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Abstract: Dead wood (DW) is an important component of sustainable forest management and climate
change mitigation. Three research plots (each with an area of 1 ha), located in virgin forests in the
Southern Carpathians (Semenic P20, Retezat–Zănoaga, and Făgăras, –S, inca), were installed in order to
study the synergies between DW and climate change mitigation effects. Data on the dendrometric
characteristics of standing and lying DW, the species, and the degree of decay were recorded. The
aboveground biomass (AGB) and carbon stock (CS) of the DW were also determined. The DW
volume was between 48 m3·ha−1 and 148 m3·ha−1, with the total volume (dead and alive) ranging
between 725 m3·ha−1 and 966 m3·ha−1. The DW volume distribution shows a decreasing trend, with
the most suitable theoretical distributions for describing this being the lognormal, the 2P Weibull,
and the 2P-Gamma. The AGB ranged between 17 t·ha−1 and 30 t·ha−1 and showed a decreasing
trend according to altitude. The CS was between 8 t·ha−1 and 14.33 t·ha−1. A slow decomposition
rate for the hardwood was identified by analyzing the relationship between the surface and volume
of the DW. This highlighted the capacity of DW to store carbon for a long period of time.

Keywords: aboveground biomass; dead wood carbon stock; sustainable forest management; climate
change mitigation; Southern Carpathians

1. Introduction

Concerns regarding climate change are becoming more and more obvious. It is well
known that forests are an important component of the global carbon cycle [1], with dead
wood (DW) being a key element of sustainable forest management [2,3]. Virgin forests are
reference models for managed forests [4–6], and the most appropriate way to understand
the synergies between DW and climate change mitigation is to research this topic in natural
forests [2].

Virgin forests consist of different-aged trees, which reach impressive dimensions at
old age [7], their diameter distribution being, in general, ‘J’-shaped [8]. All trees reach
their physiological age (longevity) and then, ultimately, they die and become DW. Dead
wood can actually be considered as living wood because it maintains life in the form of
different types of insects, mushrooms, and mammals, for example, by providing food
and shelter [9]. In managed forests, the natural developmental stages of the trees are
missing, causing the disappearance of the floras and faunas that are specific to virgin
forests [10–13]. In the last few decades, in Romania, the concept of ‘close-to-nature’ forest
management has been adopted because its characteristics (natural regeneration, single-tree
felling, indigenous tree species, etc.) [7] promote the better management of forests. The
period prior to 1990 had a relatively negative impact on the state of forest ecosystems in
Romania, as well as in other Carpathian countries, where the productive functions of forests
were prioritized. Subsequently, based on research findings, especially those concerning
the protective functions of forests, it was recommended for the first time in 1995 that a
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minimum volume of DW (15–20 m3·ha−1) needed to be maintained in the forests [13].
With the evolution and development of this type of research worldwide [14–19], concerns
regarding this have emerged, and the amount of DW has increased significantly. Research
on establishing and monitoring the health condition [20], the causes of tree death, and the
dynamics of DW has also intensified [21,22].

Forest vegetation stores significant amounts of carbon, thus helping to mitigate climate
change [23]. Trees store higher amounts of carbon in their youth, due to more intense
growth processes [24] compared to mature trees. The next steps are the transformation of
living wood into dead wood or the transformation of wood into products.

Products resulting from the primary processing (eq: logs, lumber, laminated wood) or
secondary wood (buildings, walls, frames, windows, doors, floors and ceilings, textiles,
furniture, packaging, paper) store different amounts of carbon. This differentiation is
related to the product category from which it is a part of [25].

The presence of DW in forests is important because it stores carbon from the atmo-
sphere [26], which makes it relevant for estimating the carbon stock (CS). Current concerns
regarding global warming have highlighted the importance of DW, aboveground biomass
(AGB), and CS studies due to the fact that, in DW, a significant amount of biomass and
carbon is stored [27].

