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INTRODUCTION

Public green spaces constitute a key component of urban
ecosystems and provide important ecosystem services [1;
2]. Urban parkland provides the following ecosystem
services: environmental regulation, resource supply,
increased biological diversity, and aesthetic improve-
ment [3-5]. The transformation of forest cover and the
replacement of natural vegetation with buildings, roads,
exotic vegetation, and other urban infrastructure is one
of the greatest threats to global biodiversity [6; 7]. Biota
in parks supports biodiversity, accumulates carbon, and
improves microclimatic conditions [8; 9]. A vegetation
cover and soil organisms in parklands provide the carbon
sequestration, accumulating it as biomass [10].As more
and more land is allocated for urban development, iden-
tification of effective wildlife management tools in urban
forests is becoming crucial for ensuring normal habitats
for animal populations [11].

The forest parklands are subject to a complex
impact, the sources of which are both anthropogenic
pressure inherent in the urban environment in general,
which is manifested in elevated air temperature, high
concentrations of carbon dioxide, nitrogen compounds,
and ozone in the atmosphere [12],as well as recreational
load associated with visiting parks by the population for
recreation [13]. Urban forests and parks, in addition to
their recreational and aesthetic functions, provide carbon
binding and oxygen production [14]. Another essential and
rather elusive function of urban green spacesisto ensure
biotic diversity. This is because considerable recreational
pressure combined with the adverse impact of various
anthropogenic factors negatively affects the possibility
of forming habitats necessary to maintain biodiversity
at a high level [15].In this aspect, soil invertebrates are
of particular importance. Since the protective ability of
the soil allows preserving the conditions for the existence
of groups of soil fauna, the latter consequently has a high
level of abundance and diversity [16]. Notably, soil fauna
isavital component that performs manyfunctions inher-
ent in woodlands in an urban environment. In particular,
soil animals are essential participants in the process of
humification. It is the humification that is the basis of the
mechanism of carbon binding to the state of persistent
organic compounds that form a pool of organic matter
in the soil [17]. In turn, the processes of mineralisation,
which are activated by soil animals, create conditions for
providing plants with nutrients, which is a factor of soil
fertility [18].As a result, soil animals regulate the intensity
of primary production, which determines the performance
of ecosystem services by public green spaces. Soil animals
are a factor of pedogenesis, and therefore they affect the
intensity of decomposition of toxic substances, deposition,
and immobilisation of heavy metals and radionuclides
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within the urban environment [19]. In addition, the involve-
ment of animals in the pedogenesis determines the hy-
drological properties of the soil, which affects the water
regime of soils and the intensity of erosion [20; 21].

The diversity of soil macrofauna functions can be
represented and quantified using an ecomorphic approach.
Many scientists consider ecomorphes as basic components
of the structural organisation of ecosystems [22-26].The
affiliation of an animal species with a particular ecomorph
indicates a certain aspect of its adaptation to environ-
mental conditions. O.L. Belgard identified trophotope,
climatope, and hygrotope as the main limiting factors.
Therefore, ecomorphes are divided into climamorphes
(limiting factor - climatic conditions); heliomorphes
(limiting factor - illumination), trophomorphes (most
dependent on soil feeding modes); hygromorphes (least
sensitive to the water regime of the ecosystem). Based
on adaptations to the predominant phytocenosis, silvants
(forest species), stepants (steppe species), pratants (mead-
ow species), paludants (marsh species), and ruderants
(weed species) are distinguished [27]. At the grouping
level, a set of representatives of various ecomorphes forms
an ecomorphic grouping structure, which indicates the
adaptation of the grouping in general to the manifes-
tation of a certain ecological regime (humidity or trophic
conditions), or the intensity or location of a particular
ecological process [28]. The ecomorphic approach has
demonstrated its informational value both for diagnos-
tics of natural soils [29] and technosol [30; 31]. This
approach is effective for assessing the state of soil mac-
rofauna groupings in conservation areas [32]. Therefore,
an important scientific problem is the study of the pos-
sibility of applying an ecomorphic approach to assess
the impact of recreation on soil biota.

The purpose of this study is to reveal a pattern of
structuring communities of soil macrofauna under the
recreational impact based on an ecomorphic approach.

MATERIALS AND METHODS

Model testing sites of public green spaces in the city of
Melitopol

This study assesses the level of recreational transfor-
mation of the soil macrofauna of public green spaces
in the city of Melitopol on the territory of Novoolek-
sandrivskyi Park. A testing site was laid, within which
samples were taken (Fig. 1). The level of recreational
load was estimated using the average distance from
recreational paths that are located within the testing
site. Within the testing site, the average distance to the
tracks is 3.1 m (standard deviation is 2.42 m). The testing
site is classified as a high level of recreational load.
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Figure 1. Placement of sampling points in experimental testing sites. A - testing site 1, B - testing site 2

The testing site was a collection of 105 test points
that were gathered along 7 sections placed in parallel,
with 15 test points in each section. The distance between
the nearest sections was 3 metres, and the distance be-
tween the nearest sampling points in the section was
3 metres. Thus, the sampling points are a regular grid
with a lag of 3 meters measuring 7x15 sampling points
(24x45 meters) [28]. When selecting points, the location
of a point within the limits was recorded and assigned
local coordinates. To collect soil macrofauna and assess
soil properties at each point of the testing site, soil
and zoological tests were carried out (the results are
presented in L-tables) and the following soil indicators
were measured: temperature, electrical conductivity, hu-
midity and soil penetration resistance, litter depth and
grass stand height were made (R-table).

Sampling methods

Soil and zoological samples had a size of 0.25x0.25 m
to the depth of the greatest occurrence of soil animals.
Admittedly, this depth was 0.20-0.25 m. Reduction of
the size of the soil and zoological sample was made
according to the recommendations of D. Pokarzhevskyi
and co-authors [33; 34]. The transition from the con-
ventional sample size in soil zoology from 0.50x0.50 m
t0 0.25%0.25 m allows considerably increasing the num-
ber of samples at the same working time expenditures.
The soil macrofauna is selected by manual disassembly
of the soil. The animals found were recorded in a 4%
formalin solution and then identified in the laboratory.
In the field, soil penetration resistance was measured
at a depth of up to 1 m with an interval of 0.05 m using
an Eijkelkamp hand-held penetrometer [31].To measure
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the electrical conductivity of the soil in situ, a HI 76305
sensor (Hanna Instruments, Woodsocket, R. I.) was used.
This sensor works together with the HI 993310 portable
device.

Statistical analysis

Group ordination was performed using two approaches:
OMI analysis [36; 37] and RLQ analysis [38]. The idea of
OMI ordination is to apply the concept of an ecological
niche to explain the patterns of grouping organisation.
In turn, the RLQ ordination allows testing the hypothesis
that the ecological properties of species (in a broad un-
derstanding - the so-called traits) are capable of explaining
the patterns that are formed in the grouping structure. The
ecomorphes of plants were characterised by O.L. Belgarde [22]
and VV. Tarasov [39], the O-table demonstrates the eco-
morphes of soil animals [40]. Statistical procedures for
RLQ and OMI analyses were performed using the ade4
package [41] for the R Shell [42]. The significance of RLQ
is evaluated using the randtest.rlq procedure.

