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Background. The spatial features of the structure of earthworm communities in the
area of influence of motor vehicles were analyzed. Five species of lumbricides belonging
to three families were found in the studied biocenosis located near the M06 Kyiv—Chop
motorway (Ukraine): Aporrectodea caliginosa (Savigny, 1826), A. rosea (Savigny, 1826),
A. trapezoides (Dugesi, 1828), Lumbricus terrestris (Linnaeus, 1758) and Dendrobaena
octaedra (Savigny, 1826).

Materials and Methods. Earthworms were collected during 2021-2022 in the bio-
cenosis near the M06 Kyiv—Chop motorway (Berezyna village, Zhytomyr region). The
material was collected by excavation and layer-by-layer analysis of soil samples. The
thickness of each layer was 10 cm. The maximum depth — 0.5 m. Samples were taken
every 10 m from the road to a distance of 210 m. The distance between the rows of
samples along the road was 30 m. STATISTICA software package was used for sta-
tistical analysis of the data. Biodiversity assessments were calculated using the PAST
software package. SAGA and Q-GIS software packages were used for spatial analysis
and mapping of the data.

Results and Discussion. The key factor that influences the structure of earthworm
communities in the area of road transport impact is the distance from the source of
impact. The maximum values of the dominance, Margalef and Berger—Parker indexes
and the number of species are observed in areas near the motorway, while the values of
the Shannon, Simpson, Menhinik and Brillouin indexes have the opposite trend. There
is a correlation between the spatial variability of the structure of earthworm communities
and the values of reflectance in the bands B3, B5, B11 of the Sentinel-2 satellite image.
It allowed us to apply a geographically weighted regression algorithm with several pre-
dictors that indirectly reflect environmental parameters to the data.
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Conclusion. The results obtained show that the use of predictors allows us to
obtain a more mosaic model of the distribution of indicator values compared to inter-
polation by kriging, which can be used to predict the values of earthworm biodiversity
indicators within the study area.
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INTRODUCTION

Environmental pollution from motor vehicle emissions has become a threatening
problem. The increase in the number of cars is exponential, which undoubtedly affects
the level of pollution of habitats, especially those along the roads (Serbenyuk, 2018). It
is known that harmful emissions from motor vehicles are several times higher than the
total of all other sources of pollution (Chuvaev, 2013; Regional report ..., 2021).

Road transport causes soil pollution through fine particulate matter, carbon oxides
and dioxides, nitrogen oxides, organic oils, solvents, and heavy metals (Ni, Hg, Pb,
Cr, Cd, Zn, As) (Rusilo et al., 2008; Stoyko & Koynova, 2012). These emissions in low
concentrations are quite toxic and can change the chemical and biological properties
of the edaphotope. Pollutant emissions are known to depend on the power, operating
mode, and type of engine, the technical condition of the vehicle, its speed, road condi-
tions, and fuel quality (Rusilo et al., 2008; Bordyug & Lagovska, 2014; Pylypenko &
Skok, 2015; National report..., 2020). The constant influence of transport on the soil sys-
tem makes it impossible for it to perform important ecological functions (Khokhryakova,
2016). The accumulation of toxic substances in the soil is gradual and persists over
a long period of time (Fotheringham et al., 1998; Bordyug & Lagovska, 2014). According
to (Malovichko & Holovnya, 2008), the content of heavy metals in soil samples taken at
a distance of more than 100 meters from the road can exceed the maximum permissible
levels by several times. Over the past 40 years, the rapid increase in vehicle emissions
has had a large-scale impact on the spatial distribution and function of habitats, includ-
ing soil, leading to ecosystem degradation (Yuxing et al., 2023). As a result, there is
a growing trend of land cover change, environmental pollution, land degradation, and
biodiversity loss on a global scale (Ban et al., 2015). The anthropogenically transformed
biocenoses create unfavorable living conditions for representatives of all groups of soil
fauna, including lumbricids, which can explain the reduction in the number and diversity
of its representatives (Amossé et al., 2016; Ooms et al., 2020; Maréchal et al., 2021).
The formation of anthropogenic biocenoses as a result of vehicle emissions causes
a change in the structure of soil fauna communities and the loss of synecological
links with neighboring communities, while a dense road transport network negatively
affects the reproduction of animal populations in roadside areas (Seiler, 2001; Stoyko
& Koinova, 2012). It has been established that soils transformed under the influence
of motor vehicles are characterized by a reduced diversity of species and higher taxo-
nomic groups of animals, but include functional communities that are able to maintain
soil structure and regulate the balance of phytophages and their food supply (Amossé
et al., 2016). In the biocenoses located next to the road, the structure of the complex
of earthworms, spiders and millipedes is being restructured in the direction of reducing
their number. One of the reasons is soil pollution with polymetallic dust in combination
with SO, and lead compounds. The high content of heavy metals in the soil also causes
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structural changes in soil nematode communities, which are manifested in an increase
in the number of parasitic species (Rusilo et al., 2008; Stoyko & Koinova, 2012).

Over the past decades, remote sensing methods have been increasingly used to
study biodiversity. Their use for biodiversity monitoring is especially appropriate in the
case of studying large areas or hard-to-reach territories. In addition, remote sensing
data provide efficiency, constant updating of information, orderliness, and processing of
a large amount of information. For example, satellite imagery has been used to estimate
the aboveground biomass and the impact of land cover changes on ground temperature
(Zhou & Wang, 2011; Bai et al., 2020), bird numbers (Culbert et al., 2012), and vegetation
structure (Wood, 2012). Compared to other invertebrates of the soil mesofauna, earth-
worms are the most sensitive indicators of the level of pollution of the edaphotope, as
they are in continuous contact with the soil. Therefore, the aim of this study is to assess
the impact of motor vehicle pollution on the spatial structure of the earthworm complex.

