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Down dead wood in a montane beech forest stands on Deshat Mountain: Down dead wood biomass 
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ABSTRACT: Down dead wood in forest ecosystems plays a very important role in major ecosystem processes such 
as decomposition, pedogenesis, erosion prevention, biogeochemical cycles of carbon and nutrients, natural 
regeneration and provides microhabitats for different organisms. Different aspects of down dead wood have received 
broad attention in scientific literature especially in terms of carbon sequestration and climate change, biodiversity 
conservation, etc. However, there are no studies on down dead wood in Macedonian forests. This paper presents the 
results for the amount of down dead wood biomass (dead branches and dead trees) in five montane beech forest 
stands in Deshat Mountain, Mavrovo National Park. The investigated forest stands represent five different types of 
forest in terms of degradation and forestry practices. Large branches (3-5, 5-10, and 10-20 cm) were collected by 
linear transect with test surfaces of 1 m². The down dead wood biomass (branches and logs) was divided into five 
categories according to the degree of decomposition. Following, the biomass of all fallen logs on a specific test area 
was assessed. The highest amount of down dead wood was estimated in the most preserved forest (19.04 t·ha-¹), and 
the lowest in the most degraded forest (2.68 t·ha-1). Biomass of large branches ranged between 1.03 and 9.73 t·ha-¹, 
while the biomass of fallen trees varied between 1.65 and 11.64 t·ha-1. It can be concluded that the old forests are the 
main accumulators of down dead wood biomass.  
Keywords: Down dead wood, biomass, beech forest 

 
 

1 INTRODUCTION 
 

Aboveground coarse dead wood in forest ecosystems 
consists of standing and down dead wood and stumps [1]. 
In terms of quantity, the down deadwood (DDW) in 
forest ecosystems is usually much more important [2, 3]. 

DDW is an integral part of the natural forest 
ecosystem. It has a significant role in many of the 
ecosystem processes, especially in decomposition, 
pedogenesis and erosion prevention, biogeochemical 
cycles of carbon and nutrients, natural regeneration, etc. 
[4–8]. It has also a certain impact on forest microclimate 
and serves as an important water storage component of 
the forest floor [4, 9]. Down deadwood has also an 
important part of biodiversity in forest ecosystems. It 
provides key microhabitat for many species of 
invertebrates, fungi, birds, and mammals as well as many 
other species that use down dead wood as a food source 
or shelter [3, 9, 10]. It is well known that proper 
management of down dead wood in forest ecosystems 
(sustaining varied down dead wood or even creating dead 
logs by cutting of live trees) is of great importance for the 
survival of many species [2, 11–13]. The amount and 
biomass of dead trees are considered as indicators of 
sustainable use and management, degree of preservation 
of forests, and biodiversity [14]. On the other hand, DDW 
also supports insect outbreaks and high-severity fires 
[15]. 

The intensive and long-term exploitation of forests in 
Europe has lead to a decrease in the amounts of down 
dead wood. At present, DDW is much higher in European 
upland forests compared to the lowland ones,  although 
the natural potential is opposite [3].  

The research on dead organic matter in Macedonian 
forests is very scarce. Thus far, there are only a few 
studies regarding fine litterfall in an oak forest in 
Galichica National Park and beech forest in Mavrovo 
National Park [16–18]. The studies also include data on 

the biomass of coarse branches in the forest floor for both 
ecosystems. Hristovski [19] determined the standing 
deadwood biomass in the beech forest in Mavrovo and 
estimated a value of 1.58 t·ha-1. Apart from these 
publications, we are not aware of any other research 
targeted towards the coarse down dead wood in 
Macedonian forest ecosystems. 

Therefore, there is a clear need for more 
comprehensive research on the amount of down 
deadwood in the forests, as well as determining optimal 
management practices that will maintain the optimal 
amount of down dead wood.  