RESULTS AND DISCUSSION
Ecomorphic structure of soil macrofauna

Thirty-four species of soil animals were identified at
the study site (Table 1). The population density of soil
macrofauna is 376.53 ind./m2. The most numerous and
diverse group of saprophages of the testing site under
study are earthworms, which are represented by 3 spe-
cies. The share of the earthworm population from the
total number of soil macrofauna is 66.78%. The largest
number among earthworms has a medium-tiered soil
species Aporrectodea trapezoides, the population density
of which is 209.91 ind./m2.
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Table 1. Species structure, ecological Indicators, and abundance of soil macrofauna

-§ = —
Species é _§- g g g § g ‘g g gé
§ & & £ ¢ & 2 8
lg ] (=
Aporrectodea trapezoides Pr SF End Ms OlgTr B4 APhil HCarPhil  Imago 208.91£15.93
Aporrectodea rosea St SF End Ms MsTr B4 SAPhil CarPhil  Imago 31.39+2.75
Dendrobaena nassonovi St SF Anec Ks UMgTr B4 SAPhil CarPhil  Imago 11.89+1.65
Lumbricidae sp. Sil SF End Ms UMgTr B4 APhil CarPhil  Cocoon  20.57%2.52
Enchytraeus sp. 1 Pr SF End Hg MgTr Al SAPhil CarPhil  Imago 9.60+1.14
Pardosa lugubris Sil ZF Ep Ms MsTr A2 SAPhil  ACarPhil  Imago 0.15%0.15
Geophilus proximus Pr ZF End Ms MgTr A2 SAPhil HCarPhil  Imago 0.76%0.33
Lithobius curtipes Sil ZF Ep Hg OlgTr Al SAPhil  ACarPhil  Imago 0.15%0.15
Megaphyllum rossicum Sil SF Ep Ms MsTr A2 APhil ACarPhil  Imago 29.71+2.86
Malthodes marginatus Sil ZF Ep Hg MsTr A2 SAPhil ACarPhil  Larvae 0.15%0.15
Brachinus crepitans Sil ZF Ep Ms MgTr Al APhil HCarPhil  Imago 0.46%0.33
Calathus fuscipes St ZF Ep Ms UMgTr A2 APhil HCarPhil  Imago 0.15%0.15
Harpalus affinis Pr ZF Ep Ms UMgTr A2 APhil HCarPhil  Imago 4.88%1.33
Harpalus affinis Pr ZF Ep Ms UMgTr A2 APhil HCarPhil  Larvae 1.68+0.53
Harpalus distinguendus St ZF Ep Ms UMgTr A3 APhil HCarPhil  Imago 0.30+0.30
Ophonus azureus Pr ZF Ep Ms MgTr A2 APhil CarPhil  Imago 0.15%0.15
Poecilus versicolor Pr ZF Ep Ms MgTr Al SAPhil CarPhil  Imago 0.15%0.15
Cetonia aurata Sil SF End Ms UMgTr B7 SAPhil CarPhil  Larvae 0.15%0.16
Otiorhynchus raucus Sil FF End Ks MgTr B7 HAPhob  CarPhil  Larvae 1.98+0.64
Silpha carinata Pal SF Ep Hg MgTr A3 HAPhob  ACarPhil  Imago 0.30%0.22
Silpha carinata Pal SF Ep Hg MgTr A3 HAPhob  ACarPhil Larvae 0.30+0.21
Philonthus decorus Sil ZF Ep Ms OlgTr Al APhil ACarPhil  Imago 0.30%0.22
Staphylinus erythropterus Sil ZF Ep Hg MsTr Al SAPhil  ACarPhil  Imago 0.15%0.15
Rhizotrogus aestivus St FF End Ms UMgTr B7 SAPhil CarPhil  Larvae 1.83+0.59
Chloromyia formosa Sil SF Ep Hg MgTr A2 SAPhob  HCarPhil Larvae 0.15%0.15
Tabanus bromius Pr ZF End Ms MsTr B5 SAPhil CarPhil  Larvae 0.30+0.21
Agrotis segetum Sil FF End Ks MsTr B4 SAPhil CarPhil  Larvae 1.52+0.63
Armadillidium vulgare Sil SF Ep Ms MgTr A3 APhil CarPhil  Imago 0.15%0.15
Trachelipus rathkii Pal SF Ep Hg MgTr A3 HAPhob CarPhil  Imago 0.15%0.15
Chondrula tridens St FF Ep Ks MgTr A3 APhil CarPhil  Imago 5.33%1.20
Helix albescens St FF Ep Ks MgTr A3 APhil HCarPhil  Imago 15.24%2.12
Monacha cartusiana Sil FF Ep Ks MgTr A2 APhil CarPhil  Imago 0.15%0.15
Limacus maculatus Sil FF End Ms MgTr B4 SAPhob  ACarPhil  Imago 0.15%0.16

Notes: Coenomorphes: St - stepants, Pr - pratants, Pal - paludants, Sil - silvants; Trophomorphes: SF - saprophages,
FF - phytophages, ZF - zoophages; Topomorphes: End - endogeic, Ep - epigeic, Anec - burrowers; Hygromorphes:
Ks - xerophiles, Ms — mesophiles, Hg - hygrophiles, Uhg - ultrahigrophiles; Trophocoenomorphes: OlgTr - oligotoro-
phocoenomorphes, MsTr - mesotrophocoenomorphes, MgTr - megatrophocoenomorphes, UMgTr - ulramegatrophoc-
oenomorphes; Phoromorphes: A — movement through existing soil fracturing; B - active tunnelling; 1 - body sizes
smaller than soil fracturing, 2 - body sizes comparable to fracturing, 3 - body sizes larger than cavities in the subsoil
or comparable to large crevices or cracks in the soil, 4 - moving with a change in body thickness, 5 — moving without
a change in body thickness, 6 - digging holes with limbs, 7 - C-shaped body; Aeromorphes: APhil - aerophiles,
SAPhil - subaerophiles, HAPhob — hemiaerophobes, SAPhob - subaerophobes, APhob - aerophobes; Carbonatomorphes:
CarPhob - carbonatophobes, ACarPhil - acarbonatophiles, HCarPhil - hemicarbonatophiles, CarPhil - carbonatophiles,
HpCarPhil - hypercarbonatophiles
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The other two representatives of earthworms are
Aporrectodea rosea and Dendrobaena nassonovi. The dis-
tribution density of earthworm cocoons is 20.57 ind./m?.
The structure of earthworm hygromorphes is dominated
by xerophiles and mesophiles. Among the representa-
tives of earthworms, there are pratants and stepants.
Consequently, the structure of the earthworm grouping in
the study area is numerous and diverse both in terms of
taxonomy and ecology. The trophic group of saprophages
also includes endogeic enchitreids (9.60 ind./m?), epi-
geal millipedes Megaphyllum rossicum (29.71 ind./m?),
larvae and imagos Silpha carinata (0.30 ind./m?), larvae
Chloromyia formosa (0.15 ind./m?) and woodlice Trache-
lipus rathkii (0.15 ind./m?) and Armadillidium vulgare
(0.15 ind./m?).

Representatives of predatory lip legged millipedes
are in themselves the soil centipede Geophilus prox-
imus (0.76 ind./m? for its movement, it uses a system
of soil burrows and cracks and an epigeal stone centi-
pede Lithobius curtipes (0.15 ind./m?). Representatives

Coenomorphes Trophocoenomorphes

45.5%

Hygromorphes Aeromorphes

APhil
42.4%

SAPhil
39.4%

SAPhob
6.1%

of predators are imagos of ground beetles (Brachinus
crepitans, Calathus fuscipes, Harpalus distinguendus, Harpa-
lus affinis, Ophonus azureus, Poecilus versicolor), an adult
of short-winged beetles (Staphylinus erythropterus and
Philonthus decorus), larvae Harpalus affinis, Malthodes
marginatus, Tabanus bromius and spiders. The group of
phytophages is diverse and is represented by larvae turnip
moth (Agrotis segetum), lamellar beetles (Rhizotrogus
aestivus), broad-nosed weevil (Otiorhynchus raucus) and
shellfish (Limacus maculatus, Chondrula tridens, Helix al-
bescens, Monacha cartusiana).

The basis of the coenomorphic structure of soil
macrofauna in terms of the number of species is silvants
(45.5%) and pratants (24.2%) (Fig. 2). The number of
stepants (21.2%) and paludants (9.1%) is slightly less.
As for the species abundance, the situation is somewhat
different - the basis of the coenomorphic structure of
macrofauna comprises pratants (64.5%), slightly less
stepants (19.1%) and silvants (16.1%), and sporadic oc-
currence of paludants (0.2%).