As climate change is becoming more evident [28], efforts to mitigate its effects have
intensified [29] and, through the actions mentioned in the Paris Agreement [30], Glasgow
COP [31], there is a desire for the transition to a carbon-neutral society, part of which
involves the important role of land use and land-use change in the forest sector (LU-
LUCF) [32]. DW plays an important role in carbon and nutrient cycling [9] as well as
in the National Inventory of Greenhouse Gas Emissions reporting under climate change
regulations [33] because it stores carbon for a long period of time [34] and can, thus, help
to reduce the effects of climate change [35]. The aim of our study was to emphasize the
importance of DW in the sustainable functioning of forest ecosystems. The objectives of
the research were (i) to determine the quantitative and qualitative indices of DW and their
relationships with stand variables and (ii) to estimate the AGB and CS resulting from DW
present in our research areas.

2. Materials and Methods
2.1. Study Location

Three research plots, each with an area of 1 ha, were installed in the Southern Carpathi-
ans (Figure 1) in a temperate continental climate, exhibiting various peculiarities of the
area. The peculiarities were determined by the altitude and orientation of mountain peaks.
These research areas were also characterized by a short vegetative season (maximum of
3 months) and were sometimes affected by late frosts.

The research plots had never been influenced by anthropogenic activities, a fact proved
by the absence of traces of timber harvest, new or old, but also by the lack of information
from forest management plans. Above that, they preserved the structural characteristics of
virgin forests (all plots were situated in protected areas), and they were chosen using criteria
found in the literature [36,37]. Some of these criteria are uneven age, high biodiversity, no
human intervention, large amounts of dead wood, no access roads, etc.

The forests in which the research plots were placed are located in different parts of the
Southern Carpathians and are at different altitudes, characterized by different compositions
in terms of forest species (Table 1).

2.2. Sampling of DW and Living Trees

The DW (standing and lying) was sampled. The standing DW (SDW) included all
trees with a diameter at breast height (dbh) higher than 8 cm (88 snags), and the lying
DW (LDW) included all the samples with top diameters (thinner end) of more than 8 cm
(241 samples), all measured using a caliper/tape measure at intervals of one meter. For
the LDW with advanced degrees of decay, the diameters were measured using a caliper so
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as not to damage the sample. Data regarding the species or groups of species (coniferous,
beech, and other deciduous) and the DW decay category (Table 2) were also recorded, along
with data on the height of the SDW and the length of the LDW, which were measured using
a Vertex IV (height) dendrometer and tape measure (dbh). For LDW sections lying partially
outside the research plot boundaries, only the parts inside the plot were counted.

Forests 2022, 13, x FOR PEER REVIEW 3 of 16 
 

 

 

Figure 1. Research plot location. 

The forests in which the research plots were placed are located in different parts of 

the Southern Carpathians and are at different altitudes, characterized by different com-

positions in terms of forest species (Table 1). 

Table 1. Main characteristics of the research plots. 

Research Plot Coordinates Altitude, m 

Stand Composition (Liv-

ing Trees According to 

Number of Trees) 

Total Volume of 

Living Trees, 

m3·ha−1 

Number of 

Living Trees, 

N·ha−1 

Size 

Semenic P20 
45°08′27″ N 

22°04′46″ E 
1352 100% beech 677 385 1 ha 

Retezat–Zănoaga 
45°22′33″ N 

22°46′46″ E 
1151 

45% beech, 29% spruce, 

4% fir, and 22% other 

deciduous * 

869 413 1 ha 

Făgăraș–Șinca 
45°39′40″ N 

25°10′2″ E 
1214 45% beech and 55% fir 758 475 1 ha 

* Sycamore and mountain elm. 

2.2. Sampling of DW and Living Trees 

The DW (standing and lying) was sampled. The standing DW (SDW) included all 

trees with a diameter at breast height (dbh) higher than 8 cm (88 snags), and the lying 

DW (LDW) included all the samples with top diameters (thinner end) of more than 8 cm 

(241 samples), all measured using a caliper/tape measure at intervals of one meter. For 

the LDW with advanced degrees of decay, the diameters were measured using a caliper 

so as not to damage the sample. Data regarding the species or groups of species (conif-

Figure 1. Research plot location.

Table 1. Main characteristics of the research plots.