MATERIALS AND METHODS

Earthworms were collected during 2021-2022 in the biocenosis near the M06 Kyiv—
Chop motorway (Berezyna village, Zhytomyr region). The material was collected accord-
ing to the generally accepted method (Amossé et al., 2016) by excavation and layer-by-
layer analysis of soil samples. The thickness of each layer was 10 cm. The maximum
depth was 0.5 m. Samples were taken every 10 m from the road to a distance of 210 m.
The distance between the rows of samples along the road was 30 m. The sampling
scheme is shown in Fig. 1. A total of 930 lumbricides from 105 samples were processed.
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Fig. 1. Location of the test site and earthworm sampling scheme
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STATISTICA software package was used for statistical analysis of the data.
Biodiversity assessments were calculated using the PAST software package. SAGA
and Q-GIS software packages were used for spatial analysis and mapping of the data.

RESULTS AND DISCUSSION

Species diversity. A total of five species of earthworms belonging to three gen-
era were found in the study area: Aporrectodea caliginosa (Savigny, 1826), A. rosea
(Savigny, 1826), A. trapezoides (Dugesi, 1828), Lumbricus terrestris (Linnaeus, 1758)
and Dendrobaena octaedra (Savigny, 1826). The first two species were the most abun-
dant, being represented in almost all samples (Fig. 2). However, their number in indi-
vidual samples varied significantly. For example, the maximum number of individuals of
A. caliginosa reached 13 in some samples, and A. rosea — eight individuals. At the same
time, as can be seen from the diagrams in Fig. 2, the samples located closer to the road
were characterized by a significantly lower number of these species. The other three
species were less numerous. So, the maximum number of A. trapezoides in the sample
did not exceed four, and L. terrestris — three individuals. The spatial distribution of these
species in the samples is noteworthy. The first of them regularly occurs at a distance
of 40-50 m from the road, and for the second this distance is twice as large. The latter
species, D. octaedra, was represented by single individuals only in some samples, but
also at a considerable distance from the motorway. The obtained results indicate diffe-
rent sensitivity of the identified species to the traffic load. As a rule, in mass eurybiont
species, this effect is reflected only in changes in abundance, while more stenobiont
species practically disappear from the zone of maximum impact of the studied factor.
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Fig. 2. Representation of the identified earthworm species in the samples
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Such features of the distribution of earthworm species in the area affected by road
traffic have a significant impact on the species structure of individual samples (Fig. 3).
In most cases, the eurybiont species A. caliginosa and A. rosea are the clear domi-
nants. Only in some samples A. trapezoides and L. terrestris are co-dominant. At the
same time, samples close to the motorway are usually represented by one or two spe-
cies. As the distance from the road increases, species diversity increases.
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Fig. 3. Species structure of the studied samples

Biodiversity estimates and total abundance. To analyze the spatial distribution of
biodiversity values, we used the simple kriging interpolation procedure implemented in the
SAGA software package. The statistical algorithm of distance-weighted regression was
used to analyze the dependence of biodiversity values on the distance to the motorway.

As can be seen from Fig. 4.1-4.2, there is a fairly clear tendency for the total num-
ber of earthworms to increase with distance from the motorway. However, the spatial
distribution of the indicator values is not uniform, which may indicate the influence of
local factors. For example, after a gradual increase in the indicator with distance from
the road, there is the zone with its slight decrease, whose localization almost coincides
with the zone of the power line influence. Next, there is a zone of high values of the
indicator, which is replaced by a zone with lower values of the number of animals. This
zone is also likely related to local factors — there is another power line and a dirt road.
Other factors, such as soil moisture or structure, are also possible.

As for other biodiversity assessments, two types of spatial dynamics are observed.
The first type is characteristic of dominance indices (Fig. 4.3—4.4), Margalef and
Berger—Parker indices, and species number estimates. In the case of these indices,
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their maximum values are observed near the motorway, and as you move away from it,
the values of these indices decrease. The opposite trend is observed in the case of the
Shannon, Simpson, Menhinik and Brillouin indices.
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Fig. 4. Spatial distribution: number of individuals in the sample (1) and their dependence on the distance to
the motorway (2); dominance index values (3) and their dependence on the distance to the motor-
way (4); Simpson’s index values (5) and their dependence on the distance to the motorway (6)

In contrast, these values increase with distance from the road (Fig. 4.5-4.6). It is note-
worthy that in the case of relative biodiversity assessments, which include the analyzed indi-
ces, there is no such pronounced influence of local factors on the distribution of their values
as in the case of the absolute indicator — the total number of earthworms in the sample.
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Such a spatial distribution of index values indicates a depleted species composition
of the communities in the immediate vicinity of the motorway and the presence of well-
defined dominants in this area. As you move away from the road, the species diversity
of the communities increases, and their structure becomes more even.

The results obtained indicate that the key factor affecting the structure of lumbricide
communities in the area of impact of motor vehicle traffic is the distance from the source
of impact. However, the nature of the spatial distribution of the data suggests the possibil-
ity of the influence of a number of local factors related or not related to the level of traffic
load. For a comprehensive assessment of the impact of such local factors, the use of
remote sensing data may be promising. Remote sensing is known to have great potential
as a source of information on biodiversity (Foody, 2005; Congedo, 2021). For example,
this type of data is widely used in agriculture and forestry and a number of other fields
(geology, cartography, ecology, hydrology, climatology, meteorology, landscape science,
urban planning, and emergency monitoring). Remote sensing data is used to assess
the condition of crops, identify areas of crops and forests damaged by pests, determine
certain soil characteristics, temperature, humidity of the object under study, etc. In other
words, different ranges of satellite imagery can provide important information about the
characteristics and condition of vegetation cover and biotope in general.