Trophomorphes

Topomorphes

SF FF
36.4%

Anec 21.2%

9.1%
ZF

42.4%

Phoromorphes Carbonatomorphes

ACarPhil
CarPhil 273%

45.5%  HCarPhil

21.2% B4 27.3%

Figure 2. Ecological structure of soil macrofauna (% by number of species)

Notes: Coenomorphes: St - stepants, Pr — pratants, Pal - paludants, Sil - silvants; Hygromorphes: Ks - xerophiles,
Ms - mesophiles, Hg - hygrophiles, Uhg - ultrahigrophiles; Trophocoenomorphes: MsTr - mesotrophocoenomorphes;
MgTr - megatrophocoenomorphes; UMgTr - Ultramegatrophocoenomorphes; Aeromorphes: APhil - aerophiles;
SAPhil - Subaerophiles; HAPhob - hemiaerophobes; Carbonatomorphes: CarPhob - Carbonatophobes;
ACarPhil - acarbonatophiles; HemiCarPhil - hemicarbonatophiles; CarPhil - carbonatophiles, HiperCarPhil -
Hypercarbarbonatophiles; Topomorphes: End - endogeic. Ep - epigeic, Anec — burrowers; Phoromorphes: a -movement
through existing soil fracturing; B - active laying of passages; 1 - body sizes smaller than soil fracturing, 2 - body sizes
comparable to fracturing, 3 - body sizes larger than cavities in the subsoil or comparable to large crevices or cracks
in the soil, 4 - moving with a change in body thickness, 5 - moving without a change in body thickness, 6 - digging holes
with limbs, 7 - C-shaped body; Trophomorphes: SF - saprophages; F - phytophages; ZF - zoophages

The environmental conditions determine the po-
tential for settlement of a biotope, which is reflected in
the features of the ecomorphic structure of populations,
which, in turn, determines the ecological groups that
will prevail in a particular ecosystem. Consequently, this
ecosystem is developed in a predominantly meadow-
forest environment, and the conditions in the middle of
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this ecosystem are steppe-meadow. The forest coenom-
orphes, represented by a considerable variety of species,
is inferior in number compared to other coenomorphes.
Marsh species are represented by a certain number, but
in terms of abundance, these coenomorphes practically
disappear from the grouping. Among hygromorphes,
mesophiles predominate in terms of the number of




species (57.6%), slightly less so - hygrophiles (24.2%)
and xerophiles (18.2%).As for the species abundance, the
hygromorphic structure is considerably dominated by
mesophiles (86.4%), slightly less by xerophiles (10.4%)
and hygrophiles (3.22%). Thus, the general conditions
in which the population of the studied biotope is de-
veloped are mesophilic. The specific features of par-
ticular conditions lie in a shift towards greater meso-
phytisation due to a decrease in the proportion of both
xerophilic and hygrophilic species. Thus, this grouping
is stenotopically mesophilic. The structure of Trophoco-
enomorphes is dominated by megatrophocoenomorphes
(45.5%) and ultramegatrophocoenomorphes (24.2%)

Trophocoenomorphes

Coenomorphes

Pal
0.2%

Aeromorphes
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in terms of the number of species. The proportion of
megatrophocoenomorphes (21.2%) and oligotrophoco-
enomorphes (9.1%) is slightly lower. As for the species
abundance, the positions of these ecomorphes change
places: representatives of oligotrophocoenomorphes be-
come the leader (59.6%), they are considerably superior
to mesotrophocoenomorphes (18.3%). The proportion
of other Trophocoenomorphes is much smaller. This
suggests that the ecosystem is formed in an ultramega-
megatrophic edaphotope in terms of trophic level, but
certain factors of the ecosystem cause a change in its
trophic level to an oligotrophic one.

Topomorphes Trophomorphes
FF
Anec 7.6%
3.4% 7F
2.8%

Phoromorphes
A3 6.3%

Carbonatomorphes

CarPhil

Al 3.1%
B4 AW

78.4% B50.1%

HCarPhil
66.3%
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Figure 3. Ecological structure of soil macrofauna (% by species abundance)
Notes: Coenomorphes: St - stepants, Pr — pratants, Pal - paludants, Sil - silvants; Hygromorphes: Ks - xerophiles,
Ms - mesophiles, Hg - hygrophiles, Uhg - ultrahigrophiles; Trophocoenomorphes: MsTr — mesotrophocoenomorphes;
MgTr - megatrophocoenomorphes; UMgTr - Ultramegatrophocoenomorphes; Aeromorphes: APhil - aerophiles;
SAPhil - Subaerophiles; HAPhob - hemiaerophobes; Carbonatomorphes: CarPhob - Carbonatophobes;
ACarPhil - acarbonatophiles; HemiCarPhil - hemicarbonatophiles; CarPhil - carbonatophiles, HiperCarPhil -
Hypercarbarbonatophiles; Topomorphes: End - endogeic. Ep - epigeic, Anec - burrowers; Phoromorphes: a - movement
through existing soil fracturing; B - active laying of passages; 1 - body sizes smaller than soil fracturing, 2 - body sizes
comparable to fracturing, 3 - body sizes larger than cavities in the subsoil or comparable to large crevices or cracks
in the soil, 4 - moving with a change in body thickness, 5 - moving without a change in body thickness, 6 - digging holes

with limbs, 7 - C-shaped body; Trophomorphes: SF - saprophages; F — phytophages; ZF - zoophages

The predominant number of Aeromorphes in
terms of the number of species are aerophiles (42.4%)
and subaerophiles (39.4%).As for species abundance, the
share of aerophiles is considerably increasing (82.3%).
Thus, the animal population of the soil of the ecosystem
under study is described by a high need for a sufficient
level of soil aeration.Among Topomorphes, epigeal forms
predominate (63.3%). The share of endogeic species is
almost twice as low (33.3%). Burrowers make up 3%.As
for abundance, endogeic species significantly predom-
inate (79.2%). This indicates favourable conditions for
the existence of pedobionts in the soil,and on the other

hand - considerable pressure on the subsoil block in
recreational conditions in public green spaces. In terms
of the number, Phoromorphes are represented by a wide
range of species, which are generally represented equally.
In terms of abundance, Phoromorphes are considerably
dominated by species capable of laying soil passages
with changes in body shape (78.4%).

The representation of Trophomorphes concerning
the number of species is quite equalised. Zoophages
make up 42.4% of the number of species,saprophages -
36.4%, phytophages - 21.2%. Saprophages significantly
predominate in abundance (89.6%).Zoophages account
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for 7.6% and phytophages - for 2.8%. Among Carbon-
atomorphes, carbonatophiles predominate in terms of the
number of species (45.5%).Acarbonatophiles and hemi-
carbonatophiles are presented in equal proportions (27.3%).
The abundance of species is dominated by hemicarbon-
atophiles (66.3%). Acarbonatophiles make up 9.1% and
carbonatophiles make up 24.7%.

Soil determinants of the spatial structure of ecomorphes
of soil macrofauna

The soil indicators are used as determinants of the eco-
logical space of macrofauna communities (Table 2). The
soil penetration resistance within the test site under
study increases along with depth. Thus, the upper layer
of soil has an average hardness of 1.41+0.049 MPa, and
the lower layer has an average hardness of 3.75+0.059 MPa.

Table 2. Soil indicators that determine the ecological space of macrofauna and their correlations with axes obtained
during OMI and RLQ analyses (statistically significant for p<0.05)

Environment  Average * st. Percentlle CV,%  OMI-Axis1 OMI-Axis2 RLO-Axis1 RLO-Axis 2
variable deviation 2.5% 97.5%
Soil penetration resistance at depth, MPa

0-5 cm 1.4120.049 0.60 2.50 35.87 -0.15 -0.11 -0.12 0.14

5-10 cm 1.86+0.052 0.90 2.90 28.52 -0.23 -0.11 -0.26 0.05
10-15 cm 2.23%0.064 1.00 3.50 29.51 -0.24 -0.05 -0.16 -0.01
15-20 cm 2.55%0.079 1.20 430 31.69 021 -0.04 -0.09 -0.06
20-25 cm 2.56£0.052 1.70 3.67 20.90 021 -0.03 -0.27 0.04
25-30 cm 2.59£0.060 1.65 430 23.70 -0.27 0.01 -0.27 -0.18
30-35 cm 2.70%0.059 1.60 4.00 22.36 -0.26 -0.02 -0.32 -0.16
35-40 cm 2.80£0.059 1.70 4.00 21.57 -0.27 0.00 -0.35 -0.05
40-45 cm 2.9120.058 1.90 410 20.48 -0.26 -0.02 -0.23 -0.14
45-50 cm 3.050.061 2.00 440 20.55 -0.26 -0.01 -0.25 0.13
50-55 cm 3.280.067 225 453 21.01 -0.28 0.01 -0.21 0.12
55-60 cm 3,390,069 2.20 450 2071 -0.29 -0.01 -0.18 0.21
60-65 cm 3.500.065 2.30 4.80 19.05 -0.27 0.00 -0.19 0.05
65-70 cm 3.54£0.067 2.30 5.00 19.40 -0.27 0.02 -0.21 0.07
70-75 cm 3,540,067 2.30 4.80 19.33 -0.22 0.02 -0.11 -0.02
75-80 cm 3.620.065 2.30 5.00 18.45 -0.26 0.04 -0.13 -0.12
80-85 cm 3.70£0.072 2.00 5.15 19.96 -0.26 0.03 -0.15 -0.13
85-90 cm 3.69+0.082 2.30 5.30 22.85 -0.26 0.04 -0.11 -0.13
90-95 cm 3.75£0.058 2.60 5.00 15.95 -0.24 0.01 -0.23 -0.30
95-100 cm 3.75£0.059 2.60 5.00 16.12 -0.24 0.01 -0.23 -0.30

