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SUMMARY

The main goal set by the authors is to investigate the modern ecosystem dynamics of roadside
landscapes with the help of modern monitoring methods. The subject of research is the
reaction of the biosphere to the transformation of natural landscapes by man, in particular, to
the formation of road landscapes. The object of the research is roadside landscapes of
highways in the Cherkasy region. The main hypothesis of the research is the assumption that
after the construction of the road surface, over a certain period of time, aboriginal plant and
animal communities are formed along it, which later show signs of ecosystem dynamics.
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Introduction

Modern scientific methodology requires adaptation to the growing demand of society for ecosystem
services (Sonko et al., 2021). The majority of foreign sources emphasize the priorities of ecosystem
dynamics precisely when conducting monitoring studies of roadside strips (Simcock et al., 2022). And
in the most developed countries, this approach to monitoring is already embodied in specific practical
guidelines for road services (Wildlife crossing structure handbook..., n.d.).

On the domestic territory, the priorities of ecosystem dynamics when conducting monitoring studies
of road landscapes are marked in only a few works (Parakhnenko, 2022.)

Nevertheless, it is in geographical works that it is proposed to define the basic geosystem as a genetic
ecological and geospatial model of the landscape, the central (controlled) component of which is the
land cover. Land cover combines phenomena of biotic and social origin, which are fundamental to the
definition of ecosystem services. (Kruglov, 2016.). From a theoretical point of view, this approach
brings geographic methodology closer to biosphere (ecosystem) dynamics through the symbiosis of
Earth sciences (geography, landscape science) with Life sciences (ecology, ecosystemology).

Methods and Theory

A certain synthesis of these theoretical approaches is the concept of noospheric ecosystems. It
examines the evolution of the noospheric development of mankind, the main spatial consequence of
which is the formation of three groups of elements of the territorial structure. These three groups form
a modified ecological niche of our species. In particular, three types of noospheric ecosystems are
distinguished - agroecosystems (planar, areal), urboecosystems (central, nodal) and infraecosystems
(linear, network), which have all the features of an ecosystem and are among themselves in complex
interdependent relationships (Sonko, 2019). Thus, considering infra-ecosystems as part of the
ecological niche of Homo Sapiens, we preserve the ecosystem essence of all road landscapes, since
mostly their artificial nature depends entirely on man, who regulates their species diversity, being,
however, limited by general physical and geographical conditions. Therefore, road landscapes
(according to modern classification (Valchuk-Orkusha, 2017) we will consider them as
infraecosystems (from the term «infrastructure») according to the concept of noospheric ecosystems.

Our research will focus on establishing the dynamics and directions of development of
infraecosystems. The main questions that need to be answered are:

1. How significantly does the infra-ecosystem (in particular, the Kyiv-Odesa highway) differ from the
natural ecosystems of this area. In particular, the assessment of all (or some) types of impact. Soil
composition, hydrological regime, plant and animal diversity, dustiness, noise pollution, radiation
background, etc. That is, the determination of the current state of this infraecosystem using a number
of indicators.

2. How this infraecosystem adapted to the conditions of anthropogenic influence (change in species
composition of plants and animals, formation of new trophic relations, etc.).

The monitoring studies were carried out by route by car, first from Uman to the south to the border of
the Cherkasy region («Batkivska Khata») and in the opposite direction to the borders with the Kyiv
region (beyond the city of Zhashkiv), followed by a Uman turn and advance to the city of Uman. A
total of 8 stops were made for the relevant measurements and sampling.

The following types of measurements and observations were performed at each of the polygons:
fixation of geographical coordinates;

- measurement of the radiation background with the TERRA-P dosimeter;

- photographing flora and fauna directly next to the road surface and 25-30 meters from it (10 photos
each) (Nikon 5000 camera);

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

- taking soil samples directly near the road surface and 25 meters from it (1 kg per bag) with
subsequent chemical analysis;

- noise level measurements (Benetech GM1351);

- fixing the number of vehicles;

- measurements of dustiness with data entry in the corresponding log (PM2.5 Walcom SR-516A log
meter).

Results

As a result of the monitoring studies carried out according to the previously developed program, the
current state of the infra-ecosystem of the Kyiv-Odesa highway was established:

1. The intensity of the noise load increased around large settlements (Uman, Zhashkiv) and in places
close to the border of the regions («Batkivska Khata») and could reach more than 90 dB.

2. The general trends of the dust level growth were also subject to certain spatial patterns. In
particular, dustiness depended on the total carrying capacity of vehicles. For example, if a larger
number of cargo and passenger types of transport (intercity buses) passed by the observation point per
unit of time, then the dust level increased to 35-44 pg/m?® of particles with a size of 10 pm. In
particular, this applied to intercity sections of the route, where vehicles developed a higher speed
(polygons 1, 2, 3, 4).

3. The radiation background at all polygons corresponded to background values and did not exceed
0.2 msv/h, which does not pose a danger.