In response, in 2015 we researched DDW in a 
montane beech forest on Deshat Mountain aiming to 
estimate DDW biomass, carbon content and mineral 
composition, decomposition stages, and impact of 
forestry practices on the amount of DDW. 

Results from the research will be presented through 
series of consequent papers focusing on:  

• Down dead wood biomass;  
• Carbon sequestration in DDW;  
• Mineral composition and quantities;  
• Decomposition patterns;  
• Impact of forestry on DDW.  

This paper is the first in the series of five and presents 
the results on DDW biomass (both logs and coarse 
branches) in natural beech forest stands on Deshat 
Mountain with differences in their structure and 
anthropogenic impact. 

 
2 MATERIALS AND METHODS 

 
2.1 Research area 

Deshat Mountain is situated in the west part of 
Macedonia. Natural beech forests are the dominant forest 
type. The climate is mountainous with an influence from 
the continental climate as well as the Mediterranean 
climate at lower altitudes [20]. The mean annual 
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temperature is 7.1˚C and drops for 0.5˚C every 100 m in 
altitude [21]. Mean monthly temperatures during the 
winter months are below zero (-2.2˚C in January). The 
temperature during the spring months is 5.8˚C. The 
highest mean monthly temperature occurs in July (8.2˚C). 
The absolute minimal temperature (January) is -25˚C and 
the absolute maximum temperature (August) is 33.0˚C. 
Annual precipitation amounts to 1103 mm. The average 
duration of snow cover is 166 days. 

The selection of five stands was made on 08.06.2015, 
based on different differences in forest management and 
the general structure of the stands. These five stands were 
named: Old-growth forest (OF), Preserved forest (PF), 
Good forest (GF), Resprouting forest (RF), and Degraded 
forest (DF). The main field research was conducted in the 
period 28.09-01.10.2015. 

All stands are of montane beech forest, association 
Calamintho grandiflorae-Fagetum (Em 1965) Rizovski 
& Džekov ex Matevski (syn: Fagetum montanum Em). 
The montane beech forest belt spreads between 1300 and 
1600 m a.s.l. The dominant soil type is calcomelanosol 
[22]. 

Three plots (15 in total) were selected in each of the 
five forest stands. All of these plots were selected based 
on field observations and they represent the variability 
within the forest stands. Stand tree density was estimated 
as an average of tree density of the three sampling plots 
within each of the five investigated stands.  The surface 
of the plots depended on tree density and ranged between 
100 and 300 m2 (Table I). In each of the 15 plots we 
recorded the number of trees and we measured the DBH 
(diameter at breast height) of each tree. DBH of trees 
ranged from 3 to 85 cm. At the same time, we recorded 
the number of shrubs in each of the 15 plots. 

 
2.2 Determination of decay classes wood density 

The decay classes were determined based on the 
different stages of wood decay assessed by visual 
inspection of the down deadwood. We categorized fallen 
tree logs and fallen branches into five categories (I-V). 
Most of the similar studies defined four decay classes and 
their description corresponds to our classification [6, 23–
25]. However, we added category V which refers to 
deadwood in the last stages of decomposition with very 

low wood density (sponge-like wood). 
Wood density was estimated for both logs and 

branches. Discs from logs were cut during the fieldwork. 
They were photographed and their surface (s) including 
bark was estimated using Photoshop CS6 v13.0. The 
thickness of the discs (h) was measured by calliper. The 
volume of the discs (v) was calculated by multiplying the 
surface and thickness. The discs were measured after 
drying at 105˚C to constant mass. The density (ρ) was 
calculated by dividing the mass with the volume of the 
discs:  ρ=m/(s·h). 

 
2.3 Estimation of down dead wood biomass in fallen tree 
logs 

All of the fallen tree logs within five investigated 
stands were recorded. The area covered ranged from 1.07 
to 3.12 ha (Table I). The following parameters were 
observed or measured: decay classes, length, and three 
diameters (at the base, in the middle, and at the apex of 
the tree log).  