Environmental parameters derived from remote sensing data, as a comprehensive
representation of climate and environmental factors, are used in large-scale biodiversity
studies (Liu et al., 2019). Satellite remote sensing methods are a valuable alternative
source of information on the characteristics of forest ecosystems at different spatial and
time scales (Maselli et al., 2014; Furukawa et al., 2020). Equally effective is the use
of remote sensing data for the analysis of flora species diversity (Coops et al., 2019;
Damtew et al., 2021). As for the invertebrate fauna, there are examples of success-
ful use of remote sensing data to assess the species diversity of the entomofauna of
agricultural landscapes (agrocenoses, forest belts, ecotones, remnants of natural eco-
systems) (Vagalyuk et al., 2016). Therefore, we used remote sensing data (Sentinel-2
satellite image, 08.08.2021) to assess the possible impact of environmental parameters
on the number of earthworms and the structure of communities. The analysis included
bands 2 — 12 of the satellite image, as well as the normalized differential vegetation
index (NDVI = (B08 — B4) / (B0O8 + B4) and the normalized differential moisture index
(NDMI = (B0O8 — B11) / (B08 + B11). The most related to the structure of earthworm
communities are such indicators as distance to the road and reflectance in the bands
B3, B5, B11 of the Sentinel-2 satellite image. There is a positive correlation between
these parameters and almost all the biodiversity indicators used. In addition, a positive
correlation is observed between the values of earthworms in the sample and the reflec-
tance in bands B6, B7, B8 and B8A of the satellite image. At the same time, the NDMI
index values correlate with only one biodiversity indicator (the number of individuals in
the sample), and the vegetation index NDVI showed no significant correlation with any
of the indicators used.

To simulate the spatial distribution of biodiversity indicators, we used the multivariate
geographically weighted regression algorithm (Fotheringham et al., 1998). This method
allows interpolation of data to the study area based on one or more predictors specified
in the rasters. Geographically weighted regression is a statistical method that can reflect
the spatial characteristics of relationships, taking into account factors of spatial hetero-
geneity, by building local regression equations for each raster. It can also be used to
capture spatial and temporal variations in area change and their causes (Liu et al., 2019;
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Zhu et al., 2020; Zheng et al., 2021). There
are examples of successful use of geo-
graphically weighted regression to investi-
gate the level of impact of urbanization and
landscape change on the quality of habitat
for living organisms (Zhu et al., 2020). In
the case of this study, the distance to the
motorway, the reflectance of the Sentinel-2
satellite image bands, and some of the
most commonly used vegetation indices
were used as predictors. At the same time,
environmental indicators that could be use-
ful for model building were selected based
on the analysis of their correlations with bio-
diversity indicators. According to the results
obtained, the use of predictors allows us
to obtain @ more mosaic model of the dis-
tribution of indicator values compared to
interpolation by kriging. For example, in
the case of the total number of earthworms
(Fig. 5.1), a more or less smooth gradi-
ent is observed with a gradual increase
in the value of the indicator as it moves
away from the motorway. At the same time,
there are localized pockets of reduced and
increased numbers of these animals. Such
a model, which indirectly takes into account

0 15 30m = : - p— abiotic parameters of the environment, and

8 not only the results of field assessments of

§‘g8"5°” biodiversity indicators, seems to be more
D 0.12 B adequate in general.

Fig. 5. Spatial distribution of the predicted values: Fgr the gther b_IOdIV,erSI_ty I,ndlcato_rs’
of earthworm population (1), dominance ~Modeling their spatial distribution using
index (2), Simpson’s index (3) geographically weighted regression yields

results similar to those obtained by the

kriging method. Two types of spatial dynamics of indicators are also distinguished: 1)

the values of the dominance indices (Fig. 5.2), Margalef and Berger-Parker and the esti-

mates of the number of species gradually decrease with distance from the motorway; 2)

the values of the Shannon, Simpson (Fig. 5.3), Menhinik and Brillouin indices increase

with distance from the road. However, even in the case of these indices, the inclusion
of environmental parameters in the model allows us to obtain a more mosaic model

(compared to the results of interpolation by the kriging method).

CONCLUSIONS

Using the method of geographically weighted regression with several predictors
that reflect environmental parameters, we obtained a model that makes it possible to
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predict the values of earthworm biodiversity indicators within the study area. The applied
methodology can be promising for the rapid assessment of anthropogenic impacts on
the biodiversity of soil mesofauna and a number of other ecological groups of animals.
In addition, the use of remote sensing data and indices calculated on their basis as pre-
dictors allows covering large areas (including hard-to-reach ones) and makes it possible
to predict biodiversity indicators even in areas with little field research coverage. This
approach can be useful for identifying potential areas of high biodiversity, confined to
local conditions, which may be valuable from a zoological point of view.

ACKNOWLEDGMENTS AND FUNDING SOURCES

Conflict of Interest. The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Animal studies. All national and institutional guidelines for the use of laboratory
animals were followed.

AUTHOR CONTRIBUTIONS

Conceptualization, [O.H.]; methodology, [O.H.]; validation, [O.H.; V.M.]; formal
analysis, [O.H.; V.M.]; investigation, [O.H.; V.M.]; resources, [O.H.; V.M.; D.H.; D.V.;
0O.K.]; data curation, [O.H.]; writing — original draft preparation, [O.H.; V.M.]; writing —
review and editing, [O.H.; V.M.; D.H.]; visualization, [O.H.; V.M.] supervision, [O.H.].

All authors have read and agreed to the published version of the manuscript.