Physical properties of the soil
on dilcet?/:It;aLS 01120004 0.04 0.19 38.10 0.02 -0.13 0.14 0.41
Humidity, % 22.8£0.33 16.00 29.01 14.67 0.08 -0.09 0.15 0.48
Distances to walking paths and trees

recrg;tj:ifatcis, 30820236 0.00 9.07 78.58 0.01 0.12 0.13 -0.14
Distance to trees,m  3.16+0.190 0.68 8.19 61.66 0.16 -0.16 -0.10 0.41

The upper layer of soil is described by a rapid
increase in the soil penetration resistance, which stops
at a depth of 20-25 cm. Within the test site under study,
the average soil penetration resistance values starting
from soil layers of 10-15 cm are, with varying proba-
bility, higher than those critical for the growth of plant
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root systems (3-3.5 MPa) [43]. This confirms the fact
that spatial variability in soil penetration resistance has a
considerable structuring effect on the formation of grass
cover and the organisation of soil animal populations.
The coefficient of variation in soil penetration resistance
tends to decrease with increasing depth, but local highs




interrupt this monotonous trend. The coefficient of hard-
ness variation has a local maximum in the soil layers
of 20-25 cm and 90-95 cm and is 31.69% and 22.84%,
respectively. The minimum variability of soil penetration
resistance, which is 15.95-16.12%, falls at a depth of
90-100 cm.

The average electrical conductivity of the soil is
0.11+0.004 dS/m and has a variation coefficient of 38.10%.
The maximum value of this indicator is approximately
0.19 dS/m, which does not exceed the lower threshold of
electrolyte concentrations (1.5-2.0 dS/m), which nega-
tively affect vegetation [44]. The low level of electrical con-
ductivity of the soil suggests a low trophic level of the
soil of the ecosystem under study. Electrical conductivity
is statistically significantly correlated with soil penetration
resistance at different depths.The correlation is positive
with soil penetration resistance at a depth of 0-5 cm
(r=0.25, p<0.01). The correlation is negative with hardness
at depths from 55-60 cm to 90-95 cm (statistically sig-
nificant correlation coefficients are within-0.20 --0.31).
Soil moisture is 22.8+0.33%, and in 95% of cases is with
16.00%-29.01%. Humidity and electrical conductivity are
positively correlated with each other (r=0.52, p<0.01).
In turn, the correlation between soil moisture and soil
penetration resistance is negative (statistically significant
correlation coefficients are within -0.21--0.36). The dis-
tance to recreational paths averages 3.08+0.236 and in
95% of cases varies between 0.00-9.07 m. The distance to
tree trunks, regardless of the species, averages 3.16+0.19
and in 95% of cases varies between 0.68-8.19 m.
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Spatial ordination of soil macrofauna groups

The simultaneous measurement of soil indicators and
features of the structure of groups of organisms allowed
assessing the distribution of the ecological space of the
ecosystem between the ecological niches of soil mac-
rofauna (Table 3). The analysis determined the total in-
ertia at the level of 1.47.As a result of OMI analysis, two
axes were obtained, the one of which describes 86.72%,
and the other - 7.03% of inertia. Thus, 93.75% of inertia
is described by the first two axes, which proves that the
space created by these axes is sufficient to describe the
differentiation of ecological niches of macrofaunain the
test site under study. The average value of the grouping
marginality is OM/=25.07 with the significance level
R=0.01, which reflects the essential role of the investi-
gated variables in structuring soil macrofauna groups.

Of the 33 species for which OMI analysis was
performed, for 18 species, marginality differs statisti-
cally significantly from the random alternative (Table 3).
Thus, the typical edaphic conditions of the test site do
not coincide with the centroid of the ecological niche
of a considerable part of macrofauna species. The mar-
ginality of a niche determines the degree of difference
between the optimum conditions for the existence of a
species and the factual conditions of a particular place
of existence. Niche tolerance is the opposite of special-
isation: the higher the tolerance, the lower the special-
isation. Residual tolerance is an indicator of the role of
random and neutral factors, as well as measurement
errors.

Table 3. Assessment of the marginality of soil macrofauna species

Macrofauna species Inertia OMI Tol Rtol p-level
Aporrectodea rosea 24.25 1.90 44.50 53.50 0.05
Aporrectodea trapezoides 26.26 3.30 54.00 42.70 0.01
Dendrobaena nassonovi 20.51 1.60 19.90 78.60 0.53
Lumbricidae (cocoon) 22.66 2.80 41.50 55.70 0.15
Enchytraeus sp. 28.36 4.80 52.10 43.10 0.03
Pardosa lugubris 9.20 100.00 0.00 0.00 0.94
Geophilus proximus 20.55 15.70 26.40 57.90 0.15
Lithobius curtipes 32.04 13.20 56.10 30.70 0.10
Megaphyllum rossicum 24.49 1.10 34.40 64.50 0.31
Malthodes marginatus 23.27 5.80 5.50 88.70 0.99
Brachinus sclopeta 12.37 38.10 13.00 48.80 0.91
Calathus fuscipes 25.62 12.60 22.70 64.70 0.66
Harpalus affinis 40.26 22.20 37.70 40.10 0.01
Harpalus affinis (larvae) 22.04 4.40 29.40 66.20 0.69
Harpalus distinguendus 24.05 21.50 29.50 49.00 0.31
Ophonus azureus 24.74 100.00 0.00 0.00 0.38
Poecilus versicolor 16.85 7.90 12.70 79.40 0.95
Cetonia aurata 16.43 37.00 15.50 4750 0.86
Otiorhynchus raucus 26.09 4.10 12.10 83.80 0.33
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Table 3, Continued

Macrofauna species Inertia OoMI Tol Rtol p-level
Silpha carinata 34.77 28.30 42.20 29.50 0.05
Silpha carinata (larvae) 27.50 25.20 35.50 39.30 0.05
Philonthus decorus 22.01 29.90 18.00 52.10 0.69
Staphylinus erythrocephalus 8.56 100.00 0.00 0.00 0.98
Rhizotrogus aestivus 25.28 5.60 43.70 50.70 0.63
Chloromyia formosa 35.43 14.50 53.90 31.60 0.09
Tabanus bromius 20.12 58.30 3.70 38.00 0.05
Agrotis segetum 25.80 15.70 42.10 42.20 0.01
Armadillidium vulgare 29.84 6.30 4.20 89.50 0.68
Trachelipus rathkii 40.98 48.60 25.00 26.40 0.01
Chondrula tridens 23.40 9.20 35.50 55.20 0.02
Helix albescens 27.51 10.80 4750 41.70 0.01
Monacha cartusiana 18.60 27.20 17.10 55.70 0.05
Limacus maculatus 4741 77.50 1.40 21.00 0.01
OoMI 25.07 - - - 0.01

Notes: OMI-index of the average distance (marginality) for each species; Tol - tolerance, Rtol - residual tolerance; index
data are presented in % of the total variability; R — Monte Carlo level after 999 iterations

Species such as Staphylinus erythrocephalus and
Pardosa lugubris have a high marginality. This means
that the typical ecological conditions of the test site are
considerably different from the optimum for these spe-
cies. These types are subsoil. A significant transforma-
tion of the subsoil block under the influence of recre-
ation drastically transforms the ecological environment
of these species.

The most tolerant species are as follows: Aporrec-
todea rosea, Helix albescens, Enchytraeus sp., Chloromyia
formosa, Aporrectodea trapezoides, Lithobius curtipes. In fact,
this list indicates a complex of species that is typical of
a given ecosystem and occupies the corresponding ter-
ritory in general as one that best meets the ecological
standard of the species. On the contrary, highly specialised
species, the existence of which is possible only in limited
areas within the territory, are Malthodes marginatus and
Poecilus versicolor.

