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Abstract 

Old-growth forests are often looked at as reference for close to nature silviculture, which aims to manage forests in a 
natural way. An important component of these forests is the large amount of deadwood they possess; the role of dead wood in 
the forest ecosystem has been well recognised. A detailed investigation of dead wood characteristics (the amount per stand, 
species, dead wood type, decay class, size and spatial distribution) was performed in two Romanian old-growth European 
mixed beech forests: Runcu Grosi Reserve (sessile oak-beech) and Sinca (silver fir-beech). Dead wood pieces were classified as 
belonging to one of seven dead wood types and one of five decay classes. The total amount of the dead wood was greater in 
Runcu Grosi (240.8 m3 ha-1) than in Sinca Forest (135.5 m3 ha-1). The majority of the dead wood in Runcu Grosi was 
composed of sessile oak (91.7%), whereas in Sinca Forest, the main dead wood species was silver fir (67.0%); both species 
exhibited higher values of probability density than beech, the second most important species. The dead wood exhibited much 
variation in tree size and in dead wood type, and covered the entire spectrum of decomposition classes. The main spatial 
pattern of all standing dead trees was random in both forests (over 55%), with a reduced participation of regularity and 
aggregation. The results of this investigation could be used as key values derived from natural conditions to enhance the 
biodiversity related to dead wood in managed temperate beech mixed forests. 
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Introduction 

Dead wood in its different forms (standing dead trees, 
fallen dead wood, stumps) is a major structural and 
functional component of forest ecosystems (Harmon et al., 
1986). Dead wood contributes to the accumulation of 
organic matter in the soil, provides habitat for decomposer 
organisms, maintains moisture during dry periods, can be an 
important substrate for the regeneration of many tree 
species, and represents a capital pool of nutrients and carbon 
storage (Harmon et al., 1986; Harmon and Sexton, 1996; 
Wirth et al., 2002; Bolton and D’Amato, 2011). 
Furthermore, dead wood maintains biodiversity in forest 
ecosystems, as it provides habitat and shelter for bacteria, 
fungi, bryophytes, arthropods, birds and mammals 
(Stokland et al., 2012). 

Natural tree mortality processes (senescence, self-
thinning), canopy damage and natural pruning produce 
deadwood inputs in natural forests, whereas in managed 

forests, logging activities influence dead wood input rates. 
Additionally, the occasional occurrence of major natural 
disturbances (i.e. wind storms, insect attacks) can introduce 
further amounts of dead wood (Harmon et al., 2013).  

Old-growth forests, where dead wood contributes 
approximately 20% of the total forest carbon stock 
(Harmon et al., 1990), are often characterised by larger 
quantities of deadwood that cover the entire spectrum of 
decomposition classes. Although old-growth forests may 
serve as a reference for managed forests, providing 
important information for conservation and promoting 
biodiversity, few studies have examined quantity and quality 
(dead wood types, decay classes), size class distribution and 
spatial patterns of dead trees in natural forests (Oheimb et 
al., 2007; Rahman et al., 2008; Amanzadeh et al., 2013), 
mainly due to the scarcity and inaccessibility of remnant 
virgin forests. In particular, this applies to remnant natural 
beech forests in Southeastern Europe. Despite the very large 
surface area of virgin forests still existing in the Carpathian 
Mountains, the important aspects of dead wood, such as 
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stand is located in the Runcu Grosi Natural Reserve (261.8 ha), 
western Romania (46°11’N and 22°07’E) and is part of Nature 
2000 Site ROSCI0070-Drocea. The climate that characterises 
this region is temperate continental, with a mean annual 
precipitation of approximately 687 mm and a mean annual 
temperature of 9.8 °C. Soils in the area are cambisols and 
luvisols, with a good water and nutrient supply. The best-
preserved part of this Reserve (32.3 ha, 22.1276 E 46.1722N), 
situated at an altitude between 440 and 680 m a.s.l., consists of 
old-growth mixed stands dominated by sessile oak (Petritan et 
al., 2013, 2014).  

The second investigated mixed forest type is located in the 
virgin forest Sinca (45°40’N and 25°10’E), near Brasov, 
Romania. The climate there is also temperate continental, but 
the mean annual temperature is much lower (4.5 oC) and the 
mean annual precipitation is higher (1000 mm) than that of 
Runcu Grosi. On a bedrock of crystalline schist, there are 
abundant cambisols, with a good water and nutrient supply. 
The forest is situated between 850 and 1350 m a.s.l., with 
slopes ranging from 30 to 40 o. 
 

