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It is well known that forests are a source of a wide range of commercial products and ecosystem
services, providing them in response to the growing and diverse demands of society. The concept of
close-to-nature forestry involves integrating nature conservation goals by preserving biotic structures
during timber harvesting, particularly trees that form specific microhabitats. However, the
preservation of such trees, which may have high commercial value, is accompanied by economic
losses, requiring compromises between production and environmental goals. Despite the existence of
regulatory incentives for integrating these approaches, their practical implementation remains
challenging. This problem is particularly relevant in the case of clear-cutting systems, where decisions
on whether to leave or remove individual trees are made prior to felling. In general, the decision-
making process in forestry is highly complex, influenced by numerous social and cultural factors. In
order to integrate biodiversity conservation into forestry practices, scientific studies were launched in
2020 in Lviv region, Ukraine, under the international Marteloscope program of the European Forest
Institute (EFI), which as of August 1, 2025, includes data on 272 sites in 27 European countries. Our
studies have supplemented the database of the Marteloscope International Program and enable the
implementation of the concept of close-to-nature forestry in Western Ukraine for the high-quality
practical training of forestry professionals.
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Introduction

Integrated forest management involves taking into account a variety of ecosystem services provided
by forests without giving priority to timber harvesting (Gustafsson et al., 2020; Spathelf et al., 2024).
The implementation of such integrative strategies often faces difficulties due to the need to reconcile
conflicting interests. In particular, meeting commercial demand for timber often conflicts with
biodiversity conservation, as forest management aimed at maximizing timber harvest volumes results
in homogeneity of forest structures, a shortage of old-growth trees and dead wood, which negatively
affects the species composition and resilience of forest ecosystems (Maier & Winkel, 2017;
Cosyns et al., 2020).

In order to integrate biodiversity conservation into forestry practices, scientific studies were launched
in 2020 in Lviv region, Ukraine, under the international Marteloscope program of the European
Forest Institute (EFI), which as of August 1, 2025, includes data on 272 sites in 27 European countries
(Marteloscope data repository, 2025). As of today, six marteloscopes have been established in Lviv
region in the forest stands of the main forest-forming species. The object of study is a marteloscope in
a 75-year-old forest stand dominated by European beech. The aim of the study is to investigate the
condition and structure of forest vegetation on the marteloscope in a beech stand and to make a
comparative assessment of its forest-mensuration and ecological indicators. Achieving the target goal
involved performing the following main tasks: laying-out a marteloscope with establishing spatial
location and identifying forest-mensuration indicators of each tree; identifying small structures
valuable for biodiversity (cavities, damage and wounds, bark peeling, dead wood, deformations,
epiphytes, nests); assessing the assortment structure of the forest stand.

Method

A marteloscope is a permanent square-shaped forest plot with an area of 1 hectare (100x100 m). To
establish the marteloscope, in the spring of 2025 we selected a forest area of appropriate age, species
composition, and forest stand density in the Lypnykv forest district of the Lviv Forestry Unit of the
Carpathian Forestry Office of the State Enterprise “Forests of Ukraine,” latitude 49° 56' N, longitude
23°47'E (Fig. 1).
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Figure 1. Location map (a) and layout (b) of the marteloscope

The martelescope is a modern method for studying forest areas and has a unique method of creation.
The layout of the marteloscope began with the demarcation of a square (100x100 m) and its division
into four sections (50x50 m) with the determination of the centers of each section. The sections were
distributed in the counterclockwise direction, starting from the northeast. The coordinates of each key
point were recorded in GPS format. Each tree was marked for further measurements.
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At a height of 1.3 meters, a horizontal line 10 cm long was painted in white, and above it, the tree
number and the section number to which it belongs were indicated. After the trees were numbered, the
forest-mensuration indicators for each tree were identified. The diameters of the trees were
determined with an accuracy of 1 mm using a measuring tape. Using the VERTEX LASER GEO
device, the azimuths and distances to each tree from the center of the section as well as the heights of
the trees were measured with an accuracy of 0.1 m. The readings were taken using a laser, and where
visibility was insufficient, ultrasound was used.