REFERENCES

Amossé, J., Dézsa-Farkas, K., Boros, G., Rochat, G., Sandoz, G., Fournier, B., Mitchell, A. D. E.,
& Le Bayon, R-C. (2016). Patterns of earthworm, enchytraeid and nematode diversity and
community structure in urban soils of different ages. European Journal of Soil Biology, 73,
46-58. doi:10.1016/j.ejsobi.2016.01.004
Crossref @ Google Scholar

Bai, L., Shu, Y., & Guo, Y. (2020). Estimating aboveground biomass of urban trees by high resolution
remote sensing image: a case study in Hengqin, Zhuhai, China. /IOP Conference Series:
Earth and Environmental Science, 569(1), 012053. doi:10.1088/1755-1315/569/1/012053
Crossref @ Google Scholar

Ban, Y., Gong, P., & Giri, C. (2015). Global land cover mapping using Earth observation satellite
data: Recent progresses and challenges. ISPRS Journal of Photogrammetry and Remote
Sensing, 103, 1-6. doi:10.1016/j.isprsjprs.2015.01.001
Crossref @ Google Scholar

Bordyug, N. S., & Lagovska, V. V. (2014). The influence of road transport on the quality of soils
of the Red Army district. Modern problems of balanced nature management. Collection of
Podilskyi’s scientific works State Agrarian and Technical University, 169-170. (In Ukrainian)
Retrieved from http://ir.polissiauniver.edu.ua/handle/123456789/4817

Chuvaey, P. I. (2013). Vplyv avtomobilnoho transportu na navkolyshnie seredovyshche [Influence
of motor transport on environment]. Herald of the National Transport University, 27, 380-383.
(In Ukrainian)

Google Scholar

Congedo, L. (2021). Semi-automatic classification plugin: a Python tool for the download and
processing of remote sensing images in QGIS. Journal of Open Source Software, 6(64),
3172. doi: 10.21105/joss.03172
Crossref @ Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ Bionoriuxi Ctygii / Studia Biologica ¢ 2024 ¢ Tom 18 /N2 2 e C. 157-168


https://doi.org/10.1016/j.ejsobi.2016.01.004
https://scholar.google.com.ua/scholar_lookup?title=Patterns+of+earthworm,+enchytraeid+and+nematode+diversity+and+community+structure+in+urban+soils+of+different+ages&hl=uk&authuser=4
https://doi.org/10.1088/1755-1315/569/1/012053
https://scholar.google.com.ua/scholar_lookup?title=Estimating+aboveground+biomass+of+urban+trees+by+high+resolution+remote+sensing+image%3A+a+case+study+in+Hengqin%2C+Zhuhai%2C+China&btnG=
https://doi.org/10.1016/j.isprsjprs.2015.01.001
https://scholar.google.com.ua/scholar_lookup?title=Global+land+cover+mapping+using+Earth+observation+satellite+data%3A+Recent+progresses+and+challenges&btnG=
http://ir.polissiauniver.edu.ua/handle/123456789/4817
https://scholar.google.com.ua/scholar?hl=uk&as_sdt=0%2C5&q=%D0%A7%D1%83%D0%B2%D0%B0%D1%94%D0%B2%2C+%D0%9F.+%D0%86.+%22%D0%92%D0%BF%D0%BB%D0%B8%D0%B2+%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE+%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82%D1%83+%D0%BD%D0%B0+%D0%BD%D0%B0%D0%B2%D0%BA%D0%BE%D0%BB%D0%B8%D1%88%D0%BD%D1%94+%D1%81%D0%B5%D1%80%D0%B5%D0%B4%D0%BE%D0%B2%D0%B8%D1%89%D0%B5.%22&btnG=
https://doi.org/10.21105/joss.03172
https://scholar.google.com.ua/scholar_lookup?title=Semi-Automatic+Classification+Plugin%3A+A+Python+tool+for+the+download+and+processing+of+remote+sensing+images+in+QGIS.&btnG=

166 Oleksandr Harbar, Viktoriia Moroz, Diana Harbar, Dmytro Vyskushenko, Oleksandr Kratiuk

Coops, N. C., Bolton, D. K., Hobi, M. L., & Radeloff, V. C. (2019). Untangling multiple species
richness hypothesis globally using remote sensing habitat indices. Ecological Indicators, 107,
105567. doi:10.1016/j.ecolind.2019.105567
Crossref ® Google Scholar

Culbert, P. D., Radeloff, V. C., St-Louis, V., Flather, C. H., Rittenhouse, C. D., Albright, T. P,,
& Pidgeon, A. M. (2012). Modeling broad-scale patterns of avian species richness across
the Midwestern United States with measures of satellite image texture. Remote Sensing of
Environment, 118, 140—-150. doi:10.1016/j.rse.2011.11.004
Crossref ® Google Scholar

Damtew, Y. T., Verbeiren, B., Awoke, A., & Triest, L. (2021). Satellite imageries and field data of
macrophytes reveal a regime shift of a tropical lake (Lake Ziway, Ethiopia). Water, 13(4), 396.
doi:10.3390/w13040396
Crossref ® Google Scholar

Foody, G. M. (2005). Mapping the richness and composition of British breeding birds from coarse
spatial resolution satellite sensor imagery. International Journal of Remote Sensing, 26(18),
3957-3974. doi:10.1080/01431160500165716
Crossref ® Google Scholar

Fotheringham, S. A., Charlton, M., & Brunsdon, C. (1998). Geographically weighted regression:
a natural evolution of the expansion method for spatial data analysis. Environment and
Planning A, 30(11), 1905-1927. doi:10.1068/a301905
Crossref ® Google Scholar

Furukawa, F., Morimoto, J., Yoshimura, N., & Kaneko, M. (2020). Comparison of conventional
change detection methodologies using high-resolution imagery to find forest damage caused
by typhoons. Remote Sensing, 12(19), 3242. doi:10.3390/ rs12193242
Crossref @ Google Scholar

Khokhryakova, A. I. (2016). Soils of the cities: features of genesis, classification and diagnostics.
Odesa National University Herald. Series: Geography & Geology, 21(1(28)), 110-125.
doi:10.18524/2303-9914.2016.1(28).90336 (In Ukrainian)