Field sampling 
A detailed investigation of the different dead wood types 

and decay stages was conducted on four 0.56 ha intensive 
sampling plots (75 × 75 m) established in the best-preserved 
part of the Runcu Grosi Natural Reserve. Data concerning 
dead wood in the Sinca virgin forest were collected from 21 
rectangular (35 × 35 m) randomly-chosen plots spread over the 
entire area (Petritan et al., 2015).  

At both sites, within each sample plot, the species, diameter 
at breast height (dbh) and height were recorded for all living 
and dead trees with a dbh ≥ 7 cm. Each piece of dead wood was 
identified by species and categorised as belonging to one of 
seven types of dead wood described in Oheimb et al. (2007). 

quantity of different dead wood types or the spatial 
distribution of dead trees have been poorly explored. 

In Romania, forests occupy an estimated 7,046,056 ha 
(IFN, The National Forest Inventory; http://roifn.ro/site/
rezultate-ifn-1/), and approximately 220,000 ha of this area 
consists of virgin forests (Veen et al., 2010). The paucity of 
data concerning dead wood in old-growth forests requires a 
specific and detailed investigation in old-growth forests of 
Romania. Because beech forests exist as pure stands or as 
mixed stands with other broadleaved species (e.g. oak 
species) or coniferous species (e.g. silver fir, Norway spruce), 
these are the most common natural forest types in Romania. 
In this study, we attempted to investigate the amount of 
dead wood present in two mixed beech dominated old-
growth forests, categorised by dead wood types (according 
to Oheimb et al., 2007), diameter distribution and spatial 
patterns. The main aim was to comparatively analyse how 
the most important aspects related to dead wood (quantity, 
quality and spatial distribution) could be influenced by the 
admixture of species identity, specifically species existing in 
mixed beech dominated forests (i.e. sessile oak and silver fir, 
two species with different shade tolerance). Hence, our goal 
was to improve our knowledge concerning the description 
of the main aspects of dead wood, allowing us to prescribe 
suitable practical guidelines for forest management with the 
purpose of enhancing biodiversity in mixed beech forests. 

 

Materials and Methods  

Study area 
The data for this study were collected from two different 

natural mixed forest types with European beech as main species 
in the tree canopy composition: a sessile oak-beech forest and a 
silver fir-beech forest. The investigated sessile oak-beech mixed 
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Fig. 1. Dead wood types according to Oheimb et al. (2007): (T1) whole standing dead tree, (T2) snags, (T3) uprooted tree, (T4) 
fallen dead tree, (T5) fallen snags, (T6) stumps and (T7) fallen trunk or branch fragments 
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Three types of standing dead wood were defined: T1, a whole 
standing dead tree (with a dbh ≥ 7 cm); T2, snags (snapped 
trees with a stump height ≥ 1.3 m, dbh ≥ 7 cm); and T6, 
stumps (snapped tree with a stump height < 1.3 m). For lying 
dead wood, four types were defined: T3, uprooted tree (dbh ≥ 
7 cm); T4, fallen dead tree (originated from a snapped tree or 
stump of height < 1.3 m); T5, fallen snags (originated from a 
snapped tree or stump of height ≥ 1.3 m); and T7, fallen trunk 
or branch fragments (diameter at the thicker end ≥15 cm and 
length ≥ 3 m) (Fig. 1).  

For standing dead trees, the dbh and height were measured; 
in the case of stumps, the diameters at both ends were also 
measured. For all lying dead trees, the diameter at both ends 
and total length were recorded. Five decay classes were defined 
according to Keller (2011): fresh (DC 1), hard (DC 2), rotten 
(DC 3), mouldering (DC 4) or mull wood (DC 5). The angles 
between a sampled dead tree considered as a reference tree and 
its four nearest neighbours (αj) were quickly assessed in the field 
as being greater or smaller than the standard angle value using 
(360o/(n+1), with n being the number of neighbours, 
according to Hui and Gadow (2002). Typically, this step took 
less than a minute. 

