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Hemeroby is an integrated indicator for measuring human impacts on environmental systems. Hemeroby has a complex nature and
a variety of mechanisms to affect ecosystems. Hemeroby is often used to assess disturbances in different vegetation types but this con-
cept has seldom been evaluated for animals. The role of the hemeroby gradient in structuring the soil macrofauna community was inves-
tigated. The experimental polygon was located in Botanical Garden of the Oles Honchar Dnipro National University (Dnipro City,
Ukraine). There were 20 sites within the polygon. On each of them at 105 points samples of soil macrofauna were taken, soil penetration
resistance, electrical conductivity of soil, depth of litter, height of grasses were measured. Within each site, a description of the vegetation
cover was made. Based on the description of the vegetation, an indication of the level of ecosystem hemeroby within the polygons was
conducted. In total, 48,457 invertebrate (Annelida, Arthropoda, and Mollusca) individuals of 6 classes, 13 orders, 50 families and
83 species or parataxonomic units were recorded. Phytoindication reveals that the level of hemeroby within the studied polygons varies
from 34.9 to 67.2. The model V and VI from the HOFJO-list were the most optimal model of the species response to hemeroby gra-
dient. The weighted average factor value was used to assess the optimal factor level for the species in a symmetrical bell-shaped re-
sponse model. The optimal factor level of the hemeroby for the soil macrofauna species ranges from 34.9 to 66.0. Species also differ in
degree of specialization to the factor of hemeroby. There was a regular change in the soil macrofauna community size and diversity in
the hemeroby gradient. The limiting influence of anthropogenic transformation of the environment on the abundance of soil macrofauna
community is clearly marked at the level of hemeroby above average. Species diversity of the community is greatest at moderate heme-
roby level. Both relatively little transformed habitats and strongly transformed ones are characterized by lower species richness of the
soil macrofauna community. The Shannon index shows a clear upward trend with increasing hemeroby. The Pielou index indicates that
the main reason for this trend is an increase in community evenness with increasing hemeroby. The intermediate disturbance hypothesis
was fully supported with respect to species richness. For the number of species, there is indeed a certain level of heterogeneity at which
the number of species is highest. For another aspect of diversity, evenness, this pattern is not true. The evenness increases with increas-
ing habitat disturbance. This result is due to a decrease in the abundance of dominant species.

Keywords: diversity; urbanization; bioindication; canonical correspondance analysis; variation fractioning.

Introduction

Hemeroby is an integrated indicator for measuring human impacts on
environmental systems (Jalas, 1955; Sukopp, 1969; Kowarik, 2020). The
intensity or frequency of the man-made disturbance determines its impact
on the community (Battisti et al., 2016). Hemeroby was initially formula-
ted in the context of the rural-urban gradient from natural to fully anthro-
pogenic habitats (Walz & Stein, 2014). Hemeroby has a complex nature
and a variety of mechanisms to affect ecosystems. Urbanization is a form of
environmental disturbance (Rebele, 1994; Putchkov et al., 2019). Along
the rural-urban gradient the number and the density of human inhabitants
increases (Montalvo et al., 2019). The urbanization rate is associated with
an increase in road density (Shi et al., 2019), area with artificial cover and
paved surfaces (Murata & Kawai, 2018; Chen et al., 2020), and air and
soil pollution (Duh et al., 2008; Jia et al., 2018). Urban forests are constant-
ly exposed to elevated temperatures, carbon dioxide, nitrogen deposition
and ozone (Carreiro & Tripler, 2005). Urban soils, especially in urban
parks and green areas may have a direct influence on human health (Si-
mon et al., 2012). Nitrogen (N) deposition (Bettez & Groffman, 2013;
Martinez et al., 2014; Decina et al., 2018, 2020; Trammell et al., 2019),
heavy metal content of soil (Simon et al., 2013) and plants (Simon et al.,
2011), and litter decomposition rate (Nemergut et al., 2014; Brygadyren-
ko, 2015; Dorendorf et al., 2015; Melliger et al., 2017) vary significantly
along the urban-rural gradient (McDonnell et al., 1997; McDonnell &

Biosyst. Divers., 2020, 28(2)