Research Plot Coordinates Altitude, m

Stand Composition
(Living Trees
According to

Number of Trees)

Total Volume
of Living Trees,

m3·ha−1

Number of
Living Trees,

N·ha−1
Size

Semenic P20 45◦08′27′ ′ N
22◦04′46′ ′ E 1352 100% beech 677 385 1 ha

Retezat–
Zănoaga

45◦22′33′ ′ N
22◦46′46′ ′ E 1151

45% beech, 29%
spruce, 4% fir, and

22% other
deciduous *

869 413 1 ha

Făgăras, –S, inca 45◦39′40′ ′ N
25◦10′2′ ′ E 1214 45% beech and

55% fir 758 475 1 ha

* Sycamore and mountain elm.
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Table 2. Dead wood categories depending on decay stages.

DW Category Description Symbol

snag 1
Standing dead tree, recently dead, most branches

intact or starting to break, bark intact or starting to
peel and top of the tree intact

S1

snag 2 Standing dead tree with broken top without
branches, with some bark left on or without bark S2

log 1 Lying dead wood, with wood still hard and bark
intact or starting to peel L1

log 2 Lying dead wood, with soft wood and without bark L2

For decay classification, we used the methodology proposed in other similar re-
search [38–40], presented in Table 2.

Sampling of the living trees was carried out by measuring and recording different
characteristics, such as the dbh and height, with the same instruments used for the DW.
Species data were also recorded.

2.3. Data Analysis

The SDW and living tree volumes were determined using Equation (1) [40].

log log v = a0 + a1log log d + a2d 2 + a3 log log h + a4h 2 (1)

where h represents the height of the SDW; d represents the dbh; v represents the volume of
the SDW; and a0, a1, a2, a3, and a4 are regression coefficients customized for each species [40]
from Romanian dendrometrics tables [41].

In some cases where the SDW had no top, the samples were photographed, and their
heights and diameters at 1 m high were measured in order to allow for the application of
the Huber formula (Equation (2)) [42]. Afterwards, the photographs were given a scale
using AutoCAD Raster Design software, and the rest of the diameters were estimated in
order to apply the Huber formula to determine the volume.

V = 0.785·l·∑ d2 (2)

where l is the length of the DW sample and d is the diameter (in cm) of the middle of the
DW samples.

To describe the DW volume distribution, the 2-parameter Lognormal [43], Weibull [44],
and Gamma [45] theoretical functions were used due to their flexibility and applicability in
describing uneven-aged forest distributions. The same theoretical distributions were also
used to test the similarity between the stand distributions in all the plots. The goodness of
fit was tested using the χ2 criterion and the Kolmogorov–Smirnov [46] and the Anderson–
Darling [47] tests. The aim of identifying the most appropriate theoretical distributions
of the DW volume is to adopt specific forest management in order to obtain the optimal
structures of the stands. Specifically, by maintaining or extracting specific dead wood
volumes, the health of forest can be maintained and more carbon can be stored.

The amounts of dry AGB, represented by the biomass of branches and trunks, and
CS in the DW were determined differently, using the DW decay categories (S1, S2, L1, L2).
Currently, there are several methodologies for determining the biomass and CS, but in
order for our results to be comparable with other datasets, we decided to use a rapid and
easy method that has already been widely used (e.g., in national inventory reporting under
climate change regulations). Thus, for the SDW, the dry AGB was calculated by multiplying
the volume by the wood density [48].

For the wood density, we used the values from the Romanian dendrometrics tables
(beech 545 kg/m3, coniferous 335 kg/m3, and other deciduous 530 kg/m3) [41], first
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applying a density-reduction factor based on the degree of deterioration of the wood [49]
obtained from the decay stage classification recorded in the field. The information on
wood density from the Romanian dendrometrics tables are nationally determined and
representative, containing data on dry wood density.

For the transformation of DW biomass into stored carbon, we used Equation (3) [48],
with the dry AGB and carbon fraction (CF) as the variables. The CF value used was
0.47 t C ha−1 [50].

CS = AGB·CF (3)

The dry AGB of the LDW was determined by multiplying the volume by the medium-
density class [48,51]. The CS of the LDW was determined using a relation similar to the
one used for the SDW, with dry AGB and CF being the variables [48].