The residual tolerance is high for a number of
species (for Armadillidium vulgare — 89.5%, for Malthodes
marginatus — 88.7%, for Otiorhynchus raucus — 83.8%),
which indicates that the structuring of the grouping of
soil macrofauna factors is greatly influenced by factors
of a neutral nature, including those that are not consid-
ered in this study. Correlation analysis of soil proper-
ties and OMI axes demonstrated that the main factors
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for structuring the ecological niche of soil macrofauna
within the study area are soil penetration resistance in
the range of the entire measured layer, soil moisture,
and distance to trees (Axis 1) (Table 2). Soil penetra-
tion resistance in the surface layers (0-5 and 5-10 cm),
electrical conductivity, humidity, and distance from
recreational paths (Axis 2) also play an essential role.
Axis 1 can be interpreted as a natural variation in the
environment properties, which leads to structuring of
the grouping. Axis 2 can be interpreted as variability
in the grouping structure, which is caused by the in-
fluence of recreation. OMI axes define gradients of the
medium along which the views are ordered (Fig. 4). On
one side, the extreme positions along the OMI-Axis 1
are occupied by Monacha cartusiana, Pardosa lugubris,
Tabanus bromius, Limacus maculatus, and on the other -
by Trachelipus rathkii, Ophonus azureus, Silpha carinata,
Harpalus affinis. Along the OMI-Axis 2, the extreme po-
sitions are occupied by Rhizotrogus aestivus, Malthodes
marginatus, Pardosa lugubris, Ophonus azureus, on one
side,and Harpalus affinis, Tabanus bromius, Armadillidium
vulgare, Chondrula tridens — on the other. Notably, the
vast majority of species are subsoil, but at this stage
of analysis it is extremely difficult to put forward a hy-
pothesis that would explain the observed ordination of
species in the grouping.




Zymaroieva et al.

Limamacu —@— Ophodzu®
Tababrom—@— Pardlug @
Pardlug@® Maltmarg @
Monacarf——@— Rhizaest ——@—
Agrosege @ Megaross @
Calafusc — & Harpdi
Stapery@® Helialbe
Chontrid —— Lmbred ¢
Poecvers — T @—— Silpcari. 1
Otiorauc @ Enchsp
Armavulg Poecvers
Dendnass 4% Aportose
Maltmarg Cetoaura
Megarass @ Braccrep
Aporrose @ Silpcari
Harpafti] ———@—— Aportrap
Lmbred c————@+—— Harpaffi.1
@ Aportrap Dendndss @
® Rhizaest 4 Lithcurt
@ Enchsp @ Geopprox
—@&—— (Cetoaura @ Calafusc
—&®—— Phildeco @ Phildeco
—_— Harpdist @ Chloform
—&—— Geopprox @Staperyt
@ Helialbe @ Monacart
——@— Braccrep @ Otioranc
@ Lithcurt Tracrath
@ Chloform Agrosege
@ Silpcari. 1 Limamacu
@ Harpaffi Chontrid
L Silpcari Armavulg
@Ophoazur Tababrom
—®—— Tracrath ® Harpaffi
. 5| [T T AT TN || T T T 7] . 1|||| 1 Wﬂ[ﬂmﬂﬂfﬂm I
OMI 1 OMI 2

Figure 4. Projections of ecological niches of soil macrofauna species on the OMI 1 and OMI 2 axes: the lower

half - negative values of the axes, the upper half — positive values of the axes
Notes: Aporrose - Aporrectodea rosea; Aportrap - Aporrectodea trapezoides; Dendnass - Dendrobaena nassonovi;
Lmbrcd ¢ - Lumbricidae (cocoon); Enchsp — Enchytraeus sp.; Pardlugu — Pardosa lugubris; Geopprox - Geophilus
proximus; Lithcurt - Lithobius curtipes; Megaross - Megaphyllum rossicum; Maltmarg - Malthodes marginatus; Bracsclo -
Brachinus sclopeta; Calafusc - Calathus fuscipes; Harpaffi — Harpalus affinis; Harpaffi.l - Harpalus affinis (larvae);
Harpdist - Harpalus distinguendus; Ophoazur — Ophonus azureus; Poecvers — Poecilus versicolor; Cetoaura - Cetonia aurata;
Otiorauc - Otiorhynchus raucus; Silpcari - Silpha carinata; Silpcari.1 - Silpha carinata (larvae); Phildeco - Philonthus
decorus; Staperyt — Staphylinus erythrocephalus; Rhizaest — Rhizotrogus aestivus; Chloform - Chloromyia formosa;
Tababrom - Tabanus bromius; Agrosege - Agrotis segetum; Armavulg — Armadillidium vulgare; Tracrath - Trachelipus
rathkii; Chontrid - Chondrula tridens; Helialbe - Helix albescens; Monacart — Monacha cartusiana; Limamacu - Limacus
maculatus
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RLQ analysis found that 92.91% of the total vari-
ation (total inertia) describes the first two RLQ axes (84.44
and 8.47%, respectively). The randtest procedure confirmed
the significance of the results of the RLQ analysis on
p-level 0.018. The presence of a statistically significant
correlation between ecomorphes of macrofauna and
environmental predictors was confirmed by a multiple
test of global significance of correlations based on site
permutation (p=0.003) and based on the permutation of
species (p=0.024). RLQ axes constitute integral indicators
for assessing the correlation between environmental
factors and the ecomorphic community structure. One
metric space reflects the location of macrofauna species,
the influence of environmental factors on them, and the

value of ecomorphic indicators affecting the structuring
of soil macrofauna grouping (Fig. 5). As a result of RLQ
analysis, Axis 1 was identified, which explains the effect
of soil penetration resistance on the structuring of mac-
rofauna grouping at all measured depths (Table 2,Fig.5).
Axis 1 correlates negatively with soil penetration resistance,
but positively with electrical conductivity and soil mois-
ture. Axis 1 correlates positively with the distance from
paths and negatively with the distance to trees. Markers
of positive values of Axis 1 are xerophiles, phytophages,
and carbonatophiles. Markers of negative values of Axis 1
are pratants or paludants, hypercarbonatophiles, and
saprophages. This axis can be interpreted as the result
of the structural influence of tree vegetation.
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Figure 5. Results of RLQ analysis: | - multiple test of global significance of correlations between ecomorphes of soil
macrofauna and ecological predictors based on site permutation, Il - multiple test of global significance of correlations
between ecomorphes of macrofauna and ecological predictors based on species permutation, Il - cluster analysis
of species based on values of RLQ axes, IV - placement of ecomorphes in the environment of RLQ axes
(blue - statistically probable correlation with Axis 1; yellow - with Axis 2; green - with both axes), V - placement
of environmental predictors in the environment of RLQ axes (blue - statistically probably correlation with Axis 1;
yellow - with Axis 2; green - with both axes)

Axis 2 is sensitive to trends of opposite changesin
soil penetration resistance at different depths. This refers
to a tendency to increase hardness at depths of 0-5 and
55-60 cm on the one hand, which is accompanied by
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a decrease in hardness at depths of 25-35 and 90-100 cm,
on the other hand. This axis considerably correlates with
electrical conductivity and humidity,as well as distances
to trees and paths.Axis 2 can be interpreted as a structuring




effect of recreational load on soil macrofauna. Positive
values of Axis 2, which correspond to a lower level of rec-
reational load, are marked with saprophages and acar-
bonatophiles. Negative values of Axis 2, which correspond
to a high level of recreational load, are marked with zoo-
phages, hemiaerophobes, and megatrophes.

