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INTRODUCTION
Dead wood, or woody detritus, is an impor-

tant component of forest ecosystems and per-
forms a number of environmental and ecological 
functions [1; 2]. Coarse woody detritus includes 
standing dead and fallen trees, fragments of 
fallen trees (trunks), branches (fragments of 
branches), and thick tree roots [1]. Dead wood 
is a substrate and habitat for a number of living 

organisms, including mosses, lichens, fungi, in-
vertebrates, as well as small birds and mammals 
[1–6]. According to scientists, approximately 25% 
of forest biodiversity species are dependent on 
decomposing dead wood [7; 8]. Therefore, dead 
wood is an important indicator of biodiversity of 
forest ecosystems [4; 8]. Dead wood plays an im-
portant role in the biological cycle of substances 
and energy, carbon deposition, is a source of 
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The article examines the volume of coarse woody detritus in fresh maple-linden-dibrova in Slo-
bozhanskyi National Nature Park. The study was carried out in 115-year-old forest with a predominance 
of common oak (Quercus robur L.) of natural origin on a sample plot (0.24 ha) by identifying and meas-
uring of standing and lying dead wood components. The volume of dead wood in the forest ecosystem is  
32.4 m3·ha–1 and consists of fallen (84.3%) and standing (15.7%). The main part of the dead wood volume 
is formed by one tree species — common oak (91.3%). In general, woody detritus is characterized by I–IV 
stages of decomposition, at the same time detritus of III (52.5%) and II (41.7%) stages prevails, detritus 
of other decomposition stages has insignificant shares (not exceeding 5.0%). No detritus of the last (V) 
stage of decomposition was detected. The volume of standing dead wood was 5.1 m3·ha–1 and is formed by 
whole and broken dead trees. In terms of species composition, common oak predominates (80.4%), other 
species have much smaller shares: small-leaved linden (Tilia cordata Mill.) (13.7%) and Norway maple 
(Acer platanoides L.) (5.9%). The volume of standing dead wood is dominated by detritus of decomposition 
stage II (4.8 m3·ha–1, 94.1%), compared with stage I (0.3 m3·ha–1, 5.9%). The volume of lying dead wood is 
27.3 m3·ha–1 and is formed by whole fallen trees, fragments of fallen trees (trunks) and thick branches. 
In terms of species composition dead wood volume is dominated by common oak detritus (25.6 m3·ha–1, 
93.7%), and the shares of other species are insignificant. Fallen dead wood is represented by four stages of 
decomposition (I–IV). In terms of volume, decomposition stage III has an absolute advantage (16.9 m3·ha–1, 
61.9%), much less detritus of stage II (8.7 m3·ha–1, 31.9%). Relatively low volume of woody detritus and 
the absence of dead wood of decomposition stage V may be associated with forestry activities, including 
selective sanitary cutting and fallen woody debris removal, in the past in modern NNP areas.
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nutrients [1; 9; 10]. Assessment of dead wood as 
a component of forest mortmass is an unsolved 
problem in the context of the study of biological 
productivity of forests [11; 12]. Thus, the study 
of dead wood is an urgent problem today.

Of particular importance is the study of 
dead wood in natural ecosystems on protected  
areas, which were created for the protection, 
conservation and restoration of natural comp- 
lexes. Slobozhanskyi National Nature Park be-
longs to the important protected areas of the 
Left-Bank Forest-Steppe of Ukraine. Its total 
area is 5,244 hectares [13]. Slobozhanskyi NNP 
is one of the important natural nuclei of the 
Slobozhansky-Galician ecological corridor in 
accordance with the program of the ecological 
network of Ukraine [13]. Slobozhanskyi NNP is 
included in the list of territories that are centers 
for the conservation of phytodiversity not only 
in Ukraine but also in Europe (Important Plant 
Areas of Ukraine — Bir na Merli) [14].

ANALYSIS OF RECENT RESEARCH  
AND PUBLICATIONS

In Ukraine in scientific publications woody 
detritus is considered primarily as an important 
component in the overall biomass of forest stands 
in the context of carbon deposition and the study 
of forest productivity [15; 16]. In the modern 
domestic scientific literature, some authors, in 
particular A. Bilous [15], consider dead wood 
as a component of forest mortmass — organic 
matter of dead woody plants, their fragments 
and individual dead components of living plants. 
Researchers A. Shvydenko and others consider 
that the concept of «mortass» integrally repre-
sents all components of the organic matter of 
dead forest plants [9].