 
Data analysis 
The volume of the living trees and whole standing dead 

trees was calculated using a double-logarithmic regression 
equation (Giurgiu and Draghiciu, 2004), whereas the volume 
of lying dead wood types, stumps and snags was calculated 
using the formula of the truncated cone. The spatial structure 
of the sampled dead wood trees was characterised by the spatial 
distribution of the standing dead trees’ positions (T1, T2 and 
T6) using the uniform angle index (Hui and Gadow, 2002; 
Aguirre et al., 2003). We used this method because it requires 
little effort during a normal field inventory, as it does not 
require tree coordinates to be known (it is not necessary to 
measure the distances between neighbouring trees and the 
reference tree).  

The uniform angle index (W) describes the degree of 
regularity of the spatial distribution of the four nearest 
neighbours j to a reference tree i and it is defined as the 
proportion of angle (αi) that is smaller than the standard angle 
α0, which is expected in a regular point distribution: 

, with wj = 1 if αj<α0, otherwise wj = 0. 

Mortality probability density functions (probability 
computed for each diameter class as the conditional probability 
that a tree is dead in a given diameter class and simultaneously 
belonging to this diameter class) and diameter distributions of 
living trees and of standing dead trees (T1, T2) 
were fitted using a distance-weighted least squares smoothing 
technique (McLain, 1974), and the goodness of fit was 
examined using the likelihood-ratio χ2 test. All analyses were 
performed in Statistica 12.0 (StatSoft, Inc., 2013). 

 

Results  

Dead wood amount 
The total amount of dead wood observed was greater in 

Runcu Grosi (240.8 m3 ha-1) than in Sinca Forest (135.5 m3

ha-1; Table 1). In Runcu Grosi, the beech accounted for only 
8.2% of the total dead wood volume, whereas in Sinca Forest, 
31.8% of the total dead wood consisted of beech. The majority 
of dead wood in Runcu Grosi was sessile oak (91.7%), whereas 
the main dead wood species in Sinca Forest was silver fir 
(67.0%). The other species observed (Carpinus betulus, Quercus 
cerris, Acer pseudoplatanus, Prunus avium, Ulmus glabra, Tillia 
cordata and Sorbus torminalis) accounted for <1% of the dead 
wood. 

Most dead wood from sessile oak belonged to type T3 
(uprooted tree, 51%), followed by T1 (whole standing dead 
tree, 34%). The distribution of the dead wood volume of silver 
fir was more balanced between the different types, with 27% of 

Table 1. Mean volume (m3 ha-1) and range (min-max) of dead wood by species and type in two studied forests in Romania, Runcu Grosi Nature 
Reserve and Sinca Forest 

Dead wood type 

Runcu Grosi Sinca 

Beech 
Sessile 

oak 

Other 

species 
Total Beech 

Silver  

fir 

Other 

species 
Total 

Standing entire dead trees 

(T1) 
1.4(0.1-3.9) 

74.5 

(38.6-136.4) 

0.2 

(0-0.9) 

76.1 

(39.1136.4) 

6. 8 

(0-56.4) 

21.9 

(0-127.4) 
0 

28.7 

(0-127) 

Snags (T2) 
3.8 

(0-7.9) 

5.8 

(0.4-11.4) 
0 

9.5 

(0.4-15.8) 

5.4 

(0-42.3) 

6.9 

(0-35.9) 
0 

12.3 

(0-42.3) 

Uprooted trees (T3) 
1.9 

(0-3.7) 

111.6 

(95.5-145.3) 
0 

113.5 

(97.2-147.6) 

8.2 

(0-48.2) 

10.3 

(0-96.5) 

0.1 

(0-1.31) 

18.5 

(0-96.5) 

Fallen dead trees (T4) 
4.2 

(0.1-14.5) 

4.0 

(0.9-7.1) 
0 

8.2 

(2.0-15.3) 

7.4 

(0-80.6) 

15.5 

(0-92.1) 
0 

22.9 

(0-92.1) 

Fallen snags (T5) 
1.0 

(0.3-2.6) 

6.6 

(1.3-10.8) 
0 

7.6 

(1.0-10.9) 

5.9 

(0-35.4) 

11.2 

(0-64.7) 
0 

17.1 

(0-64.7) 

Stumps (T6) 
0.5 

(0-2.0) 

4.8 

(0-5.4) 
0 5.3 

(0-4.5) 

0.1 

(0-1.6) 

0.3 

(0-3.19) 
0 

0.4 

(0-3.2) 

Fallen trunk or branch 

fragments (T7) 

6.9 

(0.9-20.5) 

13.6 

(9.1-24.3) 
0 

20.5 

(11.7-31.3) 