For each dead wood sample (SDW or LDW), its projection (surface) was determined
using the diameter and height (length in the case of LDW) data. SDW samples were
considered as a cone, and their ground projection was calculated using the equilateral
triangle area formula; LDW samples were considered a cone trunk and their ground
projection was calculated using the equilateral trapezoidal area formula.

All this was necessary to compute the surface-to-volume ratio, which is the ratio
between the area of the piece and its volume [52].

The statistical parameters for describing the DW volume distributions were deter-
mined using the R PASTECS package from R software [53]. This analysis was performed in
order to provide a brief summary of the samples and analyzes used in the study.

3. Results
3.1. Descriptive Statistic

A high variability was observed in terms of the number of DW samples and volume,
although this variability was not recorded in the mean volume, as evidenced by the
coefficient of variation (Table 3).

Table 3. Descriptive statistics of dead wood volume distributions.

Research Plot

DW

Number of
Samples

(LDW and
SDW)

Minimum
Volume

m3

Maximum
Volume

m3

Sum of
Volume
m3·ha−1

Mean of
Volume

m3
Variance (s2)

Standard
Deviation of
Volume (s)

Coefficient of
Variation of

Volume
s %

Semenic P20 63 0.0002 6.4 48 0.77 1.4 1.1 142.8
Retezat–Zănoaga 115 0.0150 10.6 97 0.99 1.9 1.4 141.4

Făgaras, –S, inca 151 0.0030 11.6 148 0.98 3.1 1.6 179.7

The total volume of DW recorded was quite high, varying between 48 m3·ha−1 (Se-
menic P20 plot) and 148 m3·ha−1 (Făgăras, –S, inca plot). In each plot, the DW sample volume
showed a very high diversity, specific to this type of forests (virgin forests), as indicated by
the coefficient of variation values. This situation can be explained by very intense inter- and
intra-competition processes and also by the presence of a very high number of senescence
trees.

3.2. Dead Wood Distribution according to the Category of Decay and Its Volume according to
Species and Living Trees

In all the research plots, most of the DW fell into the log 2 category (soft LDW without
bark) (Figure 2).

The volume of DW from coniferous trees was higher than the volume from beech
or other deciduous species in the Retezat–Zănoaga (Figure 3) and Făgăras, –S, inca plots,
reaching a value of 114 m3·ha−1. The largest quantity of beech DW was found in Semenic
P20, followed by Făgăras, –S, inca and Retezat–Zănoaga. This is normal, taking into account
that in Semenic P20, the majority species is beech The values recorded in the other plots
(where beech is not the main species) were higher compared to those recorded in managed
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forests [35]. The presence of other deciduous samples was reduced, being closely related to
the amount of living trees of those species.
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Of the total research plot volume (living and dead wood), the volume of coniferous
DW varied between 16% in Retezat–Zănoaga and 25% in Făgăras, –S, inca. For beech, the
DW percentage of the total research plot volume was lowest in Retezat–Zănoaga—a mixed
forest—and highest in Semenic P20—a pure beech forest (Table 4). For the other deciduous
trees (sycamore and mountain elm), the volume was 8 m3·ha−1 (Retezat–Zănoaga). The
total DW volume ranged between 48 m3·ha−1 (in Semenic P20) and 148 m3·ha−1 (in
Făgăras, –S, inca), with the total volume (dead and alive) ranging between 725 m3·ha−1 and
964 m3·ha−1.

Table 4. Volume of dead wood and living trees related to the group of species.