The volume (V) was calculated with mathematical 
formulas for truncated cone (V=πr2l/3) or cylinder 
(V=πr2l) depending on the general shape of the log [26] 
where V is volume, r is the radius and l is the length of 
the logs. 

The biomass (b) of each tree log was calculated by 
multiplication of wood volume and wood density (b=Vρ). 

 
2.4 Estimation of down dead wood biomass in fallen 
coarse branches 

The biomass of fallen branches was estimated in 
three transects in all five investigated forest stands. Each 
of the 15 transects consisted of 10-20 sampling quadrats 
with the surface of 1m2. Sampling quadrats were placed 
on a 3m distance. 

All branches within the sampling quadrats were 
classified into three diameter classes (3-5, 5-10, and 10-
20 cm), weighed on a field scale (0.5 g accuracy) and 
their decay classis was recorded. During the fieldwork, 
we took samples (on average 400 g) of each diameter 
classis and decay class to measure the dry weight and 
water percentage. In total, 37 samples were measured for 
the wet weight (on the field) and dry weight (in the 
laboratory) after drying at 105˚C to constant mass. 
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Table I: Main characteristics of the five investigated beech stands 
 

Forest stand Short description 

Total 
stand 

surface 
(ha) 

Sampling 
plots 

surface 
(m2) 

Number of 
sampling 
quadrats   

Average 
DBH 
(cm) 

Trees 
density  
(ha-1) 

Altitude 
(m) GPS coordinates 

Old forest (OF) Presence of many old trees in good health condition 
and very large fallen logs.  Canopy cover of ~70%. No 
recent human activities. Mild inclination. 

3.12 300 3x10=30 12.0 1355,6 1580-1595 20.56249 41.63885 

Preserved forest 
(PF) 

Middle-aged trees are dominant with scattered old 
trees. Presence of a number of large fallen logs. Mild 
inclination. 

1.07 300 3x10=30 13.5 2500 1570-1590 20.55987 41.63776 

Good forest 
(GF) 

In the vicinity of the sheepfold, next to Osmanova 
Livada locality. Visible signs of continuous use, 
mostly a collection of branches by the shepherds. 
Steep inclination.  

1.76 200 2x10+1x20=40 9.2 2516,7 1635-1680 20.55802 41.63212 

Resprouting 
forest (RF) 

The forest consists of resprouting trees with great tree 
density. Intensive human use (firewood for the 
sheepfold that existed in the vicinity) can be observed, 
especially in the last 50 years. Mild inclination. 

1.63 200 3x10=30 9.1 7816,7 1575-1595 20.56158 41.63655 

Degraded forest 
(DF) 

Intensive use by the inhabitants of villages Trebishte 
and Bitushe can be observed. Medium inclination. 

1.15 100 3x15=45 11.8 2250 1305-1350 20.57627 41.62842 

 
 

 
Old forest (OF) 

 
Preserved forest (PF) 

 
Good forest (GF) 

 
Resprouting forest (RF) 

 
Degraded forest (DF) 

 
Figure 1: Photographs of the five investigated beech stands 
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3 RESULTS AND DISCUSSION 
 

Wood density of fallen tree logs and branches varied 
between the decay classes (Table II). The statistical 
nonparametric analysis showed a significant decrease in 
wood density from category I to V (p<0.05; r=-0.897). 
 
Table II: Wood density of fallen tree logs and large 
branches according to decay classes 
 

Decay 
classis 

Number of samples 
per decay class 

(discs) 

Wood 
density 

D1 38   0.72* 
D2 8 0.54 
D3 2 0.47 
D4 10 0.32 
D5 4 0.12 

*The value of wood density for category I was taken 
from Hristovski [19]  

 
The number of fallen tree logs varied between the 

forest stands. The highest number of fallen logs was 
recorded in PF, DF, and RF, and the lowest in OF and GF 
(Table III).  