The RLQ analysis allowed classifying living or-
ganisms according to the specific features of their eco-
logical structure and relationships with environmental
factors. Cluster analysis identified four populations of
species that form functional groups A,B,C,and D (Fig.6).
Functional group A has a centroid, which is close to the
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territories characterised by the lowest level of recreational
load. This cluster includes all earthworm species, earth-
worm cocoons, and larvae Cetonia aurata, which prefer
rotting wood. The opposite position within the axes is
factually vacant and corresponds to the conditions of the
greatest recreational load. This indicates factual absence of
soil macrofauna species that could exist amid intense rec-
reational exposure. Cluster B combines species that are
moderately tolerant to recreational load. Cluster Cis a
group of hygrophilous species that prefer shaded parkland
areas. Cluster D is a group of species that prefer more
open areas where moisture deficiency is more common.

d=2
Aportrap
Cetoaura
Pardlugu
Agrosege
Rhizaest
Limamacu
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Figure 6. Placement of functional groups (clusters) within RLQ axes: Aporrose - Aporrectodea rosea;
Aportrap — Aporrectodea trapezoides; Dendnass — Dendrobaena nassonovi; Lmbrcd ¢ - Lumbricidae (cocoon);
Enchsp - Enchytraeus sp.; Pardlugu — Pardosa lugubris; Geopprox — Geophilus proximus; Lithcurt — Lithobius

curtipes; Megaross — Megaphyllum rossicum; Maltmarg — Malthodes marginatus; Bracsclo - Brachinus sclopeta;
Calafusc - Calathus fuscipes; Harpaffi - Harpalus affinis; Harpaffi.1 - Harpalus affinis (larvae); Harpdist - Harpalus
distinguendus; Ophoazur — Ophonus azureus,; Poecvers — Poecilus versicolor; Cetoaura — Cetonia aurata;
Otiorauc - Otiorhynchus raucus; Silpcari - Silpha carinata; Silpcari.1 - Silpha carinata (larvae); Phildeco - Philonthus
decorus; Staperyt — Staphylinus erythrocephalus; Rhizaest — Rhizotrogus aestivus; Chloform - Chloromyia formosa;
Tababrom - Tabanus bromius; Agrosege — Agrotis segetum; Armavulg — Armadillidium vulgare; Tracrath - Trachelipus
rathkii; Chontrid — Chondrula tridens; Helialbe - Helix albescens; Monacart - Monacha cartusiana;
Limamacu - Limacus maculatus
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The RLQ Axis 1 statistically significantly correlates
with both OMI Axis 1 and RLQ Axis 2 (r=0.99, p<0.001 and
r=0.32, p=0.02). The RLQ Axis 2 also statistically signifi-
cantly correlates with the OMI Axis 1 (=0.42, p<0.001)
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and OMI Axis 2 (r=0.87, p<0.001). Accordingly, the spatial
patterns of the RLQ and OMI axes are very similar to each
other (Fig. 7).
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Figure 7. Spatial variation of the OMI and RLQ axes. The abscissa and ordinate axes are local coordinates
of the testing site under study

Thus, ecomorphes reflect the adaptations of the
animal population not to the ecological parameters
of the environment, but to the typological indicators
of the ecosystem in general. Soil is a special bioinert
body, which, according to many researchers, constitutes
an intermediate element between living and inanimate
nature. Therefore, a topical scientific issue is the iden-
tification of the forms and degree of similarity of the
characteristics of soil and living matter [45]. Genetic soil
science allows considering the dynamics, structure, and
functions of the soil [46; 47]. However, the manifesta-
tion of obvious changes in the composition of the soil
or its functioning takes long periods of time — tens, and
sometimes hundreds of years. Clearly, the soil is a full-
fledged component of the ecosystem, which interacts
with all its other components throughout the entire
period of its existence. Plants and animals are active
participants in the soil-forming process, since they are
involved in the formation of humus by producing detri-
tus [48; 49]. Thus, the metamorphism of the soil materi-
alis carried out. Being a bioinert system, the soil adapts
to changes in environmental conditions in the system
of soil-forming factors, which manifests itself in tem-
poral and spatial heterogenisation, uneven structure
in both horizontal and vertical profiles [50]. Since these
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transformations are ecological in nature, prerequisites
are developing for applying an ecomorphic approach to
investigating the features of soil structuring.

The obtained data indicate that the grouping
of soil macrofauna of public green spaces has the fea-
tures of amphicoenosis, where the steppe and meadow
components are considerably represented against the
background of the predominance of the forest compo-
nent. Tree stands in urban parks form a common forest
environment, although they do not form a stable forest
monocoenosis. Recreation and other forms of anthro-
pogenic impact do not allow a forest monocenosis or
pseudomonocenosis to develop. The trophic aspect can
allow deciphering the meaning in the grouping of co-
enotic components. The trophic structure of silvants
repeats the trophic structure of the general grouping.
The advantage of silvants in general grouping allows
considering them as the functional basis of the com-
plex of soil fauna of public green spaces. Phytophages
predominate among steppes, which fully corresponds
to the typical trophic structure of steppe zonal groups.
This feature, considering the proportional representa-
tion of zoophages and saprophages, allows enables the
assessment of functional stability of the structure of the
group of stepants.




CONCLUSIONS

1. The ecological space of ecosystems in recreational
conditions is structured between ecological niches of soil
macrofauna. Marginality, tolerance, and residual toler-
ance quantify the position of ecological niches in the
ecological space. Variability of soil properties caused by
natural factors or recreation is a driver of structuring the
ecological space of soil macrofauna. Soil animals are most
sensitive to changes in soil penetration resistance, hu-
midity, and electrical conductivity.

2.There is a correlation between environmental
factors in public green spaces, the grouping structure of
soil macrofauna, and its ecomorphic organisation. The
ecomorphic aspect of the soil macrofauna grouping
structure is more sensitive to recreational load than the

Zymaroieva et al.

distribution of ecological niches between species in the
ecological space, which suggests that rearrangements
of the ecomorphic grouping structure are a condition
for the stability of its organisation.

3.The natural variability of soil conditions within
the ecosystem manifests itself in changes in the ratio
of xerophiles, phytophages, carbonatophiles on the one
hand and pratants, paludants and hypercarbonatophiles
on the other hand. Zoophages, hemiaerophobes, and
megatrophs are tolerant to a high level of recreational
load. The area corresponding to the highest level of rec-
reational load is vacant. This indicates that the most
transformed areas are randomly populated by represen-
tatives of different ecological groups.

REFERENCES

[1] Teluk,P.,Yorkina,N.V.,Umerova,A., Budakova,V.S.,Nydion, N.M., & Zhukov, O.V. (2020). Estimation of the level of
recreational transformation of public green spaces by indicators of soil penetration resistance. Agrology, 3(3),
171-180. doi: 10.32819/020020.

[2] Bullock,S.D., & Lawson,S.R.(2007).Examining the potential effects of management actions on visitor experiences
on the summit of Cadillac Mountain. Acadia National Park. Human Ecology Review, 14(2), 140-156.

[3] Song, X.P, Lai, H.R., Wijedasa, L.S., Tan, PY., Edwards, PJ., & Richards, D.R. (2020). Height-diameter allometry
for the management of city trees in the tropics. Environmental Research Letters, 15(11), article number 114017.
doi: 10.1088/1748-9326/abbbad.

[4] Willis,KJ., & Petrokofsky, G.(2017). The natural capital of city trees. Science, 356(6336), 374-376.doi: 10.1126/
science.aam9724.

[5] Zymaroieva, A., Zhukoy, O., Fedoniuk, T., Pinkina, T., & Hurelia, V. (2021). The relationship between landscape
diversity and crops productivity: Landscape scale study.Journal of Landscape Ecology, 14(1),39-58.doi: 10.2478/
jlecol-2021-0003.

[6] Pereira,H.M.,Navarro, L.M., & Martins, I.S. (2012). Global biodiversity change: The bad, the good, and the unknown.
Annual Review of Environment and Resources, 37(1), 25-50. doi: 10.1146/annurev-environ-042911-093511.

[71 Zymaroieva, A., Zhukov, O., & Romanchuck, L. (2020). The spatial patterns of long-term temporal trends in
yields of soybean (Glycine max (L.) Merril) in the Central European Mixed Forests (Polissya) and East European
Forest Steppe ecoregions within Ukraine. Journal of Central European Agriculture, 21(2), 320-332. doi: 10.5513/
JCEA01/21.2.2402.

[8] Heo,HK., Lee, D.K., Park,J.H., & Thorne, J.H. (2019). Estimating the heights and diameters at breast height of
trees in an urban park and along a street using mobile LiDAR. Landscape and Ecological Engineering, 15(3), 253-263.
doi: 10.1007/511355-019-00379-6

[9] Zimaroeva, A.A., Zhukov, OV., & Ponomarenko, O.L. (2016). Determining spatial parameters of the ecological
niche of Parus major (Passeriformes, Paridae) on the base of remote sensing data. Vestnik Zoologii, 50(3), 251-258.
doi: 10.1515/vz00-2016-0029.