10.3 

(0-36.2) 

24.70 

(0-154.8) 

0.51 

(0-9.14) 

35.5 

(0-154.8) 

Total dead wood 
19.1 

(6.9-34.7) 

220.9 

(164.5-265.6) 

0.2 

(0-0.9) 
240.8 

44.1 

(0-80.6) 

90.8 

(0-154.8) 

0.57 

(0-9.14) 
135.5 
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volume in the form of fallen trunks or branch fragments (T7), 
24% as T1 and 37% as snapped trees with different broken 
heights (8% as snags and 29% as fallen trees; Table 1). In 
contrast with sessile oak and silver fir, the percentage of whole 
standing dead beech was lower (only 7% in Runcu Grosi and 
15% in Sinca Forest). A large amount of beech dead wood was 
found in the form of fallen trunks or branch fragments – 35% 
in Runcu Grosi and 23% in Sinca. The majority of beech dead 
wood volume was made up of snapped (broken) trees with 
different snapping heights – either snapped at a height > 1.3 m 
(T2 and T5) or at a height <1.3 m (T6 and T4; Table 1). 

 
Dead wood type and decay class distribution 
Dead wood from all decay classes was found at both 

investigated locations. Sessile oak dead wood showed varying 
distribution among decay classes, depending on the dead wood 
type. Most of the sessile oak dead wood belonging to the T1 
type was in the second decay class (DC 2 - hard dead wood), 
whereas most dead wood of type T3 (uprooted trees) was in 
DC 4 (mouldering dead wood; Fig. 2a). Silver fir deadwood 
that existed as whole standing trees was typically in DC 2 and 
DC 3, while dead wood belonging to the other dead wood 
types was predominantly in the most decayed classes (DC 4 
and DC 5; Fig. 2b). A similar pattern occurred for beech in 
Sinca Forest, with the exception of dead wood of type T1, 
which was mainly fresh (DC 2 and DC 3; Fig. 2d).  

In both forests, standing dead trees (T1, T2 and T6) were 
mainly DC 2 – 61% of the total dead wood volume in Runcu 
Grosi and 43% in Sinca – whereas fallen dead trees (T3, T4, 
and T5) were mainly in DC 4 in Runcu Grosi (45% of the 
total volume of dead wood) and in DC 5 in Sinca (43% of the 
total volume of dead trees). 

 
Diameter distribution of standing dead trees 
In Runcu Grosi, a large proportion of beech in small 

diameter classes caused a negative exponential tendency of 
diameter distributions at the stand level (Fig. 3a,c), whereas the 
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Fig. 2. Distribution of dead wood volume (m3ha-1) by trees 
species, dead wood types and decay classes in Runcu Grosi (a, 
c) and Sinca Forest (b, d) 

Fig. 3. Diameter distribution of living trees and standing dead 
trees (T1 and T2) as mean number of trees ha-1 in Runcu 
Groşi (a, c, e) and in Sinca (b, d, f) 

Fig. 4. Mortality probability density function of standing dead 
trees (T1 and T2) for Runcu Grosi (a) and Sinca Forest (b) 

Fig. 5. Spatial standing dead trees distribution for Runcu Grosi 
(a) and for Sinca Forest (b) 
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existence of a peak in the middle diameter classes was provoked 
by the normal pattern of sessile oak diameter distribution (Fig. 
3e). Sessile oak formed this middle layer because of a reduced 
number of seedlings and saplings belonging to the small 
diameter classes, due to their lower shade tolerance. 
Consequently, the diameter distribution of standing dead trees 
followed a similar pattern to that of living trees.  

In Sinca Forest, where shade-tolerant species such as beech 
and silver fir regenerate continuously very well and survive for 
long periods of time under limited light availability conditions, 
living and dead diameter distributions were more close to the 
negative exponential curve, with no peak of curves in the 
middle diameter classes (Fig. 3b, d, f). Distance-weighted least 
squares approximation offered a good curve fitting for all 
diameter distributions (p>0.05, χ2 test). 

Sessile oak in Runcu Grosi and silver fir in Sinca exhibited 
higher values for probability of mortality compared to beech, 
but with a distinguished pattern: whereas silver fir mortality 
occurred predominantly in the small diameter classes, similarly 
to beech (10-30 cm; Fig. 4b), sessile oak mortality occurred 
predominantly in the middle diameter classes, with a 
pronounced peak in diameter of 45-65 cm, where the 
probability values were greater than 3% (Fig. 4a). 