A number of scientific papers are devoted 
to the study of forests mortmass in Ukraine’s 
Polissya in the context of bioproductivity and 
carbon deposition. Thus, in particular, A. Bilous 
studied the stock of standing and fallen dead 
wood of softwood forests and mortmass of fallen 
dead wood of birch forests, U. Kotlyarevska and 
others – deposited carbon and energy in woody 
detritus of alder forests. M. Matsala and others. 
studied the deposited carbon in the coarse woody 
detritus of oak forests of Ukraine.

V. Pasternak, V. Yarotsky, V. Nazarenko, 
A. Garmash, M. Buksha, T. Pivovar, and others 
studied woody detritus in the forests of the Left-
Bank Forest-Steppe of Ukraine. In paper devoted 
to the assessment of carbon stocks and dynamics 
in the forests of the North-East of Ukraine [10] 
the authors analyzed in particular data on dead 
wood in the forests of Kharkiv and Sumy regions. 
It was found that the structure of mortmass of 

forest ecosystems of this region is dominated 
by oak, represented mainly by II–III stages of 
decomposition, while dead wood of other forest 
species has a much smaller share [10].

According to the authors [17], in the oak 
stands of the Left-Bank Forest-Steppe of 
Ukraine, the average volume of dead wood is  
36.0 m3·ha–1 (1.5–105.3 m3·ha–11), the average 
volume of standing is 15.2 m3·ha–1, and fallen 
dead wood is 21.5 m3·ha–1. On average the share 
of coarse woody detritus from the growing stands 
volume was 11.7% [17]. Scientists studied the 
typological structure of forests of the Volody-
myrivsky nature protection research department 
of Slobozhanskyi National Nature Park and found 
that in most of the forest areas they studied, the 
volume of dead wood did not exceed 30 m3·ha–1, 
or 8% of the growing stand volume [18].

Much less scientific papers in Ukraine is 
devoted to the study of dead wood as a habi-
tat and substrate for living organisms in forest 
ecosystems. Abroad, numerous scientific studies 
have shown that the volume of woody detritus 
in forest ecosystems is an important indicator of 
biodiversity [7; 8]. The accumulation of signifi-
cant volumes of dead trees increases the total 
surface area of   dead wood in forest ecosystem, 
which in turn contributes to the formation of 
greater diversity of habitats for species of living 
organisms that directly or indirectly use it in 
their lives [5]. Therefore, a larger volume of dead 
wood leads to an increase in species diversity in 
forest ecosystems [5].

Scientists have also proven the importance 
of the species composition of woody detritus in 
the formation of habitats and substrates for a 
number of species dependent on it [8]. According 
to the authors [3], in Scandinavia, the largest 
number of threatened species of invertebrates, 
dependent on dead wood, used in their lives ex-
clusively woody detritus of the genus oak (Quer-
cus L.) species. It has also been found that dif-
ferent species of living organisms are dependent 
on dead wood of different tree species [3]. Only 
10% of species in their lives use woody detritus 
of both coniferous and deciduous species [7].

An analysis of recent publications and re-
searches has shown that dead wood stocks in the 
forest ecosystems of Slobozhanskyi National Park 
are insufficiently studied, and the scientific prob-
lem of studying the relationship between coarse 
woody detritus and biodiversity is unresolved.

MATERIALS AND RESEARCH METHODS
According to the physical and geographi-

cal zoning, the territory of Slobozhanskyi NNP 
belongs to the East Poltava Upland region of the 
Left Bank-Dnieper forest-steppe region of the 
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Forest-steppe insufficiently moist warm zone. 
According to geobotanical zoning, the park is 
located on the extreme eastern border of Poltava 
district of linden-oak, pine, oak-pine forests, 
steppe meadows, meadow steppes and eutrophic 
swamps, on the extreme eastern border of the 
Ukrainian steppe subprovince belonging to the 
Eastern Europe Steppe province of oak forests, 
steppe meadows and meadow steppe, within the 
Forest-steppe subregion (zone) and the Eurasian 
steppe region [19; 13].