Pickett, 1990). The urban flora and vegetation respond sensitively to man-
made disturbance (Kowarik, 1990; Hill et al., 2002). Hemeroby is often
used to assess disturbances in different vegetation types (Steinhardt et al.,
1999; Fernandez et al., 2002; Hill et al., 2003; Acosta et al., 2003; Fanelli
et al., 20006; Testi et al., 2009; Schleupner & Schneider, 2013; Battisti &
Fanelli, 2016). However, this concept has seldom been evaluated for ani-
mals (Dennis et al., 2004; Schleupner & Link, 2008; Battisti & Fanelli,
2016). It should be noted that the role of animals in assessing anthropo-
genic impacts on ecological systems is well documented. Animal species
specifically respond to environmental disturbance due to their natural his-
tory and ecology (Sousa, 1984). Species-specific ecological traits can be
considered as the strong predictors of sensitivity to disturbance (Mouillot
et al,, 2013). Naturalness reflects the distance from the primary natural
condition (Angermeier, 2000), while hemeroby measures the degree of
disturbance. The concept of naturalness or purity of the ecosystem was
considered as the reference standard for assessing the impact of human
activities on the landscape. For landscape assessment, hemeroby is used as
the inverse of naturalness in its content (Angermeier, 2000; Geri et al.,
2010; Winter, 2012; Walz & Stein, 2014; Tian et al., 2020). Hemeroby
can be considered as a combination of effects of disturbances on compo-
nents of ecological systems (Steinhardt et al., 1999). Hemeroby can be
clearly identified by estimating the species composition of any habitat type
(Fanelli et al., 2006). Compared to generalists, specialized species may
demonstrate a different reaction to disturbance (Wiens, 1989; Julliard
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etal., 2006; Devictor et al., 2008; Reif et al., 2013; Katayama et al., 2014;
Biichi & Vuilleumier, 2014).

The Urban Ecosystem Convergence Hypothesis (UECH) suggests
that urbanization over time drives the structure and function of native eco-
systems to the uniform state regardless of the prevailing climate and other
local environmental factors and regimes (Pouyat & Carreiro, 2003; Pouyat
et al.,, 2017). This hypothesis assumes that the soil characteristics and the
features of soil biota will be more similar in disturbed and managed soils
than in the original natural soils which these urban soils replaced. This
similarity of urban soil properties is explained by the convergence of soil-
forming factors in the urban environment (Hall et al., 2016; Epp Schmidt
etal,, 2017). Urban Ecosystem Convergence Hypothesis was tested in se-
veral studies (Epp Schmidt et al., 2017; Groffman et al., 2017; Pouyat
etal., 2017). Homogenization of urban communities has been studied for
microbes (Epp Schmidt et al., 2017, 2019), plants (Schwartz et al., 2006;
Smart et al., 2006), plants and birds (Aronson et al., 2014), birds (van
Rensburg et al., 2009), land birds, freshwater fish, terrestrial mammals,
plants, and freshwater reptiles and amphibians (Olden et al., 2006), insect
orders (Lizée et al., 2011; Knop, 2016).