 
Spatial distribution of dead trees 
The mean uniform angle (W) of the two species in each 

forest was similar (0.48-0.53) and indicated a random 
distribution of dead wood trees, with more than 50% of all 
dead trees having a Wi=0.50 (Fig. 5). 

 

Discussion 

Total amount and tree species composition are the most 
assessed characteristics of dead wood in different natural and 
near-natural beech-dominated forests of Central and South-
Eastern Europe (e.g. Korpel’, 1995; Tabaku, 2000; Vrška et al., 
2001; Oheimb et al., 2007). In a review of data concerning 
dead wood quantity across beech forest reserves around 
Europe, Christensen et al. (2005) computed a mean value of 
dead wood volume of 130 m3 ha-1 and mentioned a high 
variation among reserves, ranging from nearly nil to 550 m3 ha-

1. Although the mean value of dead wood in Sinca (135 m3 ha-1) 
was very close to the mean found by Christensen et al. (2005), 
dead wood volume in Runcu Grosi forest was approximately 
100 m3 ha-1 greater than this European mean (233 m3ha-1). The 
dead to live wood ratio of sessile oak in Runcu Grosi (30%) was 
higher than that of silver fir in Sinca (21%), whereas the dead to 
live wood ratio of beech was similar for both forests (6% vs. 7%, 
respectively). At the stand level, the dead to live ratio was 
approximately 30% in Runcu Grosi, a value very close to the 
mean of long-established submontane/lowland reserves found 
by Christensen et al. (2005). In contrast, in Sinca the ratio 
averaged 15% (Petritan et al., 2015), approximately half the 
value of long-established montane European beech reserves 
(36%; Christensen et al., 2005).  

In Sinca Forest, the greatest amount of dead wood was in 
the most advanced decay stages (DC 4 and DC 5) for both 
species and for all dead wood types, with the exception of whole 
standing dead wood, which had occurred more recently (DC 
1–3). In Runcu Grosi, fallen pieces of beech trunks or large 
branches appeared to have died in the last decade (DC 1–2). 

Although a considerable amount of whole standing dead sessile 
oak trees (70 m3 ha-1) occurred over the last few decades (DC 
2–3), approximately 90 m3 ha-1 of sessile oak trees appeared as 
uprooted trees, but in advanced stages of decomposition (DC 
3–5). Our results confirm previous findings that have reported 
this difference in the time necessary for sessile oak and beech to 
fall over. According to Peterken (2001) and Vandekerkhove et 
al. (2009), the majority of sessile oak dies standing and requires 
several decades before falling over, mainly due to slow decay 
rates and a very well-developed root system. In comparison, 
only 10 years are required for standing dead beech trees to fall 
over (Korpel’, 1995; von Oheimb et al., 2007). 

Usually, in old-growth forests, due to competition pressure 
for light, density-dependent mortality (self-thinning) is the 
dominant natural process in small diameter classes, and 
consequently the most commonly-occurring pattern of 
standing dead trees in these diameters is an inverse J-curve 
distribution. Although dead beech and silver fir trees exhibited 
a higher representation in the smaller diameters, a higher 
proportion of standing dead sessile oak trees with intermediate 
dimensions were normally distributed, hampering the negative 
exponential distribution with a shift towards a rotated sigmoid 
diameter pattern. Most standing dead sessile oak trees had 
diameters of 35-65 cm, which exhibited the greatest value of 
probability of mortality (3%). 