Crossref ® Google Scholar

Liu, S., Dong, Y., Sun, Y., Li, J., An, Y., & Shi, F. (2019). Modelling the spatial pattern of biodiversity
utilizing the high-resolution tree cover data at large scale: case study in Yunnan province,
Southwest China. Ecological Engineering, 134, 1-8. doi:10.1016/j.ecoleng.2019.05.001
Crossref @ Google Scholar

Malovichko, O. V., & Holovnya, Yu. P. (2008). Environmental impact analysis of pollution highways
Kyiv. Proceedings of National Aviation University, 37(4), 89-92. doi:10.18372/2306-
1472.37.1639 (In Ukrainian)

Crossref ® Google Scholar

Maréchal, J., Hoeffner, K., Marié, X., & Cluzeau, D. (2021). Response of earthworm communities
to soil engineering and soil isolation in urban landscapes. Ecological Engineering, 169,
106307. doi:10.1016/j.ecoleng.2021.106307
Crossref ® Google Scholar

Maselli, F., Chiesi, M., & Corona, P. (2014). Use of geographically weighted regression to
enhance the spatial features of forest attribute maps. Journal of Applied Remote Sensing,
8(1), 083533. doi:10.1117/1.jrs.8.083533
Crossref ® Google Scholar

National report on the state of the natural environment in Ukraine in 2020. (March 28, 2023).
Ministry of Environmental Protection and Natural Resources of Ukraine. Retrieved from https://
mepr.gov.ua/wp-content/uploads/2022/10/Natsionalna-Dopovid-2020-2.pdf (In Ukrainian)

Ooms, A, Dias, A. T. C., van Oosten, A. R., Cornelissen, J. H. C., Ellers, J., & Berg, M. P. (2020).
Species richness and functional diversity of isopod communities vary across an urbanisation
gradient, but the direction and strength depend on soil type. Soil Biology and Biochemistry,
148, 107851. doi:10.1016/j.s0ilbio.2020.107851
Crossref ® Google Scholar

Pylypenko, Yu. V., & Skok, S. V. (2015). Otsinka rivnia zabrudnennia gruntu vazhkymy metalamy
v mezhakh miskoi systemy (na prykladi m. Kherson) [Evaluation of the level of soil

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni Ctyaji / Studia Biologica e 2024 « Tom 18 / N2 2 e C. 157-168


https://doi.org/10.1016/j.ecolind.2019.105567
https://scholar.google.com.ua/scholar_lookup?title=Untangling+multiple+species+richness+hypothesis+globally+using+remote+sensing+habitat+indices&btnG=
https://doi.org/10.1016/j.rse.2011.11.004
https://scholar.google.com.ua/scholar_lookup?title=Modeling+broad-scale+patterns+of+avian+species+richness+across+the+Midwestern+United+States+with+measures+of+satellite+image+texture&btnG=
https://doi.org/10.3390/w13040396
https://scholar.google.com.ua/scholar_lookup?title=Satellite+Imageries+and+Field+Data+of+Macrophytes+Reveal+a+Regime+Shift+of+a+Tropical+Lake+%28Lake+Ziway%2C+Ethiopia%29&btnG=
https://doi.org/10.1080/01431160500165716
https://scholar.google.com.ua/scholar_lookup?title=Mapping+the+richness+and+composition+of+British+breeding+birds+from+coarse+spatial+resolution+satellite+sensor+imagery&btnG=
https://doi.org/10.1068/a301905
https://scholar.google.com.ua/scholar_lookup?title=Geographically+weighted+regression%3A+a+natural+evolution+of+the+expansion+method+for+spatial+data+analysis&btnG=
https://doi.org/10.3390/rs12193242
https://scholar.google.com.ua/scholar_lookup?title=Comparison+of+conventional+change+detection+methodologies+using+high-resolution+imagery+to+find+forest+damage+caused+by+typhoons&btnG=
https://doi.org/10.18524/2303-9914.2016.1(28).90336
https://scholar.google.com.ua/scholar_lookup?title=Soils+of+the+cities%3A+features+of+genesis%2C+classification+and+diagnostics&btnG=
https://doi.org/10.1016/j.ecoleng.2019.05.001
https://scholar.google.com.ua/scholar_lookup?title=Modelling+the+spatial+pattern+of+biodiversity+utilizing+the+high-resolution+tree+cover+data+at+large+scale%3A+Case+study+in+Yunnan+province%2C+Southwest+China&btnG=
https://doi.org/10.18372/2306-1472.37.1639
https://scholar.google.com.ua/scholar_lookup?title=%D0%9E%D0%92+%D0%9C%D0%B0%D0%BB%D0%BE%D0%B2%D1%96%D1%87%D0%BA%D0%BE%2C+%D0%AE%D0%9F+%D0%93%D0%BE%D0%BB%D0%BE%D0%B2%D0%BD%D1%8F++%D0%95%D0%9A%D0%9E%D0%9B%D0%9E%D0%93%D0%86%D0%A7%D0%9D%D0%98%D0%99%D0%90%D0%9D%D0%90%D0%9B%D0%86%D0%97%D0%9D%D0%90%D0%A1%D0%9B%D0%86%D0%94%D0%9A%D0%86%D0%92%D0%A1%D0%A2%D0%90%D0%9D%D0%A3%D0%97%D0%90%D0%91%D0%A0%D0%A3%D0%94%D0%9D%D0%95%D0%9D%D0%9D%D0%AF%D0%90%D0%92%D0%A2%D0%9E%D0%9C%D0%90%D0%93%D0%86%D0%A1%D0%A2%D0%A0%D0%90%D0%9B%D0%95%D0%99%D0%9A%D0%98%D0%84%D0%92%D0%90&btnG=
https://doi.org/10.1016/j.ecoleng.2021.106307
https://scholar.google.com.ua/scholar_lookup?title=Response+of+earthworm+communities+to+soil+engineering+and+soil+isolation+in+urban+landscapes&btnG=
https://doi.org/10.1117/1.JRS.8.083533
https://scholar.google.com.ua/scholar_lookup?title=Use+of+geographically+weighted+regression+to+enhance+the+spatial+features+of+forest+attribute+maps&btnG=
https://mepr.gov.ua/wp-content/uploads/2022/10/Natsionalna-Dopovid-2020-2.pdf
https://mepr.gov.ua/wp-content/uploads/2022/10/Natsionalna-Dopovid-2020-2.pdf
https://doi.org/10.1016/j.soilbio.2020.107851
https://scholar.google.com.ua/scholar_lookup?title=Species+richness+and+functional+diversity+of+isopod+communities+vary+across+an+urbanisation+gradient%2C+but+the+direction+and+strength+depend+on+soil+type&btnG=