[10] Nowak, DJ., & Crane, D.E. (2002). Carbon storage and sequestration by urban trees in the USA. Environmental
Pollution, 116(3), 381-389. doi: 10.1016/5S0269-7491(01)00214-7.

[11] Lerman, S.B., Nislow, K.H., Nowak, DJ., DeStefano, S., King, D.I., & Jones-Farrand, D.T. (2014). Using urban forest
assessment tools to model bird habitat potential. Landscape and Urban Planning, 122, 29-40. doi: 10.1016/j.
landurbplan.2013.10.006.

[12] Carreiro, M. M., & Tripler, C. E. (2005). Forest remnants along urban-rural gradients: Examining their potential
for global change research. Ecosystems, 8(5), 568-582. doi: 10.1007/s10021- 003-0172-6.

[13] Budakova, V.S., Yorkina, N.V., Telyuk, PM., Umerova, A.K., Kunakh, O.M., & Zhukov, OV. (2021). Impact of recreational
transformation of soil physical properties on micromolluscs in an urban park. Biosystems Diversity, 29(2), 78-87.
doi: 10.15421/012111.

[14] Zhao, Q., Tang, H.H., Gao, CJ., & Wei, Y.H. (2020). Evaluation of urban forest landscape health: A case study of
the nanguo peach garden, China. IForest, 13(3), 175-184. doi: 10.3832/ifor3206-013.

[15] Klimkina, I., Kharytonov, M., & Zhukov, O.V. (2018). Trend analysis of water-soluble salts vertical migration
in technogenic edaphotops of reclaimed mine dumps in western donbass (Ukraine). Environmental Research,
Engineering and Management, 74(2), 82-93. doi: 10.5755/j01.erem.74.2.19940.

[16] Zhukov, O.V.,Kunah, O.M., & Dubinina, Y.Y.(2017). Sensitivity and resistance of communities: Evaluation on the
example of the influence of edaphic, vegetation and spatial factors on soil macrofauna. Biosystems Diversity,
25(4).doi: 10.15421/011750.

Scientific Horizons, 2021, Vol. 24, No. 7

43



44

Ecomorphic structure transformation of soil macrofauna amid recreational impact

[17] Yorkina,N.V.,Podorozhniy, S.M.,Velcheva, L.G.,Honcharenko, YV., & Zhukov, O.V.(2020).Applying plant disturbance
indicators to reveal the hemeroby of soil macrofauna species. Biosystems Diversity, 28(2), 181-194.
doi: 10.15421/012024.

[18] Kunah, O.M., Zelenko, YV., Fedushko, M.P., Babchenko, AV., Sirovatko, V.0., & Zhukov, O.V. (2019). The temporal
dynamics of readily available soil moisture for plants in the technosols of the Nikopol Manganese Ore Basin.
Biosystems Diversity, 27(2), 156-162. doi: 10.15421/011921

[19] Yorkina, N.,Zhukov, O., & Chromysheva, O.(2019). Potential possibilities of soil mesofauna usage for biodiagnostics
of soil contamination by heavy metals. Ekologia Bratislava, 38(1), 1-10. doi: 10.2478/eko-2019-0001.

[20] Fedoniuk, R.H., Fedoniuk, T.P,, Zimaroieva, A.A., Pazych, V.M., & Zubova, O.V. (2020). Impact of air born technogenic
pollution on agricultural soils depending on prevailing winds in Polissya region (NW Ukraine). Ecological
Questions, 31(1), 1-24. doi: 10.12775/EQ.2020.007.

[21] Pinkina, T., Zymaroieva, A., Matkovska, S., Svitelskyi, M., Ishchuk, O., & Fediuchka, M. (2019). Trophic characteristics
of Lymnaea stagnalis (Mollusca: Gastropoda: Lymnaeidae) in toxic environment. Ekoldgia (Bratislava), 38(3),
282-300. doi: 10.2478/eko-2019-0022.

[22] Belgard, A.L. (1950). Forest vegetation of South-Eeast part of the Ukraine. Kyiv: Shevchenko Kiev State University
Publishing House.

[23] Arnoldi, LV., & Borisova, I.V. (1966). Experience in the study of consortium ties between steppe plants and
animals. Byulleten' Moskovskogo Obshchestva Ispytatelei Prirody Otdel Biologicheskii, 77(4), 109-122.

[24] Kirpotin, S.N.(2005). Life forms of organisms as patterns of organization and spatial ecological factors. Zhurnal
Obshchei Biologii, 66(3), 239-250.

[25] Kunah, O.N. (2016). Functional and spatial structure of the urbotechnozem mesopedobiont community. Visnyk
of Dnipropetrovsk University. Biology, Ecology, 24(2), 473-483. doi: 10.15421/011664.

[26] Zhukov, O., Kunah, O., Dubinina, Y., & Novikova, V. (2018). The role of edaphic, vegetational and spatial factors
in structuring soil animal communities in a floodplain forest of the Dnipro river. Folia Oecologica, 45, 8-23.
doi: 10.2478/foecol-2018-0002.

[27] Zhukoy, OV., Kunah, O.M., Dubinina, Y.Y., Fedushko, M.P., Kotsun, V.I., Zhukova, Y.O., & Potapenko, OV. (2019). Tree
canopy affects soil macrofauna spatial patterns on broad- and meso-scale levels in an Eastern European poplar-
willow forest in the floodplain of the River Dnipro. Folia Oecologica, 46(2),101-114.doi: 10.2478/foecol-2019-0013.

[28] Zhukov, O., Kunah, O., Fedushko, M., Babchenko, A., & Umerova, A. (2021). Temporal aspect of the terrestrial
invertebrate response to moisture dynamic in technosols formed after reclamation at a post-mining site in
Ukrainian steppe drylands. Ekoldgia (Bratislava), 40(2), 178-188. doi: 10.2478/eko-2021-0020.

[29] Zhukov, O.,Kunah, O., Dubinina, Y., Zhukova,Y., & Ganzha, D.(2019). The effect of soil on spatial variation of the
herbaceous layer modulated by overstorey in an Eastern European poplar-willow forest. Ekologia (Bratislava),
38(3), 253-272.doi: 10.2478/eko-2019-0020.

[30] Yorkina, N., Maslikova, K., Kunah, O., & Zhukov, O. (2018). Analysis of the spatial organization of Vallonia
pulchella (Muller, 1774) ecological niche in Technosols (Nikopol manganese ore basin, Ukraine). Ecologica
Montenegrina, 17(1), 29-45.

[31] Zadorozhnaya, G.A., Andrusevych, KV., & Zhukov, O.V. (2018). Soil heterogeneity after recultivation: Ecological
aspect. Folia Oecologica, 45(1),46-52. doi: 10.2478/foecol-2018-0005.

[32] Zhukoy, O., Yorkina, N., Budakova, V., & Kunakh, O. (2021). Terrain and tree stand effect on the spatial
variation of the soil penetration resistance in Urban Park. International Journal of Environmental Studies.
doi: 10.1080/00207233.2021.1932368.

[33] Gongalsky, K.B. (2014). Wildfires and soil fauna. Moscow: KMK Scientific Press Ltd.

[34] Pokarzhvskiy, A.D., Gongalskiy, K.B., Zajtsev, A.S., & Savin, F.A. (2007). Spatial ecology of soil animals. Moscow:
KMK Scientific Press.

[35] Sacco, M., Blyth, AJ., Humphreys, W.F., Karasiewicz, S., Meredith, K.T., Laini, A., Cooper, S.J.B., Bateman, PW., &
Grice, K. (2020). Stygofaunal community trends along varied rainfall conditions: Deciphering ecological niche
dynamics of a shallow calcrete in Western Australia. Ecohydrology, 13(1). doi: 10.1002/eco0.2150.

[36] Thuiller, W., Lavorel, S., Midgley, G., Lavergne, S., & Rebelo, T. (2004). Relating plant traits and species distributions
along bioclimatic gradients for 88 Leucadendron taxa. Ecology, 85(6), 1688-1699. doi: 10.1890/03-0148.

[37] Dray,S., & Legendre, P.(2008). Testing the species traits environment relationships: The fourth-corner problem
revisited. Ecology, 89(12), 3400-3412. doi: 10.1890/08-0349.1.