The invertebrate communities in urban soils can be taxonomically
and functionally diverse and contain detritivores, microbivores, predators
and ecosystem engineers (Byme et al., 2008; Byme & Bruns, 2004; So-
phie Joimel et al., 2017; Rochefort et al., 2006; Schrader & Boning, 2006).
Urban soil invertebrate communities are affected by the physical and che-
mical characteristics of urban soils and by land use and management
practices (Bray & Wickings, 2019). Soil invertebrates are sensitive to many
human activities and the resulting soil conditions, such as physical distur-
bance of soil cover, heavy metal pollution, pesticide contamination of soil,
time of human exposure and land use history (Mcintyre et al., 2000; Pa-
vao-Zuckerman & Coleman, 2007; Pavao-Zuckerman, 2008; Jones &
Leather, 2012). Habitat loss occurs as the intensity of urbanization increa-
ses. At the same time, islands in an urban environment that retain the
capacity for biota are becoming increasingly fragmented and smaller in
the gradient of urban disturbance (Collins et al., 2000). Ecological corri-
dors are landscape elements that avoid the negative impact of fragmenta-
tion on arthropod communities (Vergnes et al., 2012). Numerous anthro-
pogenic activities suppress the abundance and diversity of soil invertebrate
communities. The direction and scale of responses may vary from tax-
onomic group to group. Thus, in most invertebrates, the density in re-
sponse to heavy metal contamination of soil decreases (Nahmani & La-
velle, 2002; Santorufo et al., 2012; Pey et al., 2014; Pouyat et al., 2015).
However, isopods show a positive density response to metal contamina-
tion in urban soils (Pouyat et al., 2015). Pesticides are also well-known to
decrease invertebrate densities in urban soils. However, the effects can
vary considerably with pesticide active ingredient, application rate, and
frequency of use (Peck, 2009; Gan & Wickings, 2017). Other human
activities can have an evenly positive impact on soil invertebrate commun-
ities. It is known that growth of invertebrate density from different tax-
onomic and functional groups can be induced by increase of organic
matter content in urban soils (Smith et al., 2006; Smetak et al., 2007;
Byme et al., 2008; Joimel et al., 2016; Joimel et al., 2017). Soil inverte-
brates are sensitive to the disturbance of soils, so they are valuable indica-
tors of soil regimes (Nahmani & Lavelle, 2002) and bioindicators of urban
soil quality (Santorufo et al., 2012). In the short term, the diversity and
abundance of soil invertebrate communities is declining due to urbaniza-
tion. In the long term, an increase in the number of tolerant species may
lead to changes in community structure and size (Salminen et al., 2001).

Among the methods currently being applied to quantify land use, the
concept of hemeroby is the most challenging in terms of practicability of
the method and quality of the resulting data (Fehrenbach et al., 2015). The
classification into hemeroby classes perfectly captures the complexity of
land use (Fehrenbach et al., 2015).

The aim of our study is to investigate the role of the hemeroby gradient
in structuring the soil macrofauna community. We consider the phyto-
indication estimates of this gradient as a marker of hemeroby. We assume
that the hemeroby affects both soil animals directly and the properties of
their environment, which also affects them. Evaluating the values of various
aspects of the influence of hemeroby on soil animals will provide the basis
for identifying the focus of bioindication of hemeroby with soil animals.
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Methods

Research area. The experimental polygon was located in the Botani-
cal Garden of the Oles Honchar Dnipro National University (Dnipro City,
Ukraine). There were 20 sites within the polygon (Fig. 1). On each of them
at 105 points samples of soil macrofauna were taken, soil penetration resis-
tance, electrical conductivity of soil, height of litter, height of grasses were
measured. Within each site, a description of the vegetation cover was made.
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Fig. 1. Phytoindicator assessment of hemeroby for the investigated
polygons: 1-20 are investigated polygons

Soil properties measurement. The measurement of the soil penetra-
tion resistance was made in the field using a hand penetrometer Eijkel-
kamp, to a depth of 100 cm with an interval of 5 cm (at the depths of 0-5,
5-10, ..., 4550 cm in a single repetition). To measure the electrical conduc-
tivity of the soil ir situ, the sensor HI 76305 was used (Hanna Instruments,
Woonsocket, R. I.). This sensor works in conjunction with the portable
device HI 993310 (at the depths of 05 cm in a three-times repetition).

Data collection. At each site we established a plot of 30 x 14 m, with
105 subplots of 2 x 2 m organized in a regular grid. The site consisted of
7 transects. Each transect was made up of 15 subplots. The distance bet-
ween rows in the subplot was 2 m. The adjacent subplots were in close
proximity. The macrofauna were manually collected from the soil samp-
les from each subplot. Samples consisted of single blocks of soil, 25 x
25 x 30 cm® deep, dug out quickly. A quadrat was fixed in the center of
the subplot on the soil surface prior to soil sampling. The soil macrofauna
were sorted and the animals were stored in 4% formaldehyde (Mathieu
etal., 2004; Zhukov et al., 2018a, 2018b). Soil macrofauna was defined as
an invertebrate group found within terrestrial soil samples which has more
than 90% of its specimens in such samples visible to the naked eye (ma-
croscopic organisms) (Warren & Zou, 2002; Lavelle et al., 2003; Gholami
et al., 2016). Geobionts (large soil invertebrates that permanently inhabit
the soil) and geophiles (organisms that live in the soil only for particular
phases of their lives) (Krivolutsky, 1992; Gholami et al., 2016; Butenko
etal., 2017) were assessed.