The length of fallen tree logs is another important 
measure of down dead wood since it implies the 
availability of microhabitat for a variety of different 
organisms (fungi, saproxylic insects, etc.). PF held the 
lengthiest fallen tree logs (Table III). DF had the lowest 
values when length parameters of tree logs were 
considered.  

OF differed from the other beech stands by having 
the highest total volume (91.26 m3/ha) as well as other 
measured volume parameters (Table IV).  

The highest down dead wood biomass in fallen tree 
logs was recorded in PF (11.64 t∙ha-1), while the lowest 
was recorded in RF (1.15 t∙ha-1) (Table V). The average 
value in all investigated beech forest stands amounted to 
5.78 t∙ha-1.  
 

 
 

Figure 2: Total down dead wood biomass (t∙ha-1) in the 
five investigated beech stands 
 

The greatest biomass of fallen tree logs was recorded 
for category IV. The lowest biomass was recorded for 

category I and V (Table V). The average down dead 
wood biomass in fallen branches was 4.25 t∙ha-1. The 
highest amount was recorded in OF (9.73 t∙ha-1), while 
the lowest in DF (1.03 t∙ha-1). Branches of category III 
were the most dominant across the investigated forest 
stands. According to the diameter of branches, the largest 
biomass was recorded in the 3-5cm category (Table VI). 

The highest down dead wood biomass (fallen logs + 
branches) was accumulated in OF (19.04 t∙ha-1) and it 
decreased in the following order: OF>PF>GF>RF>DF 
(Figure 2). The average down dead wood biomass was 
10.04 t∙ha-1. 

The deadwood carbon pool in forests is generally 
similar to some other forest regions and a latitudinal 
gradient could not be established [6]. Values of 17-36 Mg 
C ha-1 were reported for boreal forests, 9-21 for 
undisturbed dry tropical forests; 2-25 for moist tropical 
forests, 15-25 for cold deciduous forests, and 10-12 t·ha-1 
for warm temperate deciduous forests [6, 27–36].  

The amount of down dead wood depends on several 
factors among which forest age, type of management and 
use, soil, climate, and decomposition are the most 
important [37,38].  It is known that DDW changes with 
the maturing of the forest and generally follows a U-
shaped pattern. Mature hardwood forest stands have 
smaller DDW biomass compared to young and old 
stands. In old stands, DDW continues to accumulate as 
stands age from 200 to 400 years [15]. The simple U-
shaped pattern is not valid for all forest ecosystems and 
largely depends on the forestry practices and in different 
forests, it can develop into J or S-shaped patterns in time 
[5]. Unfortunately, we did not estimate the age of the 
stands and this hypothesis was not tested on the 
investigated beech forest stands on Deshat Mountain. 

Although there is no targeted research on DDW in 
Macedonian forests, some of the studies may help in 
understanding the formation of DDW. Several studies 
have reported data on tree mortality in forest ecosystems. 
The global average is 1-2% mortality [39]. The mortality 
in a beech forest in Mavrovo National Parl was lower 
[19] while the mortality of beech forests on Osogovo was 
assessed to 0.6-1.0% and 0.5-1.4% for beech forests on 
Karaorman [40,41]. 

The average volume of down dead wood in the 
investigated beech forests on Deshat was 33.63 m3∙ha-1. 
Down deadwood in European beech forests ranges 
between 32 and 310 m3∙ha-1 [26]. This range is broader in 
beech forests of Great Britain with a minimal amount of 3 
m3 and a maximum of 456 m3 [42,43]. The amount of 
down dead wood in beech forest reserves has an average 
of about 130 m3∙ha-1 [3, 38, 44]. Only the OF (91.26 
m3∙ha-1) approaches the European average of beech 
reserves while DF (5.72 m3∙ha-1) represents highly 
exploited forests with a very small amount of down dead 
wood. The average of beech forests on Deshat is close to 
the average of Slovakia where 31 m3∙ha-1 of down dead 
wood was estimated [45, 46], but higher than the beech 
forests on Stara Planina in Bulgaria which hold 3.4-26.5 
m3∙ ha-1, fine wood: 3.4-6.5 and coarse debris: 0-20.1 
[24]. Down dead wood in managed forests in Serbia 
accounts for 11.21 m3∙ha-1 or 1.24-24.53 m3∙ha-1 [25]. 