Research Plot Species
Group

Living Trees Dead Wood Total Volume

m3·ha−1 Proportion (%) m3·ha−1 Proportion (%) m3·ha−1

Semenic P20
Beech 677 93 48 7 725

TOTAL 677 93 48 7 725

Retezat–
Zănoaga

Conifers 311 84 61 16 372
Beech 226 89 28 11 254
Other

deciduous 331 98 8 2 339

TOTAL 868 90 97 10 965

Făgăras, –S, inca
Conifers 339 75 115 25 454

Beech 418 93 33 7 451
TOTAL 757 84 148 16 905

3.3. Fitting of Experimental Dead Wood (DW) Volume Distribution

The DW volume experimental distribution (recorded from field data) showed a de-
creasing trend (Figure 4), with high values for the small categories and a reversed ‘J’ shape,
indicating that smaller trees were more vulnerable to natural selection generated by inter-
and intra-specific competition and forest development stage.
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The results of the goodness-of-fit tests indicate that, for the Semenic P20 plot, all the
studied distribution laws were suitable for describing the distribution of the DW volume
(Table 5). The experimental distributions of DW volume in the Retezat–Zănoaga and
Făgăras, –S, inca plots, when compared to the lognormal and 2P Weibull theoretical laws, did
not show any differences, according to the Kolmogorov–Smirnov and Anderson–Darling
conformity tests.

Table 5. Experimental values of volume of dead wood specific goodness of fit tests.

Research
Plot Distribution

Kolmogorov Smirnov
Test

Anderson Darling
Test * Criterion χ2

Experimental
Values

Theoretical
Values p-Value Experimental

Values
Theoretical

Values
Experimental

Values
Theoretical

Values p-Value

Semenic P20
Lognormal 0.071 0.168 0.881 0.576 2.501 0.48 5.991 0.290
Weibull 2P 0.1 0.168 0.521 0.772 2.501 2.757 5.991 0.101
Gamma 2P 0.103 0.168 0.481 0.976 2.501 2.331 5.991 0.020

Retezat–
Zănoaga

Lognormal 0.061 0.126 0.753 0.338 2.501 0.312 5.991 0.833
Weibull 2P 0.085 0.126 0.351 1.828 2.501 13.732 5.991 0.149
Gamma 2P 0.23 0.126 7.84 × 10−6 7.854 2.501 0.319 5.991 4.93 × 10−6

Făgăras, –
S, inca

Lognormal 0.077 0.11 0.304 0.714 2.501 14.923 5.991 0.683
Weibull 2P 0.095 0.11 0.119 2.104 2.501 5.974 5.991 0.005
Gamma 2P 0.153 0.11 0.001 4.302 2.501 5.661 5.991 2.21 × 10−5

* Application used to calculate goodness of fit tests does not calculate p-value for Anderson–Darling test.

3.4. Estimating the above Ground Biomass and Carbon Stock. Quantity of AGB and CS of DW in
Relation to Altitude

For our research area, the quantities of AGB and CS show decreasing trends in relation
to altitude (Table 6), ranging from 17.4 t·ha−1 (Semenic P20) to 30.51 t·ha−1 (Retezat–
Zănoaga). In terms of the CS, the values vary between 8.17 t·ha−1 (Semenic P20) and
14.33 t·ha−1 (Retezat–Zănoaga), with an average of 11.58 t·ha−1.

Table 6. Quantity of AGB and CS in relation with altitude.

Research Plot

LDW
(Log) SDW (Snag) Total

AGB
t·ha−1

CS
t·ha−1

AGB
t·ha−1

CS
t·ha−1

AGB
t·ha−1

CS
t·ha−1

Semenic P20 7.59 3.56 9.81 4.61 17.40 8.17
Retezat–Zănoaga 25.42 11.94 5.09 2.39 30.51 14.33

Făgăras, –S, inca 17.41 8.18 9.23 4.34 26.64 12.52
Mean 16.81 7.89 8.04 3.78 24.85 11.67

With the exception of the Semenic P20 plot, the greatest amounts of AGB and CS were
recorded in the LDW category.

3.5. The Relation between Surface and Volume of DW and Surface-to-Volume (SV) Ratio Related to
the Decay Class of DW

For all the research plots, an ascending trend of the DW surface-to-volume ratio was
recorded. The results indicate that the surface area of the DW was directly proportional to
its volume (Figure 5). The curve describing this relationship indicates that the lowest values
were recorded in the Semenic P20 plot, where the lowest volume of DW was recorded
(48.9 m3·ha−1).