The climate of the NNP territory belongs to 
the temperate-continental type. The average an-
nual precipitation is 498–568 mm. Approximately 
65%  (341 mm) of total precipitation is observed in 
the warm period of the year (April-October). In 
the cold period of the year, an average of 184 mm  
of precipitation falls (35%). Snow cover on the 
territory of the NNP takes place in late Novem-
ber — early December. The maximum snow ac-
cumulation occurs at the end of February and 
the depth of the snow cover reaches 14–18 cm. 
The stable snow cover lasts for about 65–80 days. 
The territory of Slobozhanskyi NNP is characte- 
rized by unstable winds in direction and speed, 
but still dominated by winds of southeastern, 
southwestern and northwestern directions [13].

According to forest typological zoning, the 
territory of Slobozhanskyi NNP belongs to the 
Slobozhanskyi district of the fresh grud region 
[20]. The predominant forest types are fresh oak-
pine subir (38%), fresh maple-linden dibrova 
(31%) and fresh linden-oak sugrud (16%) [13].

The study of coarse woody detritus volume 
was conducted in forests of natural origin, gro-
wing in fresh dibrova conditions, in the research 
area in the central part of the Parkhomovsky 
Protection Research Department (quarter 67 
according to forest inventory carried out in 2010) 
within the regulated recreation zone [13]. In the 
study area, the stand is formed by common oak 
(Quercus robur L.), it also includes common ash 
(Fraxinus excelsior L.), Norway maple (Acer pla-
tanoides L.), small-leaved linden (Tilia cordata 
Mill.), and field maple (Acer campestre L.). Oc-
casionally there is European white elm (Ulmus 
laevis Pall.).

The age of the predominant tree species —  
common oak — is 115 years. The studied forest 
stand has a natural origin and has developed 
without significant human intervention only in 
the last 10 years. At the same time, before estab-
lishing this territory as Slobozhanskyi National 
Nature Park, forestry measures were carried out 
in this area, including selective sanitary cuttings 
and fallen dead wood removal.

The study of dead wood volume was carried 
out by identifying and measuring of standing and 

fallen deadwood components on a sample plot of   
0.24 ha (60 m×40 m), established on the study 
site in 2020 in accordance with standardized 
requirements [21]. To classify the fractions and 
components of dead wood in general, the method 
developed by A. Bilous was used [15]. All dead 
or broken dead trees with a diameter at breast 
height (1.3 m) of 6.0 cm or more were included in 
the fraction of dead standing wood. For all com-
ponents of standing dead wood the diameter and 
height were measured according to the methods 
generally accepted in forest mensuration. For 
standing broken dead trees up to 5 m in height, 
the trunk diameter in the middle of the height 
was also measured. The following components 
were included and accounted for in the fraction 
of fallen dead wood: fallen trees (trunks), frag-
ments of fallen trees (trunks), branches (frag-
ments of branches) with diameter in the middle 
of 6 cm and more, which were within the sample 
plot. For all these components of dead wood, the 
measurement of middle diameter and length was 
performed. For all components of dead wood, the 
species was identified by morphological charac-
teristics. Standing and fallen dead wood was 
distributed according to the I–V decomposition 
stages according to the method [15]. The volume 
of whole standing dead trees (trunks) was cal-
culated by volume tables [22]. The volume of all 
components of lying dead wood was calculated 
by Huber’s formula:

 V d ll=
π
4 0 5

2
. ,  (1)

where V — the volume of the trunk (fragment 
of the trunk) or a thick branch; d0.5l — diameter 
on the trunk (fragment of the trunk) or a thick 
branch in the middle of the length; l — the length 
of the trunk (fragment of the trunk) or a thick 
branch; π — a constant (3.1415926…).

The volume of standing broken trees 
(trunks) was calculated  by Huber’s formula (1). 
Field data processing and analysis was performed 
using MS Excel 2016 software.

RESULTS AND DISCUSSION
The results of the study of dead wood volu-

me by fractions and tree species are shown in 
table 1.

Dead wood in the studied forest stand was 
formed due to the tree death of five species and 
consist of two fractions: standing and fallen  
(fig. 1).