The results of the study conducted in beech forests on 
Deshat Moutain show that the old forests are important 
storages of down dead wood, both logs, and branches.  
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Table III: Number and length of fallen tree logs in the five investigated beech stands 

 

Forest stand 
Average number 

of logs per 
hectare 

Minimal length of 
single tree log (m) 

Maximal length 
of single tree log 

(m) 

Average length 
of tree log and 
standard error 

(m) 
OF 23.4 1.70 19.20 6.54 ± 0.46 

PF 43.0 1.30 18.80 7.30 ± 0.68 

GF 23.9 1.10 19.50 5.22 ± 0.74 

RF 38.6 0.90 12.52 4.64 ±0 0.27 

DF 41.7 0.63 10.00 2.64 ± 0.27 

Average 34.1 1.13 16.00 5.27 ± 0.81 
 

Table IV: Volume (m3) Length (m) of fallen tree logs in the five investigated beech stands 
 

Forest stand Minimal volume of 
single tree log (m3) 

Maximal volume 
of single tree log 

(m3) 

Average volume of 
tree logs and 

standard error 
(m3) 

Total volume of tree 
logs per stand (m3/ha) 

OF 0.013 23.14 1.25 ± 0.37 91.26 

PF 0.013 9.78 0.88 ± 0.27 40.37 

GF 0.004 9.34 0.63 ± 0.27 24.65 

RF 0.005 2.75 0.09 ± 0.04 6.18 

DF 0.001 0.88 0.12 ± 0.03 5.72 

Average 0.007 9.18 0.59 ±  33.63 
 
Table V: Biomass of down dead wood of fallen logs (t∙ha-1) 

 

Forest stand 
Decay classes 

Total 
I II III IV V 

OF 0.00 1.41 2.44 5.35 0.10 9.31 

PF 0.12 1.11 2.53 7.86 0.00 11.62 

GF 0.00 0.36 1.39 3.39 0.00 5.14 

RF 0.00 0.08 0.44 0.63 0.00 1.15 

DF 0.00 0.10 0.67 0.87 0.00 1.65 
 
Table VI: Down dead wood biomass of fallen branches (t∙ha-1) 

 
Forest 
stand 

3-5 cm 5-10 cm 10-20 cm Total (with 
standard error) II III IV Total II III IV Total III IV Total 

OF 0.26 1.83 0.14 2.23 0.00 2.99 1.69 4.68 2.62 0.20 2.82 9.73 ± 0.76 
PF 0.15 1.85 0.15 2.14 0.72 0.59 0.86 2.17 0.00 0.00 0.00 4.32 ± 1.47 
GF 0.18 1.35 0.57 2.10 0.46 0.31 0.10 0.87 0.00 0.00 0.00 3.22 ± 0.21 
RF 0.97 1.29 0.65 2.91 0.00 0.00 0.31 0.31 0.00 0.00 0.00 2.97 ± 0.16 
DF 0.23 0.29 0.07 0.59 0.00 0.44 0.00 0.44 0.00 0.00 0.00 1.03 ± 0.21 
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4 CONCLUSIONS 
 

Down dead wood in a montane beech forest stands on 
Deshat Mountain depends directly on the quality and age 
of the forest. Most of the down dead wood was recorded 
in the old unmanaged forests, and the quantity of down 
dead wood decreases with decreasing quality and age of 
the forest. The highest amount of down dead wood 
biomass was estimated in the most preserved forest 
(19.04 t·ha-¹), and the lowest in the most degraded forest 
(2.68 t·ha-¹).  
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