The main spatial pattern of all dead trees was random in 
both forests (W=0.5), with a reduced participation of 
regularity (W=0.25) and of aggregation (W=0.75). The 
random pattern appeared mainly as a consequence of 
continuous single tree mortality caused by ageing among the 
large standing trees during the late developmental stage (Parish 
et al., 1999), whereas the spatially-aggregated pattern suggests 
an earlier growth stage, where light competition is high and 
competition is more important in defining a spatial pattern 
than age-related mortality (Rouvinen and Kouki, 2002). A 
small-scale or low-intensity disturbances regime (events such as 
the death of individual trees or groups of a few trees due to 
external abiotic and biotic factors) dominated both forests 
during the last decades and hence are likely to have determined 
a predominantly random pattern of dead trees (Petritan et al., 
2013, 2015). Similar studies carried out in beech forests 
confirm our results. Oheimb et al. (2007) found the same 
pattern in a temperate near-natural beech forest in Germany; in 
an 8-ha sample plot, the overall spatial distribution of dead trees 
exhibited a random pattern, whereas uprooted beech trees 
deviated from random to an aggregated pattern. In unmanaged 
Caspian beech forests in Iran, Amanzadeh et al. (2013) 
observed a random spatial pattern of dead trees in two plots 
and detected significant spatial aggregation in only one plot, a 
plot governed by high density-dependent competition (self-
thinning). Conversely, a significant aggregated pattern of 
standing and fallen dead trees was detected in Albanian virgin 
beech forests according to Meyer et al. (2003). Vacek et al. 
(2015) investigated the spatial pattern of dead wood trees in a 
natural Norway spruce-beech forest in the Czech Republic 
over 40 years. They found that fallen and standing dead spruce 
trees exhibited a constant random pattern over the whole 
observed period, whereas dead beech trees presented a shift 
from randomness towards aggregation over the last decade. 
Standing dead beech and Norway spruce trees, however, were 
randomly distributed.  
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Beech revealed a more pronounced character of 
randomness in Runcu Grosi (p=63%) than in Sinca (p=53%).
This difference in probability between the two forests was not 
significant, however (p>0.05, comparison of two proportions, 
u test). In both forests, approximately 23% of dead beech trees 
were positioned in clumps (Wi=0.75), and ca. 16% of them 
were regularly distributed. The admixture species of beech 
formed a higher percentage of clumped parts (Wi=0.75) in 
Runcu Grosi (24% for sessile oak) relative to Sinca Forest (19% 
for silver fir). In contrast, the proportion of dead silver fir trees 
that formed regular patches in Sinca (Wi=0.25) was slightly 
higher than that of sessile oak in Runcu Grosi (21% vs. 15%, 
respectively). This suggests that sessile oak trees in admixture 
with beech are subjected to higher pressure compared to silver 
fir, mainly due to their different shade tolerance.  

Since dead wood is an important component of forest 
ecosystems and enhances biodiversity through providing major 
habitats for insects, birds, reptiles, amphibians, small mammals, 
fungi, lichens and bryophytes (Harmon et al., 1986; Odor and 
Standovar, 2001; Siitonen, 2001; Heilmann-Clausen and 
Christensen, 2003), the level of naturalness of a forest may be 
described not only by the quantity of dead wood, but also by its 
quality (dead wood types, decay classes, size distribution) and 
spatial distribution pattern. A mean value of dead wood 
volume reported in European managed beech forests does not 
exceed 10 m3 ha-1, and originated from stumps and logging 
waste (Meyer, 1999; Tabaku, 2000). A detailed analysis 
concerning the quantity and quality of dead wood needed in a 
managed forest, however, should take into account mainly tree 
species composition, the identity and level of biodiversity that 
must be maintained or increased (for whichever species of 
plants and animals the given forest should offer a good 
microhabitat in time and space – e.g. fungi and bryophytes 
exhibit the highest diversity on fallen trees in certain 
decomposition stages; Odor and Standovar, 2002; Heilmann-
Clausen and Christensen, 2003), the different development 
stages occurring in the forest and the main functions attributed 
to a certain forest (e.g. reducing erosion, storing waters and 
nutrients). To increase the overall dead wood volume in 
managed forests, it is necessary to preserve some commercial 
timber in the forest and periodically to mark some trees to 
produce standing dead trees and snags. This marking should 
occur at shorter time intervals for beech and silver fir, which 
have similar decay rates according to Lombardi et al. (2008), 
than it should for sessile oak, which has lower decomposition 
rates (Vandekerkhove et al. 2009). Based on our results, the 
proportion of “man-made dead wood trees” should be more 
pronounced among admixtures of sessile oak or silver fir in 
comparison to only beech. Furthermore, the distribution of 
these artificial new standing dead trees should exhibit a random 
pattern, similar to the distribution found in our investigation. 

 

Conclusions 

The amount of dead wood distributed per species, type, 
decay class and size class found in the present study is a good 
indicator of the naturalness level of the investigated forests, and 
could be a very helpful tool with which forest managers could 
increase biodiversity and obtain other benefits (erosion 
mitigation, substrate for the regeneration of tree species, capital 
pool of nutrients and carbon storage) related to maintaining a 
greater amount of dead wood in managed temperate beech 
mixed forests.  
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