The SV ratio index registered high values in the LDW decay class (category L2)
(Figure 6). The recorded values are high for all the plots with category L1, indicating the
highest values of this index was found for the Retezat–Zanoaga plot. In terms of the SDW,
high values were only found in the Semenic P20 plot. The value of this indicator was very
low in the other plots.
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4. Discussion
Descriptive Statistics

The DW volume falls into the average range encountered in virgin and quasi-virgin
forests (between 50 m3·ha−1 and 200 m3·ha−1) [19,54].

The DW distribution on the decay categories is similar to those found in other stud-
ies [19], indicating that the forest stands in our research plots were not influenced by
anthropogenic activities, and humans did not harvest DW. The presence of DW in signifi-
cant quantities is important because it stabilizes the ecosystem, in part by protecting the soil
against erosion, contributing to the soil quality via massive organic and mineral inputs, and
improving soil water retention [55–57]. In addition, it provides food and habitats for many
species (plants, animals, and fungi), as well as maintaining ecosystem health [2,21,27,58].

The proportion of DW in terms of species was similar to what has been reported in
the literature [59], with the amount of DW from deciduous trees being less than that of
conifers. This can be explained by coniferous trees being more vulnerable to accidental
natural disturbances, such as windthrow [60] and snow breaks. In addition, in our research
plots, the physiological ages (longevity age) of the coniferous trees were lower than the
physiological ages of the beech trees, which implies that the amount of DW would be
higher in coniferous trees [61].

The relationship between DW and living tree volumes has been highlighted previ-
ously [27,62], and recent studies performed in virgin forests in the Semenic Mountains
(Southern Carpathians) have shown that the volume of dead wood there varied between
50 m3·ha−1 and 223 m3·ha−1 [21].

The percentage of DW in relation to the total volume (dead and alive) was similar
to other areas [59], with the proportion of living wood volume to DW volume also being
similar—around 76% of the total volume is represented by the living tree volume [63–65].
These percentages are closely related to the composition of the species and their physiology,
as mentioned above.

By fitting the experimental DW volume distribution, we can observe a decreasing trend
similar to the ones shown in previous studies [19]. The distribution is characterized by the
presence of DW in the small volume category, as a result of intraspecific competition [66].
In addition, this highlights that in virgin forests, nature, without human intervention,
naturally tends the stands [7].

In addition, the fact that this distribution follows the laws of known theoretical
distributions is helpful in terms of being able to reproduce them through forest management
in order to achieve a sustainable and efficient management regime [6].

Regarding the quantity of AGB and CS determined in our study, similar results have
been obtained in the Rocky Mountains (USA), where anthropogenic influences are low, and
the quantity of AGB varies between 4.75 t·ha−1 and 53.97 t·ha−1 [27], suggesting that our
results can be compared with those from other studies, and that they could be considered a
legitimate DW data source.

The recorded values of AGB and CS indicate that forests, especially virgin forests,
have a very important role in the carbon storage cycle, which is a significant contribution
to mitigating global warming effects. The outcomes of recent studies have revealed that
global warming leads to enhanced DW decomposition and, implicitly, to the loss of stored
carbon [27]. Therefore, maintaining these multifunctional ecosystems in an intact state
should be viewed as vitally important. The recorded CS value was below the ‘normal’
average (17 t·ha−1), as found in another study [67]. In terms of the capacity for greater
carbon storage to induce higher biodiversity potential [68], it has been proven that lower
amounts of DW are sufficient for maximum biodiversity in warm regions, but higher
amounts are needed in cool climates [69]. Despite the fact that wood products store carbon
for a longer period of time, it is necessary to maintain a minimum amount of DW. This
minimum is necessary to maintain an optimal level of biodiversity.

Studies on the AGB and CS in relation to other variables, such as altitude, are crucial
for understanding the importance of virgin forests in slowing global warming. Our research,
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along with other studies [27,62,70], highlights that the DW biomass decreases with altitude
and, implicitly, with air temperature [69].

The SV ratio is very important because it can indicate the presence of different organ-
isms, such as arthropods [71–73], if high values are recorded [52]. This is applicable to the
L2 (all research plots) and L1 (the Retezat–Zanoaga plot) decay categories. These values
also indicate a slow hardwood decomposition rate [52,72–74] in larger trees, which could
affect the DW breakdown rates [75]. Recent studies have shown that DW decomposes
through natural processes over approximately 40–50 years [70]. This aspect is very impor-
tant because carbon is stored in the DW for a long period of time, producing an additional
impact on climate change mitigation.