The volume of standing dead wood in stand 
is 5.1 m3·ha–1 and formed by whole and broken 
dead trees. In terms of species composition, com-
mon oak has a significant advantage (80.4%), 
small-leaved linden (13.7%) and Norway maple  
(5.9%) have much smaller shares. The total 
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volume of standing dead wood is significantly 
dominated by detritus of decomposition stage 
II (4.8 m3·ha–1, 94.1%), compared with stage I  
(0.3 m3·ha–1, 5.9%). All standing dead wood of 
common oak and Norway maple is represented 
only by decomposition stage II, and small-leaved 
linden — only by decomposition stage I.

The volume of fallen dead wood is 27.3 m3·ha–1,  
and formed due to the tree death of four species. 
Woody detritus of common oak (25.6 m3·ha–1, 
93.7%) prevails, and shares of other species — a 
field maple (1.0 m3·ha–1, 3.7%), small-leaved 
linden (0.6 m3·ha–1, 2.2%) and European white elm 
(0.1 m3·ha–1, 0.4%) are insignificant. Fallen dead 
wood is formed by whole fallen trees, fragments 
of fallen trees (trunks) and thick branches. The 

average diameter of the components of woody 
detritus is: common oak — 6.0–30.0 cm, field 
maple — 6.0–13.0 cm, small-leaved linden —  
8.5–12.5 cm, European white elm — within 6.0–
9.0 cm. There was a significant moss cover on 
fallen oak trunks of the decomposition stages 
III–IV. Fragmentary moss cover also was present 
on the dead wood of small-leaved linden, field 
maple and European white elm.

In the studied forest ecosystem, fallen dead 
wood is represented by four stages of decompo-
sition (I–IV), but no wood was found at the late 
(last) stage of decomposition (V) (Fig. 2).

In terms of volume, decomposition stage 
III has an absolute advantage (16.9 m3·ha–1, 
61.9%), much less stage II detritus (8.7 m3·ha–1, 

Table 1
Volume of coarse woody detritus in fresh maple-linden dibrova in Slobozhanskyi NNP

№ Tree species
Volume of dead wood, m3·ha–1

standing fallen total

1 Quercus robur L. 4.1 25.6 29.7

2 Tilia cordata Mill. 0.7 0.6 1.3

3 Acer platanoides L. 0.3 0.0 0.3

4 Acer campestre L. 0.0 1.0 1.0

5 Ulmus laevis Pall. 0.0 0.1 0.1

Total 5.1 27.3 32.4

Source: performed by the authors on the basis of their own research.

Fig. 1. Dead wood in fresh maple-linden dibrova in Slobozhanskyi NNP
Source: performed by the authors on the basis of their own research.

O. Chornobrov, I. Tymochko, O. Bezrodnova

Volume of woody detritus in fresh maple-linden dibrova  
in Slobozhanskyi national nature park



Збалансоване природокористування№ 2/202192

31.9%). Volumes and, accordingly, the share of 
fallen dead wood of other decomposition stages 
are insignificant (I — 1.4 m3·ha–1, 5.1%; IV —  
0.3 m3·ha–1, 1.1%).

Fallen oak dead wood is represented by four 
stages of decomposition, among which III (61.9%) 
and II (32.0%) stages prevail. A much smaller 
share is stage I detritus (5.3%), and the share of 
stage IV is insignificant (0.8%) (Fig. 3).

Fallen dead wood of field maple and small-
leaved linden is characterized by the predomi-
nance of decomposition stage III. For example, 
field maple dead wood is formed by II–IV de-
composition stages, but stage III has an absolute 
advantage (66.2%). For small-leaved linden, the 
share of wood in this stage of decomposition is 
85.1%. At the same time, elm detritus is charac-
terized by only one decomposition stage II.

The total dead wood volume in the stu- 
died maple-linden dibrova is 32.4 m3·ha–1. It was 
formed as a result of trees death of five tree 
species: common oak, small-leaved linden, field 
maple, Norway maple and European white elm. 
Dead wood volume is dominated by fallen dead 

Fig. 3. Distribution of fallen dead wood volume by tree species and decomposition stages
Source: performed by the authors on the basis of their own research.

wood — 84.3%, and the share of standing, re-
spectively, is 15.7%. The main part of the dead 
wood volume is formed by only one tree spe-
cies — common oak, the share of its detritus 
is 91.7%. The other four tree species formed 
only 8.3% of the detritus volume, respectively 
(Fig. 4).