During the visual inspection of each tree, the microhabitats present on them were identified.
Appropriate codes were used for recording, in accordance with the methodology of the European
Forest Institute (Kraus et al., 2016). The assessment of the assortment structure of the forest stand and
the determination of the value of commercial and firewood timber were carried out using the
methodology and current prices of the State Enterprise “Forests of Ukraine.” The data obtained was
processed using Integrate+ software, which made it possible to obtain the spatial distribution of trees
on the marteloscope as well as forest-mensuration and ecological indicators of the forest stand on the
plot.

Results

The marteloscope is located in a beech forest, which represents the zonal type of European broad-
leaved forests. According to the forest-ecological typology, the site belongs to the moist fertile
hornbeam-beech forest type. Altitude above sea level: 350 m. The terrain of the site is uniform, with a
surface slope of 1-2°. The soils are sod-podzolic of medium depth. The main climatic characteristics
of the area where the plot is located are as follows: the average annual air temperature 8.5 °C, the
average temperature of the warmest month July 18 °C, the average temperature of the coldest month —
3.7 °C, the average annual amount of precipitation 740 mm. The growing season lasts 212 days, with
a total average temperature (for May-June) of 2,400 °C and the amount of precipitation during the
growing season being 400 mm. The spatial distribution of tree trunks within the marteloscope is
shown in Fig. 2. There are 430 trees growing on the plot, of which 77.7% are European beech trees,
22.1% are European hornbeam trees, and 0.2% are wild cherry trees.
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Figure 2. The spatial distribution of trees within the marteloscope

The distribution of trees on the plot is characterized by a random pattern, with the horizontal
projections of tree crowns covering a significant part of the area, indicating the absence of gaps
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caused by forestry activity.
The main forest-mensuration indicators of the forest stand are given in Table 1.

Table 1. Forest-mensuration indicators of the forest stand on the plot

Stand Age, Site Tree Diameter, | Height, z:l:;d Volume, | Number

composition | years | class species cm m m ‘ht;'l m’-ha’ | of trees
European 36.0 290 | 326 430 334
beech

9BEIHBM | 75 p | European 24.3 23.3 44 46 95
hornbeam
Wild 360 | 218 | 01 ] ]
cherry
Total 33.7 28.3 37.1 477 430

An analysis of the data in Table 1 shows that in the conditions of a moist hornbeam fertile beech
forest type, at the age of 75, a highly productive two-storeyed forest stand has formed, where the
dominant species is European beech, while European hornbeam grows in the second storey and does
not compete with the main species. The presence of wild cherry trees in the forest stand is important
for the conservation of biodiversity in the area.

A detailed visual inspection of each tree in the marteloscope area allowed identifying 107 trees with
microhabitats (25% of the total number), on which 12 types of habitats were found. Trees with dead
branches, hollows in branches, and hollows in root systems were the most common, which is typical
for European beech trees. It is also important to highlight the presence of beech trees with tree wart.

The share of trees with microhabitats in European hornbeam is significantly higher than in European
beech, 35% versus 22%, which confirms the expediency of forming mixed and complex forest stands
in moist fertile hornbeam beech forest types.

An objective indicator of forest stand productivity and its management is the assortment structure,
which directly affects the value of timber. In the study stand, 43% of the wood belongs to the category
of commercial round timber, among which timber of categories C and D significantly prevails.
Timber of the higher categories A and B was found only in individual trees. The rest is classified as
firewood. The total value of commercial and firewood timber on the site is shown in Table 2.

Table 2. The economic and environmental indicators of the forest stand on the plot

. Number Economic Habitat Microhabitats,
Tree species Carbon, t
of trees value, euro value, pts. N
European beech 334 3,0882 869 74 256.2
European hornbeam 95 1,859 350 33 17.6
Wild cherry 1 341 0 0 0.4
Total 430 33,082 1,219 107 274.2

An analysis of the data presented in Table 2 makes it possible to compare the economic effect of the
potential sale of timber from the plot and, as a result, the certain loss of the forest's ecological functions.

Conclusions
The concept of marteloscopes was developed for field training of forestry workers and students. Due

to the comprehensive characteristic data provided by marteloscopes, it is possible to simulate different
scenarios of forest formation and rehabilitation logging and to be able to compare and discuss their
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consequences.

In addition, this will allow comparing the economic and environmental effects of cutting down each
tree, since maintaining biological stability and ecological balance in the forest is no less important
than obtaining wood. The data we obtained from the area we studied has supplemented the database
of the international program Marteloscope of the European Forest Institute and this plot will be used
for high-quality practical training of forestry professionals.
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