4. Chemical analysis of soils (Fig. 1) on both sides of the track and at a distance of 25-30 m from it
showed the following results:

- of the heavy metals most used in modern car construction (zinc - galvanized bodies; copper -
electrical wiring, lead - batteries and fuel additives; chrome - chrome parts; titanium - alloy wheels),
the best correlation was shown by the content of zinc and titanium. In particular, the zinc content
gradually decreased from the roadside (69 mgkg and 50 mg/kg to 43 mg/kg and 45 mg/kg,
respectively, at a distance of 25-30 m); titanium content also gradually decreased from the roadside
(396 mg/kg and 343 mg/kg to 289 mg/kg and 380 mg/kg, respectively, at a distance of 25-30 m). At
the same time, we interpreted the increase in the titanium content in the soils of the 4th landfill
compared to the roadside as the presence of another smaller road at a distance of 10 m at the landfill
4, which, as a geochemical barrier, could take over part of the migration of this element (table);

- the lead content showed feedback of 11 mg/kg and 14 mg/kg on both sides of the road to 12 mg/kg
and 15 mg/kg at a distance of 25-30 m., which we explained by being near a field with grain crops
that were fertilized the fastest phosphate fertilizers, which include lead. This conclusion was also
confirmed by the phosphorus content, which showed feedback of 420 mg/kg near the road surface and
605 mg/kg at a distance of 35-40 m;

- we did not manage to interpret the inverse dependence on the distribution of chromium, for which it
is probably necessary to conduct a more thorough study of the mechanisms of distribution of
chromium,.

- sodium content as a component of NaCl, which is used to combat ice on roads, also showed a
positive relationship: 971 mg/kg and 1206 mg/kg to 406 mg/kg and 447 mg/kg, respectively, at a
distance of 25-30 m.

- in general, the content of the main toxic substances in the soil did not exceed the permissible values.
5. The most common types of plants (by frequency) along the Kyiv-Odesa highway were:Artemisia —
21; Cirsium arvense - 19; Onopordum acanthium - 17; Anthriscus cerefolium — 11; Elytrigia — 10;
Hypericum — 8; Cichorium intybus — 8; Achillea millefolium — 7; Daucus carota — 7; Echium vulgare
— 7; Marrubium vulgar) — 7; Chenopodium album — 6; Verbascum — 5; Falcaria vulgaris — 5;
Convolvulus arvensis — 5; Arctium — 5; Poa trivialis — 4; Verbascum thapsus — 4; Conium maculatum
-4,
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The following invasive plants are found on roadsides: Erigeron annuus — 11; Acer negundo — 10;
Ulmus laevis — 10; Crepis tectorum — 7; Grindelia squarrosa — 7; Ambrosia — 3; Solidago Canadensis
— 1; Robinia pseudoacacia — 1; Elaeagnus — 1; Iva xanthiifolia — 1.

The main regularity of the spread of invasive plants, noted by us, is that most of the cases of their
spread are observed at the exit from gas stations, or at important intersections or traffic junctions.
Probably due to the fact that the seeds of these plants, which cling to vehicles during their braking,
fall off and are then blown to the roadside by the wind. Traces of the fight against invasions were
noted only at landfill No. 5 («Batkivska Khata»), where cut stems were found Acer negundo.

Distribution of the known halophyte - Rumex confertus (15) was observed at landfills 1, 3, 4, 13,
which correspond either to the exits from the gas station to the main highway, or are located within
the boundaries of large settlements (Uman, Zhashkiv), which actually confirms the greater intensity of
the fight against ice on the highway sections with increased traffic.

Presence of hydrophyte - Epilobium palustre (1) — landfill 3 - the exit from the SOCAR gas station,
indicates an insufficient washing regime of groundwater, which contributes to the accumulation of
moisture in the soil.

The rest of the plants occur no more than 1-3 times, but their presence creates the same phytodiversity
that is characteristic of natural ecosystems.

As for zoodiversity, we found signs of hunting birds of the falcon family (Falco vespertinus, Falco
columbarius), which use the highway and its adjacent territories as hunting grounds, in particular,
feeding on the remains of wild and domestic animals hit by motor vehicles. In addition, numerous
anthills, spider holes and signs of the presence of various types of insects, worms, and reptiles were
discovered. Since the observation was carried out in daylight with increased traffic intensity, no signs
of mammals' vital activity were detected, which may be done in future studies.

However, the study of biodiversity (species composition of plants and animals) immediately on both
sides of the route and at a distance of 25 m from it confirmed the main trends of gradual
transformation of both biotopes and their inhabitants as the anthropogenization of the natural
landscape decreases.

The degree of completeness of the formation of roadside ecosystems is shown in Fig. 1.
Conclusions

The monitoring study of the infra-ecosystem of the Kyiv-Odesa highway allows us to draw a
conclusion about the existence of ecosystem relations developed to varying degrees in its various
sections. Probably, the youth, maturity, old age and climactic state of such ecosystems depends both
on the age of their existence and on the intensity of anthropogenic influence.

However, the main conclusion is that regardless of the intensity of human intervention in
ecosystem dynamics, the biosphere, due to its extraordinary ability to support life, can
reduce, eliminate, and finally nullify such impacts by adapting to them through the formation
of biodiversity.
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Figure 1 Characterization of the degree of completeness of the formation of ecosystems on the
roadside of the Kyiv-Odesa highway
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