Common oak, field maple and elm are 
characterized by the predominance of fallen 
dead wood, while other tree species are charac-
terized by standing. Only for two tree species —  
common oak and small-leaved linden there is 
woody detritus of both fractions (Fig. 5).

For common oak, the structure of woody 
detritus volume by fractions is as follows: 
standing — 13.9%, fallen dead wood — 86.1%. In 

general, in the studied forest ecosystem, woody 
detritus is characterized by I–IV decomposition 
stages, at the same time detritus of stages III 
(52.5%) and II (41.7%) has a significant advan-
tage, detritus of other decomposition stages has 
insignificant shares (I — 5,0%; IV — 0.8%).

Our results were compared with the data 
of studies of coarse woody detritus in forest eco-
systems of Ukraine. According to the report «The 
state of Europe’s forests» (2015) [23], the average 
volume of dead wood in the forests of Ukraine is 
estimated at 6.0 m3·ha–1 (standing — 3.7 m3·ha–1, 
fallen — 2.3 m3·ha–1).

V. Pasternak and others found that the 
average dead wood volume in the forests of 
the North-East of Ukraine is 10.4 m3·ha–1 (0– 
84.9 m3·ha–1), and the highest values   were ob-
served in areas with protected status [10]. Ac-
cording to the authors [17], in the oak stands of 
the Left-Bank Forest-Steppe of Ukraine, the 
average volume of dead wood is 36.0 m3·ha–1 
(1.5–105.3 m3·ha–1). The share of coarse woody 
detritus from growing stock volume on average 
was 11.7% [17].

Fig. 2. Distribution of fallen dead wood volume  
by decomposition stages

Source: performed by the authors on the basis of their own 
research.
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According to the authors, who estimated 
the stocks of woody detritus in the forests of 
Slobozhanskyi NNP according to state forest 
inventory data [24], the average volume of coarse 
woody detritus was generally equal to 9.1 m3·ha–1,  
for maple-linden dibrova — 8.8 m3·ha–1.

Our data on dead wood volume in the forests 
of Slobozhanskyi NNP are generally consistent 
with the results of similar studies. The conside-
rable exceeding of our results compared with the 
data of scientific paper [24], can be explained by 
the fact that the authors in this paper used data 
of forest inventory conducted in 2010, and we 
studied woody detritus on a sample plot establi-
shed in 2020. In addition, it should be taken into 
account that only a part of dead wood available 
in the forest plot can be detected during forest 
inventory.

At the same time, the data we have obtained 
on woody detritus volume are generally low com-
pared to the data of other protected areas, where 
the biodiversity conservation is a priority. Ac-
cording to the authors [25], in forests dominated 
by oak (Quercus sp.) in Nature Reserve in Austria, 
the average volume of coarse woody detritus was 
107.3 m3·ha–1, the share of standing wood — 22%, 
fallen dead wood — 78%. In the natural linden-
ash-oak forests of the Holosiivskyi National Na-
ture Park (Kyiv) within the strict protection zone 
the volume of dead wood is 94.2 m3·ha–1, the share 
of standing dead wood is 25.4%, fallen dead wood  
is 74.6% [26].

Stocks of dead wood in forest ecosystems 
depend on climatic conditions, the trophic and 
moisture site conditions, species composition 
of the stand, natural disturbances in the region 

Fig. 4. Distribution of the total dead wood volume by tree species.
Source: performed by the authors on the basis of their own research.

Fig. 5. Distribution of the total dead wood volume (%) by fractions and tree species.
Source: performed by the authors on the basis of their own research.

O. Chornobrov, I. Tymochko, O. Bezrodnova

Volume of woody detritus in fresh maple-linden dibrova  
in Slobozhanskyi national nature park



Збалансоване природокористування№ 2/202194

(windthrows, windbreaks, fires etc.) and the 
impact of biotic factors (insects, diseases etc.) 
[27; 9]. An important factor that negatively af-
fects the accumulation of dead wood in forests 
is forestry, as during sanitary cuttings and ten-
ding measures, dead standing, damaged and 
fallen trees are usually removed from forest  
stands.