The lists of vascular plant species were compiled for each site.
The evaluation of the species projective cover was performed visually.
The projective cover of plant species was recorded at ground level, the
understorey (up to 2 m height) and canopy (above 2 m height). We were
able to make species level identification for all sites.

Based on the description of the vegetation, an indication of the level
of ecosystem hemeroby within the polygons was conducted. The Goncha-
renko (2017) scale, which is an adaptation of the Borhidi naturalness scale
(Borhidi, 1995) to the realities of Ukrainian flora, was used as a scale of
hemeroby. Hemeroby assessment was performed as a weighted average
of the hemeroby value of plant species in the community:

HV = Zpi «hy;,
L
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where HV is the estimation of the plant community hemeroby (values are
in the range 0-100); p; is the projective cover of the i-th species; Av; is the
indicator value of hemeroby for i-th species.

Phytoindication scales for Didukh (2011) include edaphic and clima-
tic scales. The edaphic phytoindication scales include the soil water regi-
me (Hd), the variability of damping (fH), the soil aeration (Ae), the soil
acidity (Rc), the total salt regime (SI), the carbonate content in soil (Ca)
and nitrogen content in soil (Nt). The climatic scales include the parame-
ters of the thermal climate (thermoregime, Tm), humidity (Om), cryo-cli-
mate (Cr) and the continentality of climate (Kn). In addition to these, the
lighting scale (Lc) is highlighted, which is characterized as a microclimate
scale. Thermal properties of soils are indicated by a scale of the thermal
regime, and hydrothermal is the scale of ombro mode. Phytoindicational
estimation of environmental factors was performed by the ideal indicator
method of Buzuk (2017).

Soil macrofauna identification. Adult and larvae specimens were
counted and identified to species level. Earthworms were identified using
Perel (1979), and Kunah et al. (2010), Lithobiomorpha with Zalesskaya
(1978), Geophilomorpha with Bonato et al. (2014), Diplopoda with Cher-
ny & Golovach (1993), imago ground beetles with Kryzhanovsky (1964),
larvae ground beetles with Gilyarov (1964), Dolin (1978), Andreeva
(1990), Kabakov (2006), and Krivosheina (2012), woodlice with
Schmolzer (1965), molluscs with Gural-Sverlova & Gural (2012).

Ordination approaches and methods for niche parameters estima-
tion. Weighted averaging can be used to estimate the species optimal va-
lue along the ecological gradient in cases of the symmetric bell-shaped
response curves (ter Braak & Looman, 1986). The method of the weigh-
ted averaging is reasonably good when the whole range of a species distri-
bution is covered by samples. The species abundances were used as the
weights in calculating the ecological factor average:
¥, Env; x Abund,

¥, Abund,;
where Env; is the value of environmental variable in the i~th sample, and
Abund; is the abundance of the species in the i-th sample.

The species tolerance which is presented by the width of the bell-sha-
ped curve can be calculated as the square root of the weighted mean of the
squared differences between the species optimum and the actual value in
the sample. The value is analogous to standard deviation:

sp— m!:l_(E?lL’i — WA x Abund;
J XL, Abund;

WA =

If the complete range of a species distribution is covered and species
response is symmetrically bell-shaped, then the estimation by means of
weighted average is correct. In contrast, the estimate is biased if only a part
of the range is covered. In this case, the estimate is shifted with respect to
real value in the direction of the tail that is not truncated. The number of
the species with truncated distribution will increase if the covered portion
of the gradient is short and as a consequence the optimum estimates will
be biased. The longer the environmental gradient, the more species will
have their optima estimated correctly.

