001; HAHN,
CHRISTENSEN 2004).

For oak the relation of CWD and living tree volume
was 42%, for hornbeam about 14% were found, which
might indicate that the mortality of hornbeam is
higher than that of oak. The overall relation of CWD
to living trees was 39%. This result was similar to
the results found by SANIGA and ScHUTZ (2001b),
VRSKA et al. (1998), and Koor and HILGEN (1987)
in beech-dominated forest reserves in Slovakia,
Czech Republic and France although those reserves
were established a longer time ago compared with
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Table 4. Distributions of CWD classes among different species and forest associations
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Lange-Leitn. CHRISTENSEN et al. (2005) reported
that montane reserves established a longer time ago
had a higher ratio of CWD and living tree volume
than submontane reserves which have been estab-
lished recently. The findings of this study are partly
in line with this argument as the submontane cop-
pice forests were established as a natural reserve one
decade ago and the last intensive management activi-
ties were recorded some 60 years ago. So, absolute
naturalness might be an important factor for a high
ratio of CWD to living tree volume.

Quality of deadwood

In the overall diameter distribution of CWD small
trees were the most abundant and within 5-20 cm
diameter the CWD stems accounted for 90% of the
total. Without a single exception (the number of
CWD stems is higher in 10-15 c¢m than 5-10 cm)
the density of dead trees decreased with larger dia-
meter classes. Ignoring this single exception the
findings were supported by BOHL and BRANDLI
(2007) in the third Swiss National Forest Inventory.
Inter-competitions and lack of sunlight may lead to
an increased mortality in the young trees compared
to the older and mature trees. Within the 5-10 cm
diameter class hornbeam had 75% of the dead stems
of its total number whereas oak had only 20% of its
total number of dead stems in this class, which in-
dicates that the young stages of hornbeam are more
vulnerable to mortality than oak.

Decay class B was the most abundant (on average
51% of total volume), followed by class C (on average
43% of total volume). On the other hand, structural
class 4 (missing small branches) is the most abundant
(on average 53% of total volume) in the Lange-Leitn
reserve. Decay class E (fragmented heartwood and
ill-defined wood) was the most infrequent (on aver-
age 1% of total volume) because of the short duration
of naturalness which did not allow a sufficient time
for full decomposition. Decay class A (dying recently,
cambium still fresh) was also infrequent (on average
3% of total volume) and structural class 1 (intact
freshly dead) was the most infrequent (on average
1% of total volume) because this class remains for
less than a year only (KARJALAINEN, KUULUVAINEN
2002). Decay class D and decay class E are absent in
LQT and LQC, but present in GSC. A more humid
microclimate may be the cause of a comparatively
higher proportion of advanced decay phases in GSC
than in the other two associations (compare Va-
SILIAUSKAS et al. 2004). As a whole, 10 years natural-
ness was not enough time for getting a good propor-
tion of advanced decay phases.
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Implications of this CWD level as reference
for biodiversity conservation in temperate
submontane broadleaved forests

CWD is an important component of forest eco-
systems, reducing erosion and affecting soil devel-
opment, storing nutrients and water, serving as a
seedbed for plants and as a major habitat for decom-
posers and heterotrophic organisms (HARMON et al.
1986; FRANKLIN et al. 1987; KEY, BALL 1993; SAMU-
ELSSON etal. 1994; McCOMBE, LINDENMAYER 1999).
They provide nesting, roosting, feeding, loafing, and
storage sites for birds, small mammals, reptiles, and
amphibians (ScotT, PATTON 1989; DEGENHARDT
et al. 1996; RABE et al. 1998). The number of directly
available snags influences the population size for
cavity breeding animals (HUNTER 1990; MIKUSIN-
SKI, ANGELSTAM 1997). Fungi form a very diverse
organism group and are essential for other organisms
depending on CWD and ecosystem functioning.
Decomposing logs are considered the most species
rich and important type of CWD for wood-inhab-
iting fungi (RYDIN et al. 1997; S1PPOLA, RENVALL
1999). On the other hand, management history and
substrate abundance influence fungal diversity at a
site level (HOILAND, BENDIKSEN 1996; LINDBLAD
1997; STOKLAND et al. 1997; S1pPOLA, RENVALL
1999; LUMLEY et al. 2000; NORDEN, PAaLTTO 2001;
EpmAN etal. 2004; PENTTILA et al. 2004; BERGLUND,
JoNssoN 2005; HEILMANN-CLAUSEN, CHRISTENSEN
2005; ScuMIT 2005; SipPOLA et al. 2005; SIMILA et
al. 2006; ODOR et al. 2006). Fungi and bryophytes
have their highest diversity connected to fallen logs
in certain decay classes (ODOR, STANDOVAR 2002;
HEILMANN-CLAUSEN, CHRISTENSEN 2003, 2005).
Intermediate decay stage of logs is considered the
most rich in fruiting species of fungi (RENVALL 1995;
WILLIG, SCHLEGTE 1995; Ho1LAND, BENDIKSEN
1996). Logs in intermediate stage support the highest
number of red listed fungi (HEILMANN-CLAUSEN,
CHRISTENSEN 2003). Fungi are occurring at high-
est diversity in the intermediate decay stages and
bryophytes have a preference for both medium and
late decay stages and a special requirement for a con-
stantly high level of air humidity (ANDERSSON, HYT-
TEBORN 1991; SODERSTROM 1998; RAMBO, MUIR
1998; ODOR, STANDOVAR 2001). 43% of the total
volume of CWD in this reserve was at intermediate
decay phase. So it can be assumed that a congenial
environment exists in Lange-Leitn Natural Forest
Reserve for different fungi including red listed fungi.
Various insects and lichens have a strong preference
for sun-exposed stumps, snags and standing decay
columns. So, to conserve the biodiversity related to
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deadwood, it is obvious to keep the right balance
between logs and snags.