Another factor affecting woody detritus 
stocks may be the length of time that has elapsed 
since the declaration of the protected area and 
the establishment of a strict protection regime. 
The forests in the above-mentioned Lange-Leitn 
Nature Reserve in Austria have not been sig-
nificantly affected by human since 1935 [25]. 
Natural forests in the Vita River valley within 
the Holosiivskyi National Nature Park have been 
developing naturally without human interven-
tion for the last 30 years [26]. The forest stands 
we study have been developing without human 
intervention for the last 10 years. In the past 
some forestry activities, including selective sani-
tary cuttings and the fallen dead wood removal 
were carried out in these forests, which could 

be an important factor of relatively low volume 
of woody detritus.

CONCLUSIONS
The volume of coarse woody detritus in the 

fresh maple-linden dibrova in Slobozhanskyi 
National Nature Park is 32.4 m3·ha–1 which is 
formed by five tree species, consists of two frac-
tions (standing and fallen) and is characterized by 
four decomposition stages. Relatively low dead 
wood volume and lack of decomposition stage 
V detritus are explained by: forestry activities 
in the studied forest stands in the past, short 
protection period of this area, and lack of natu-
ral disturbances that could lead to considerable 
deadwood stocks. An important feature of the 
studied forest ecosystem is the significant share 
of detritus of decomposition stage III in volume 
of fallen dead wood. Considering that an impor-
tant aspect of management of protected areas 
ecosystems is biodiversity conservation, further 
measures in Slobozhanskyi NNP should be aimed 
at ensuring sufficient stocks of dead wood and 
the diversity of its components by species com-
position and decomposition stages.
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У статті досліджено запаси грубого деревного детриту у свіжій кленово-липовій діброві в 
національному природному парку «Слобожанський». Вивчення мертвої деревини здійснювалось 
у 115-річних лісових насадженнях із домінуванням дуба звичайного (Quercus robur L.) природного 
походження на пробній площі (0,24 га) методом суцільного обліку. Установлено, що запас деревного 
детриту в лісовій екосистемі становить 32,4 м3·га–1 та складається з лежачої мертвої деревини 
(84,3%) та сухостою (15,7%). Основна частина запасу мертвої деревини утворена одним деревним 
видом — дубом звичайним (91,3%). Загалом деревний детрит характеризується I–IV класами де-
струкції, водночас значну перевагу має детрит III (52,5%) і II (41,7%) класів розкладання, детрит 
інших класів розкладання має незначні частки (не перевищують 5,0%). Не було виявлено детриту 
останнього (V) класу деструкції. Сухостійна мертва деревина має запас 5,1 м3·га–1 та утворе-
на цілими та зламаними сухостійними деревами. За породним складом значну перевагу має дуб 
звичайний (80,4%), значно менші частки мають липа дрібнолиста (Tilia cordata Mill.) (13,7%) та 
клен гостролистий (Acer platanoides L.) (5,9%). У загальному запасі сухостою значно переважає 
деревина II класу деструкції (4,8 м3·га–1, 94,1%), порівнюючи з I класом (0,3 м3·га–1, 5,9%). Лежача 
мертва деревина має запас 27,3 м3·га–1 та утворена цілими поваленими деревами, фрагментами 
повалених дерев (стовбурів) та грубими гілками. За породним складом переважає деревний детрит 
дуба звичайного (25,6 м3·га–1, 93,7%), а частки інших порід є незначними. Лежача мертва деревина 
представлена чотирма класами деструкції (I–IV). За запасом абсолютну перевагу має III клас 
деструкції (16,9 м3·га–1, 61,9%), значно менше детриту II класу (8,7 м3·га–1, 31,9%). Порівняно не-
високі запаси деревного детриту та відсутність відмерлої деревини V класу деструкції може 
бути пов’язане з проведенням лісогосподарських заходів, зокрема вибіркових санітарних рубок 
та ліквідації захаращеності, у минулому на територіях сучасного НПП.

Ключові слова: мертва деревина, сухостій, лежача відмерла деревина, лісова екосистема, запас, 
клас деструкції, збереження біорізноманіття.
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