[38] Ter Braak, CJ., Cormont, A., & Dray, S. (2012). Improved testing of species traits-environment relationships
in the fourth-corner problem. Ecology, 93(7), 1525-1526. doi: 10.1007/7089_2008_18.

[39] Tarasov, V.V. (2012). Flora of Dnipropetrovsk and Zaporizhia regions. Kyiv: Lira.

[40] Zhukov, AV., Kunah, O.N., Novikova, V.A., & Ganzha, D.S. (2016). Phytoindication assessment of the catena
of soil mesofauna communities and their ecomorphic organization. Biological Bulletin of Bogdan Chmelnitskiy
Melitopol State Pedagogical University, 6(3),91-117. doi: 10.15421/201676.

[41] Dray, S., & Dufour, A.B. (2007). The ade4 package: Implementing the duality diagram for ecologists. Journal of
Statistical Software, 22(4), 1-20. doi: 10.18637/jss.v022.i04.

Scientific Horizons, 2021, Vol. 24, No. 7




Zymaroieva et al.

[42] Yorkina, N.V., Kunakh, O.M., & Budakova, V.S. (2019). Ecological niche packing and spatial organisation of the
urban park macrofauna comminity. Agrology, 2(4), 209-218. doi: 10.32819/019030.

[43] Medvedev,VV.(2009).Soil penetration resistance and penetrographs in studies of tillage technologies. Eurasian
Soil Science, 42(3), 299-309. doi: 10.1134/S1064229309030077.

[44] Smagin, AV, Azovtseva, N.A., Smagina, M.V,, Stepanov, A.L., Myagkova, A.D., & Kurbatova, A.S. (2006). Criteria
and methods to assess the ecological status of soils in relation to the landscaping of urban territories. Eurasian
Soil Science, 39(5), 539-551. doi: 10.1134/5S1064229306050115.

[45] Meurer, K., Barron, J., Chenu, C., Coucheney, E., Fielding, M., Hallett, P., Herrmann, A.M., Keller, T., Koestel, J.,
Larsbo, M., Lewan, E., & Or, D. (2020). A framework for modelling soil structure dynamics induced by biological
activity. Global Change Biology, 26(10), 5382-5403. doi: 10.1111/gcb.15289.

[46] Yakovenko, V.M., Dubinina, J.J., & Zhukova, Y.0. (2019). Spatial heterogeneity of the physical properties of the
soil in the floodplain of the small river. Agrology, 2(4), 219-228. doi: 10.32819/019031.

[47] Yakovenko, V., & Zhukov, O. (2021). Zoogenic structure aggregation in steppe and forest soils. In Y. Dmytruk, &
D. Dent (Eds.), Soils under stress (pp. 111-127). Cham: Springer International Publishing. doi: 10.1007/978-3-
030-68394-8_12.

[48] Kotroczo,Z.,Juhos, K., Bird, B.,Kocsis, T., Pabar, S.A.,Varga, C., & Fekete, I.(2020). Effect of detritus manipulation
on different organic matter decompositions in temperate deciduous forest soils. Forests, 11(6), article number
675.doi: 10.3390/f11060675.

[49] Moore, J.C., Berlow, E.L., Coleman, D.C., De Suiter, P.C., Dong, Q., Hastings, A., Johnson, N.C., McCann, K.S.,
Melville, K., Morin, PJ., Nadelhoffer, K., & Rosemond, A.D. (2004). Detritus, trophic dynamics and biodiversity.
Ecology Letters, 7(7), 584-600. doi: 10.1111/j.1461-0248.2004.00606.x.

[50] Medvedey, V.V. (2013). Time and spatial heterogenization of soil ploughed up. Gruntoznavstvo, 14(1-2), 5-22.

TpaHcdopMauis ekoMopdiuHOI CTPYKTYPU I'PYHTOBOI MaKpodayHHU
B YMOBaX peKpeauiiHoro BnjuBy
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AHoTauis. PiBeHb peakpaLiioro HaBaHTaXKEHHS Ha KOMMOHEHTU MiCbKUX 3eIeHNX 30H 3pOCTaE, TOMY BU3HAYEHHS
edeKTUBHMX IHCTPYMEHTIB yNpaB/iHHSA B LUMX eKocucTeMax HabyBaEe BMPILIAZbHOMO 3HAYeHHs AN 3abe3neyeHHs
NiATPUMKM MiCLb iCHYBaHHS MONYNALLI TBAPWH, 30KpeMa IpyHTOBOI 6ioTW. MeToto pob0oTH € BCTAHOBNIEHHS 3aKOHOMIiPHOCTI
CTPYKTYPYBaHHS YrpynoBaHb rpyHTOBOI MakpodayHu B YMOBaX PeKpeaLifHOro BniMBY Ha OCHOBI eKOMOPdiYHOro
nigxony.Y poboTi BUKOHAHO OLLiHKY piBHS pekpeaLitHoi TpaHchopMaLii rpyHTOBOI MakpodayHH 3eneHnX HacagkKeHb
3arafibHOro KOpUCTyBaHHS M. MeniTononb Ha TepuTopii Napky HoBoonekcaHAPiBCbKWIA. Y 30Hi 3 BUCOKMM piBHEM
pekpeaLifHOro HaBaHTaXeHHs AN [oCNigKeHb 6yno 3aknafeHo NOMiroH, y Mexax sikoro 3pobneHo Biabip npob. 3
MeTot 300py rpyHTOBOI MakpodayHu Ta OLiHKM BNACTMBOCTEN I'PYHTY Y KOXKHiM TOULL AOCAIAKEHOrO NOAiroHy bynm
npoBeAeHi FPYHTOBO-300/10TYHI NPO6M Ta 34IMCHEHI BUMIpIOBAHHS TakMX FPYHTOBMX MOKA3HMKIB, K: TeMMNepaTypa,
€NeKTPOMNpPOBIAHICTb, BOMOTICTb Ta TBEPAICTb MPYHTY, MOTYXKHICTb NiACTUIKM Ta BUCOTa TpaBocToto. OpauHaLis yrpynoBaHb
npoBefeHa 3aaonomoroto agox niaxoais: OMI-ta RLQ-aHani3iB.BusiBneHo, L0 eKonorivHi Hilwi rpyHTOBOT MakpodayHu
B YMOBax pekpeaLiii € NpoCTOpoBO CTPYKTYpoBaHUMKU. OCHOBHMMM (HaKTOpaMM CTPYKTYPYBAHHS €KONOTiYHOI Hili
IPYHTOBOT MakpodayHu y Mexax A0CNiOXYyBaHOi TepuTopii € TBEPAICTb FPYHTY B Aiana3oHi YCbOro BMMIipHOBAHOMO
Lapy, BOMOTiCTb IPYHTY Ta AuCTaHUis Ao AepeB. OCHOBY LLEeHOMOPdiYHOi CTPYKTypU IPpyHTOBOI MakpodayHM 3a
KiNbKiCTIO BMAIB CTAHOBASATb CMNbBaHTY (45,5 %) Ta npaTaHTu (24,2 %). 3a YUCENbHICTIO BUAiIB OCHOBY LLeHOMOP®iYHOI
CTPYKTYpU MakpodayHu CTaHOBAATb NpataHTu (64,5 %), Tpoxu MeHwe ctenanTiB (19,1 %) Ta cunbBanTiB (16,1 %)
Ta OOMHMYHO 3ycTpivatoTbes nantoaantn (0,2 %). Taky LeHoMOop@iyHy CTPYKTYpY MOXHA pO3rNsAaTh SK eKOMOriYHO
nabinbHy. 1o BUCOKOrO piBHA peKpeaL,iMHOro HaBaHTAXXEHHS TolepaHTHUMM € 300daru, reMiaepodobu Ta meratpodm.
Obnactb, SKa BiANOBIAAE HaMOINbLIOMY piBHIO peKpeaLifHOro HaBaHTAXEHHS, € BakaHTHO. Lle BKasye Ha Te, Wo
(aKTUYHO He iCHYE BUAIB rPyHTOBOI MakpodayHu, ki MoK 6 iCHyBaTH 32 YMOB iHTEHCMBHOIO pekpeaLiifHoro BNanBy

KntouoBi cnoBa: ekoMopdu, FPyHT, eKONIOTiYHA Hila, 'PpyHTOBI 6e3XpebeTHi, pekpeauiiH1i TUCK
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