To enhance the biodiversity related to deadwood in
Austrian broadleaved forests it is important to have
knowledge of a reference value derived from absolute
natural conditions. One of the objectives of estab-
lishing a natural reserve in Austria was to maintain
forest biodiversity at the level of natural condition to
put a landmark for sustainable forest management.
In this context the discussion about reference val-
ues for CWD in conservation management should
consider the outcomes of the recent study. Several
studies from Europe reported that the volume of
CWD did not exceed 10 m?/ha in managed forests
where it originated from logging waste and stumps
(ERDMANN, WILKE 1997; TABAKU 1999; FRIDMAN,
WaLHEIM 2000; UNECE/FAO 2000). The recent
discussion in the Austrian forest dialogue about an
average reference level of 3 m®/ha in managed forest
ecosystems is even beyond this level (BMLFW 2007).
On the other hand, GRABHERR et al. (1998) reported
that in managed oak-hornbeam forests the amount
of CWD ranged from 3 to 15 m3/ha and the amount
of CWD for the trees having more than 10 cm dbh
did not exceed 3 m?/ha. The level of CWD found
in this study was 107 m3/ha, which is more than
10 times higher than that of managed forests and
the ratio of CWD and living tree volume (39%) can
serve as a preliminary reference for the near natural
management of submontane broad-leaved forests.
On many sites, 30-50 m? snags and about 100 m?
logs were probably commonly occurring amounts
before European forests were subjected to human
exploitation (N1LSSON et al. 2002).

In this context HARMON (2002) proposed the new
paradigm “morticulture” along with silviculture for
an active culturing of CWD. To increase the overall
CWD volume in managed forests it is necessary to
leave some merchantable timber in the forest and ac-
tively mark some trees as future CWD, so that in the
course of time they may become snags and afterwards
logs that decayed naturally. The volume of CWD in
managed forests will be a vital indicator for the sus-
tainability and biodiversity conservation (MCPFE
2003). Therefore, the CWD amount reported in the
study may serve as a guideline for managers to meet
the degree of naturalness and improve the overall
biodiversity of CWD related organisms specially fungi
in close-to-nature management as well.
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Charakteristika tlejici dfevni hmoty v prirodni lesni rezervaci Lange-Leitn

(Rakousko)

ABSTRAKT: V prirodni rezervaci Lange-Leitn v Rakousku s dominantnim zastoupenim dubu bylo v roce 2006

provedeno Setfeni objemu, variability a kvality tlejici dfevni hmoty. Primérny objem tlejici dfevni hmoty, zahrnujici

lezici kmeny a zlomy, byl 107,3 m3/ha, coz ¢ini 39 % z celkového objemu dfevni zdsoby porostu. Z tohoto objemu

tlejiciho dfeva zahrnovalo 23,4 m3/ha (22 %) zlomy a 83,9 m3/ha (78 %) lezici kmeny. Z hlediska kvality tlejici dfevni

hmota zahrnuje $iroké spektrum druhi drevin, velikost kment v rznych stadiich rozkladu s odlisnymi strukturalnimi

znaky. Tlejici dfevni hmota zde zdroven vytvari prirozené prostiedi pro mikroorganismy. V porovnani tfi zkoumanych

lesnich spolecenstev bylo nejvétsi mnozstvi tlejici drevni hmoty zaznamendno v asociaci Galio sylvatici-Carpinetum.
Vysledky této studie budou pouzity jako referen¢ni hodnoty pro nastaveni prirodé blizkého hospodareni v listnatych

lesich v pahorkatindch s dubem jako prevazujici dfevinou.

Klicova slova: lesni spolecenstva; prirodni stanovisté; houby; dub; listnaty les
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