In terms of the SV ratio and DW decay classes, the lack of DW in the small log category
indicates that the DW was decomposed faster by arthropods, as supported by the high
ratios [52] and confirmed in Semenic P20 by the presence of low volumes of LDW, assuming
that the loss of LDW increased the SV ratio. The presence of significant quantities of DW,
with the highest degree of decomposition and high porosity over large areas, indicates
that the DW has a high water storage capacity and absorbability. Additionally, the amount
of water supplied to the forest can be influenced by regulating the quantity and species
composition of DW [76]. If this assumption is proven true in future studies, this information
may be useful in forest management [77,78]. The explanation is that the water retained in
these ecosystems could have a special significance in terms of water quality, hydrology,
and, last but not least, climate regulation [27,79].

In forest ecosystems, the major processes, such as birth, interaction, growth, and death,
are always closely connected, and the hypothesis that plant life is directly dependent on
interaction and growth is obvious [80].

Starting from the idea that it is well known that forest productivity is influenced by
structural characteristics and biodiversity indicators [24,81–83], and because DW is an
indicator of biodiversity, we notice that the importance of DW is relatively large, even at a
global level [83].

5. Conclusions

Based on the findings of this study, we have reached the following main conclusions:
In analyzing the DW volume data, it was found that the results were very homo-

geneous and similar to those of other virgin and quasi-virgin forests (50 m3·ha−1 and
200 m3·ha−1, respectively). The plots had not been influenced by human activities because
the DW decay distribution showed a high quantity of DW from the category of soft LDW
without bark. The vulnerability of coniferous trees to accidental natural factors (snow
break, windthrow) in comparison to beech and other broadleaved trees was highlighted.
Another reason for the presence of higher amounts of coniferous DW is that this group of
species has a lower longevity compared to other species in the plots.

In order to achieve sustainable and efficient forest management in the future, we
identified a potential tool that could reproduce the structure of the DW volume in managed
forests. This tool uses theoretical distributions, such as Lognormal, 2P Weibull, and Gamma,
because, in this study, these were suitable for describing the DW volume distribution.

The quantities of AGB and CS recorded were very consistent (between 17.4 t·ha−1

and 30.51 t·ha−1), decreasing with altitude. In addition, DW has an important role in
enhancing biodiversity, carbon sequestration, and therefore, mitigating climate change.
From analyzing the surface area and volume of DW, our findings indicate that hardwood
has a slow decomposition rate.

Accordingly, carbon is stored in DW for a long period of time, which contributes to
climate change mitigation. In addition, significant quantities of DW with a high degree of
decomposition have a large water storage capacity, adsorbing water in forests and thereby
playing a very important role in climate regulation.
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Recently, the interest in DW is increasing as its benefits for climate change mitigation
become better understood. Therefore, it is recommended that a minimum quantity of DW
be left in managed forests in order to help reduce the effects of climate change.
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Bugarska. Šumar. List. 2018, 142, 363–370. [CrossRef]

63. Christensen, M.; Hahn, K.; Mountford, E.P.; Odor, P.; Standovár, T.; Rozenbergar, D.; Diaci, J.; Wijdeven, S.; Meyer, P.; Winter, S.;
et al. Dead Wood in European Beech (Fagus Sylvatica) Forest Reserves. For. Ecol. Manag. 2005, 210, 267–282. [CrossRef]

64. Janik, D.; Adam, D.; Vrska, T.; Hort, L.; Unar, P.; Kral, K.; Samonil, P.; Horal, D. Tree Layer Dynamics of the Cahnov–Soutok
near-Natural Floodplain Forest after 33 Years (1973–2006). Eur. J. For. Res. 2008, 127, 337–345. [CrossRef]

65. Vrška, T.; Šamonil, P.; Unar, P.; Hort, L.; Adam, D.; Král, K.; Janík, D. Developmental Dynamics of Virgin Forest Reserves in the Czech
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