SPATIAL VARIATION OF EARTHWORM COMMUNITIES IN THE MOTORWAY PROXIMITY 1 67

contamination by heavy metals within the limits of urban system (through the example of
Kherson city)]. Biology and Valeology, 17, 138—145. (In Ukrainian)
Google Scholar

Regional report on the state of the natural environment of Zhytomyr Region in 2021 (February 18,
2023). Department of Ecology and Natural Resources of Zhytomyr Oblast. Retrieved
from  https://mepr.gov.ua/wp-content/uploads/2022/10/Regionalna-dopovid-ZHytomyrska-
ODA-2021.pdf (In Ukrainian)

Rusilo, P. O., Kostyuk, V. V., & Afonin, V. M. (2008). Vplyv na dovkillia avtomobilnoho transportu
na vsikh stadiiakh yoho zhyttievoho tsyklu [Influence on environment of motor transport on all
of the stages him life cycle]. Scientific Bulletin of UNFU, 18(3), 85—89. Retrieved from https://
nv.nltu.edu.ua/Archive/2008/18_3/85_Rusilo_18_3.pdf (In Ukrainian)

Google Scholar

Seiler, A. (2001). Ecological effects of roads: a review. Uppsala: Swedish University of Agricultural
Sciences.

Google Scholar

Serbenyuk, A. A. (2018). Vplyv avtomobilnoho transportu na navkolyshnie seredovyshche
v mezhakh transportnoi systemy Vinnytskoi oblasti [Influence of motor transport on the
environment within the transport system of the Vinnytsia region]. Young Scientist, 8(60),
223-227. Retrieved from https://molodyivchenyi.ua/index.php/journal/article/view/4150/4082
(In Ukrainian)

Google Scholar

Stoyko, S., & Koynova, |. (2012) Suchasni vydy antropohennoho vplyvu na zhyttieve
seredovyshche [Modern types of anthropogenic impact on vital environment]. Ukrainian
Geographical Journal, 1, 50-57. Retrieved from https://ukrgeojournal.org.ua/sites/default/
files/UGJ-2012-1-50_0.pdf (In Ukrainian)

Google Scholar

Vagalyuk, L., Minyailo, A., & Chayka, V. (2016). Riznomanittia i trofichni zviazky entomofauny
ahrolandshaftiv Lisostepu Ukrainy [Diversity and trophic relations entomofauna agricultural
landscapes Ukraine steppe]. Scientific Bulletin of the National University of Bioresources and
Nature Management of Ukraine, 234, 78—79. Retrieved from https://journals.indexcopernicus.
com/apiffile/viewByFileld/72551.pdf (In Ukrainian)

Google Scholar

Wood, E. M., Pidgeon, A. M., Radeloff, V. C., & Keuler, N. S. (2012). Image texture as a remotely
sensed measure of vegetation structure. Remote Sensing of Environment, 121, 516-526.
doi:10.1016/j.rse.2012.01.003
Crossref @ Google Scholar

Yanyu, L. U., Chao, L. I., Guanglong, O. U., Hexian, X., Anchao, W., Bo, Z., & Hui, X. U. (2017).
Remote sensing estimation of biomass of Pinus kesiya var. langbianensis by geographically
weighted regression models. Forest Resources Wanagement, 1, 82—90.

Google Scholar

Yuxing, Y., Yuanyuan, Y., Yongsheng, W., & Jianwu, Y. (2023). Trends and attribution analysis
of habitat quality changes in Beijing-Tianjin-Hebei region over the past 40 years. Remote
Sensing Technology and Application, 38(2), 251-263.

Google Scholar

Zheng, X., Zou, Z., Xu, C., Lin, S., Wu, Z., Qiu, R., Hu, X., & Li, J. (2021). A new remote sensing
index for assessing spatial heterogeneity in urban ecoenvironmental-quality-associated road
networks. Land, 11(1), 46. doi:10.3390/land11010046
Crossref @ Google Scholar

Zhou, X., & Wang, Y. (2011). Dynamics of land surface temperature in response to land-use/cover
change. Geographical Research, 49(1), 23—-36. doi:10.1111/j.1745-5871.2010.00686.x
Crossref @ Google Scholar

Zhu, C., Zhang, X., Zhou, M., He, S., Gan, M., Yang, L., & Wang, K. (2020). Impacts of urbanization
and landscape pattern on habitat quality using OLS and GWR models in Hangzhou, China.
Ecological Indicators, 117, 106654. doi:10.1016/j.ecolind.2020.106654
Crossref @ Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ Bionoriuxi Ctygii / Studia Biologica ¢ 2024 ¢ Tom 18 /N2 2 e C. 157-168


https://scholar.google.com.ua/scholar_lookup?title=%D0%9F%D0%B8%D0%BB%D0%B8%D0%BF%D0%B5%D0%BD%D0%BA%D0%BE%2C+%D0%AE.+%D0%92.%2C+%26+%D0%A1%D0%BA%D0%BE%D0%BA%2C+%D0%A1.+%D0%92.+%282018%29.+%D0%9E%D1%86%D1%96%D0%BD%D0%BA%D0%B0+%D1%80%D1%96%D0%B2%D0%BD%D1%8F+%D0%B7%D0%B0%D0%B1%D1%80%D1%83%D0%B4%D0%BD%D0%B5%D0%BD%D0%BD%D1%8F+%D2%91%D1%80%D1%83%D0%BD%D1%82%D1%83+%D0%B2%D0%B0%D0%B6%D0%BA%D0%B8%D0%BC%D0%B8+%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%B0%D0%BC%D0%B8+%D0%B2+%D0%BC%D0%B5%D0%B6%D0%B0%D1%85+%D0%BC%D1%96%D1%81%D1%8C%D0%BA%D0%BE%D1%97+%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B8+%28%D0%BD%D0%B0+%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D1%96+%D0%BC.+%D0%A5%D0%B5%D1%80%D1%81%D0%BE%D0%BD%29.&btnG=
https://mepr.gov.ua/wp-content/uploads/2022/10/Regionalna-dopovid-ZHytomyrska-ODA-2021.pdf
https://mepr.gov.ua/wp-content/uploads/2022/10/Regionalna-dopovid-ZHytomyrska-ODA-2021.pdf
https://nv.nltu.edu.ua/Archive/2008/18_3/85_Rusilo_18_3.pdf 
https://nv.nltu.edu.ua/Archive/2008/18_3/85_Rusilo_18_3.pdf 
https://scholar.google.com.ua/scholar_lookup?title=%D0%92%D0%BF%D0%BB%D0%B8%D0%B2+%D0%BD%D0%B0+%D0%B4%D0%BE%D0%B2%D0%BA%D1%96%D0%BB%D0%BB%D1%8F+%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%BE%D0%B1%D1%96%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE+%D1%82%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82%D1%83+%D0%BD%D0%B0+%D0%B2%D1%81%D1%96%D1%85+%D1%81%D1%82%D0%B0%D0%B4%D1%96%D1%8F%D1%85+%D0%B9%D0%BE%D0%B3%D0%BE+%D0%B6%D0%B8%D1%82%D1%82%D1%94%D0%B2%D0%BE%D0%B3%D0%BE+%D1%86%D0%B8%D0%BA%D0%BB%D1%83&hl=uk&authuser=4
https://scholar.google.com/scholar_lookup?&title=Ecological%20effects%20of%20roads%3A%20a%20review.%20Introductory%20research%20essay%20no.%209&publication_year=2001&author=Seiler%2CA
https://molodyivchenyi.ua/index.php/journal/article/view/4150/4082
https://scholar.google.com.ua/scholar_lookup?title=Influence+of+motor+transport+on+the+environment+within+the+transport+system+of+the+Vinnytsia+region&btnG=
https://ukrgeojournal.org.ua/sites/default/files/UGJ-2012-1-50_0.pdf
https://ukrgeojournal.org.ua/sites/default/files/UGJ-2012-1-50_0.pdf
https://scholar.google.com.ua/scholar_lookup?title=%D0%A1%D1%83%D1%87%D0%B0%D1%81%D0%BD%D1%96+%D0%B2%D0%B8%D0%B4%D0%B8+%D0%B0%D0%BD%D1%82%D1%80%D0%BE%D0%BF%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE+%D0%B2%D0%BF%D0%BB%D0%B8%D0%B2%D1%83+%D0%BD%D0%B0+%D0%B6%D0%B8%D1%82%D1%82%D1%94%D0%B2%D0%B5+%D1%81%D0%B5%D1%80%D0%B5%D0%B4%D0%BE%D0%B2%D0%B8%D1%89%D0%B5&btnG=
https://journals.indexcopernicus.com/api/file/viewByFileId/72551.pdf
https://journals.indexcopernicus.com/api/file/viewByFileId/72551.pdf
https://scholar.google.com.ua/scholar_lookup?title=%D0%A0%D1%96%D0%B7%D0%BD%D0%BE%D0%BC%D0%B0%D0%BD%D1%96%D1%82%D1%82%D1%8F+%D1%96+%D1%82%D1%80%D0%BE%D1%84%D1%96%D1%87%D0%BD%D1%96+%D0%B7%D0%B2%E2%80%99%D1%8F%D0%B7%D0%BA%D0%B8+%D0%B5%D0%BD%D1%82%D0%BE%D0%BC%D0%BE%D1%84%D0%B0%D1%83%D0%BD%D0%B8+%D0%B0%D0%B3%D1%80%D0%BE%D0%BB%D0%B0%D0%BD%D0%B4%D1%88%D0%B0%D1%84%D1%82%D1%96%D0%B2+%D0%9B%D1%96%D1%81%D0%BE%D1%81%D1%82%D0%B5%D0%BF%D1%83+%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D0%B8&btnG=
https://doi.org/10.1016/j.rse.2012.01.003
https://scholar.google.com.ua/scholar_lookup?title=Image+texture+as+a+remotely+sensed+measure+of+vegetation+structure&hl=uk&authuser=4
https://scholar.google.com.ua/scholar_lookup?title=Remote+Sensing+Estimation+of+Biomass+of%C2%A0Pinus+kesiya%C2%A0var.+langbianensis+by+Geographically+Weighted+Regression+Models&btnG=
https://scholar.google.com.ua/scholar_lookup?title=Trends+and+Attribution+Analysis+of+Habitat+Quality+Changes+in+Beijing-Tianjin-Hebei+Region+over+the+Past+40+Years&btnG=
https://doi.org/10.3390/land11010046
https://scholar.google.com.ua/scholar_lookup?title=A+New+Remote+Sensing+Index+for+Assessing+Spatial+Heterogeneity+in+Urban+Ecoenvironmental-QualityAssociated+Road+Networks&btnG=
https://doi.org/10.1111/j.1745-5871.2010.00686.x
https://scholar.google.com/scholar_lookup?&title=Dynamics%20of%20land%20surface%20temperature%20in%20response%20to%20land-use%2Fcover%20change&journal=Geograph%20Res&doi=10.1111%2Fj.1745-5871.2010.00686.x&volume=49&issue=1&pages=23-36&publication_year=2011&author=Zhou%2CX&author=Wang%2CYC
https://doi.org/10.1016/j.ecolind.2020.106654
https://scholar.google.com/scholar_lookup?&title=Impacts%20of%20urbanization%20and%20landscape%20pattern%20on%20habitat%20quality%20using%20OLS%20and%20GWR%20models%20in%20Hangzhou%2C%20China&journal=Ecol.%20Indic.&doi=10.1016%2Fj.ecolind.2020.106654&volume=117&publication_year=2020&author=Zhu%2CC

168 Oleksandr Harbar, Viktoriia Moroz, Diana Harbar, Dmytro Vyskushenko, Oleksandr Kratiuk

NMPOCTOPOBA MIHITUBICTb YIrPYNOBAHb NOLWOBUX YEPBIB
Y 30HI BINMJIBY ABTOTPACHU

OnekcaHOp Map6ap', Bikmopiss Mopo3', fiaHa MNap6ap’,

Amumpo BuckyweHko', OnekcaHop Kpamiok?

" ) Kumomupcbkuli OepxkasHull yHisepcumem iMeHi IsaHa ®paHka

8yn. Benuka bepdudiecbka, 40, Kumomup 10008, YkpaiHa

2 MMonicbkuli HaujioHanbHUl yHisepcumem, 8yn. Cmapuli 6ynseap, 7, XXumomup 10002, YkpaiHa

BcTtyn. NMpoaHanizoBaHO NpOCTOPOBI OCOBAMBOCTI CTPYKTYPU YrpyrnoBaHb AOLLO-
BUX YepB’sikiB y 30HI Ail aBTOTpaHcnopty. Y gocnigxyBaHomy 6GioueHosi 6ina Tpacu
MO06 Kuis—Yon (YkpaiHa) BusBneHo 5 Buais nombpuuma Tpbox poauH: Aporrectodea
caliginosa (Savigny, 1826), A. rosea (Savigny, 1826), A. trapezoides (Dugesi, 1828),
Lumbricus terrestris (Linnaeus, 1758) i Dendrobaena octaedra (Savigny, 1826).

Matepianu Ta metogu. [lowoBnx Yyeps’skiB 36upanu npotarom 2021-2022 pokis
y 6ioLleHo3si 6inga Tpacun M06 Knis—4on (c. bepesnHa, XXutomupcbka obnacte). Matepian
30uMpanu MeTo4oM PO3KOMOK Ta NOoLIapoBOro aHanidy npob rpyHTy. TOBLUMHA KOXHOMO
wapy — 10 cm. MakcumarnbHa rmubuHa — 0,5 m. Mpobu Bigbupanu Yepes koxHi 10 M Big
aoporu Ha BigctaHi 210 M. BiactaHb Mix psigamu 3paskiB y3gosx goporn — 30 M. [Ang
CTaTUCTUYHOI 06pobKM aaHux BukopuctoByBanu naket nporpam STATISTICA. OuiHkn
Oiopi3HOMaHITTA po3paxoBaHO 3a [OMNOMOrow nporpamHoro nakety PAST. [na npo-
CTOPOBOro aHanizy Ta KaptorpadyBaHHs1 JaHUX BMKOPUCTOBYBAmM MporpamHi naketu
SAGA ta Q-GIS.

Pesynbratn. KnwoyoBuM hakTopoM, KU BAMIMBAE Ha CTPYKTYpPY YrpynoBaHb
OOLLIOBUX YepB’aKiB y 30HI BNAUBY aBTOMOGINBHOMO TPaHCMOPTY, € BiACTaHb Bif Oxe-
pena Bnnuey. MakcumanbHi 3Ha4eHHs1 JOMiHYBaHHS, iHaekciB Mapraneda Ta beprepa—
[Mapkepa Ta yMcenbHOCTI BMAIB cnocTepiranu Ha TepuTopisax nobnuay asTomarictpani,
a 3HaJeHHs iHgekciB LeHHoHa, CimncoHa, MeHxiHika Ta bpinnyiHa MatoTb NPOTUREXHY
TeHAeHU 0. € Kopensuia MK MPOCTOPOBOK MIHMAMBICTIO CTPYKTYpPU YrpynoBaHb AOLLO-
BUX YepB’AKiB i 3HAa4YeHHsAMW BigOMBHOI 34aTHOCTI B gianasoHax B3, B5, B11 kocmiy-
Horo 306paxeHHs Sentinel-2. Lle gano Ham 3mory 3actocyBaTu reorpadivyHo 3BaXeHUn
anropuTmM perpecii 3 kKinbkoMa nNpeauKTopamu, siki onocepekoBaHo BigobpaxatTb eko-
NoriyHi NnapameTpu B AaHUX.

BucHoBku. OTpuMaHi pesynsratv JOBOASATb, WO BUKOPUCTAHHA NPEaUKTOPIB Aae
3MOry oTpuMaTu Ginbll MO3aivyHy MoAenb PO3MoAiny 3Ha4yeHb iHAMKATOPIB MOPIBHAHO
3 iHTepnonsuielo MeToA0M KPUFiHIY, 3a SIKOK0 MOXHa NPOrHo3yBaTu 3HAYEHHS iHaUKaTo-
piB GiOPI3HOMaHITTS AOLOBUX YEPB’SKIB Y Mexax AO0CNiAXyBaHOI TepUTopii.

Knroyoesi cnoea: Lumbricidae, 6iopisHoMaHiTTS, 6ioLeHO03, BNAnB aBTOTPaHCIOPTY
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