The use of symmetric Gaussian response functions in gradient analy-
sis is not a universal approach due to systematic deviation of the real data
from symmetric response (Austin, 1987; Austin, 1999). Huisman et al.
(1993) hierarchical models (HOF) along with a symmetric response also
include a skewed response. Apart from the five HOF-model, two bimodal
(skewed and symmetric) response shapes were included to cope with
species that are restricted to gradient extremes due to competition (Jansen
& Oksanen, 2013; Michaelis & Diekmann, 2017). The Huisman-Olff-
Fresco models expanded by Jansen-Oksanen (HOFJO) are ranked ac-
cording to the increasing complexity of biological information contained
(Huisman et al., 1993; Jansen & Oksanen, 2013). Model I: no significant
trend in space or time:

y=M )
14e”
Model II: an increasing or decreasing trend where the maximum is equal
to the upper bound M:
y=My
Model III: an increasing or decreasing trend where the maximum is below
the upper bound M:
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1
¥ Ml+€ﬁ+bxl+€c'
Model IV: increase and decrease by the same rate — symmetrical response
curve:
1

14 Eﬁ+b.t’ 14 Ec—bx "
Model V: increase and decrease by different rates — skewed response curve:
1 1

1+ €ﬁ+b.t’ 1+ €c+dx "
Model VI: bimodal symmetric responses:
1 1

y= M 14 ea+bxq ¥ go+ble—d) +
Model VII: bimodal skewed responses:

}r:M

y=M

1 1
1+ €ﬂ+b&—dl 1+ ec—b[;r—dl )

1
14 ga+ble—dl { T pe—ble—d)”

y=»M 1 4 eo+bx | T pc+ble—d) +1L
where y and x are the response and the explanatory variable respectively,
a, b, ¢ and d the parameters to be estimated (b and d have opposite signs),
and M — a constant which equals the maximal value which can be attained
(for relative frequencies M = 1, for percentages M = 100), L — a constant
which equals the maximal value for minor extreme value.

Huisman-Olff-Fresco models were fitted in the R statistical program
(v. 3.3.1) (R Developmental Core Team, 2019) using the package eHOF
(Jansen & Oksanen, 2013, version 3.2.2). To improve modeling results
even for small data sets, the stability of model choice was double-checked
by bootstrapping (100 samplings, default package setting) to ensure model
robustness. The Akaike information criterion corrected for small data sets
(AICc) was used (Bumham & Anderson, 2002). In cases when the two
procedures differed in their choice for the best model type, the bootstrap-
ping model was preferred (Michaelis & Diekmann, 2017). Optimum va-
lue and relative species tolerance limits, or the Central Borders, were cal-
culated as implemented in the eHOF package (Jansen & Oksanen, 2013).
These are specified fractions of the curve maxima (max * ¢ %) and are
calculated separately for the left (LowCB) and right (UppCB) hand side of
the optimum (Heegaard, 2002).

To analyze the spatiotemporal variation in the species composition of
invertebrate assemblages, multivariate ordination techniques were applied.
Prior to analyses, species data were Hellinger-transformed (Legendre &
Gallagher, 2001). We subjected the Hellinger-transformed abundance ma-
trix of species to correspondence analysis (CA), constrained correspon-
dence analysis (CCA), and constrained redundancy analysis (RDA) to
extract the major patterns of variation (Legendre & Birks, 2012; ter Braak
& Smilauer, 2015). The environmental factors were fitted onto a CA-ordi-
nation by enfit function from the vegan library (Oksanen et al., 2018).

The constrained ordination approaches (correspondence or redundan-
cy analysis) allowed assessment of the effects of the soil moisture as an
explanatory variable on the invertebrate community with temporal, spatial,
environmental factors and technosol type as condition variables. The de-
trended correspondence analysis (DCA) was used to discriminate whether
species responses are primarily monotonic or primarily unimodal. To do
this, the length of the first major gradient of variation in community data
was estimated (ter Braak & Prentice, 1988). If gradient length is more than
two standard deviation, then constrained correspondence analysis (CCA)
must be selected as ordination approach.

Otherwise constrained redundancy analysis (RDA) is most suitable.
Species scores generated by the CA or CCA indicate the centre of the
species’ distribution in a unimodal model. Therefore, species scores
represent the niche position (optimum) of species along the extracted axes.
The standard deviations of species scores quantify the niche width. If the
ordination axes are correlated with environmental gradients, the scores and
the associated standard deviations can be used to characterize the niche
properties of each species with respect to that gradient (Entling et al.,
2007).

The strength of the association between species and clusters of the
sampling points was determined by means of the indicator value index
(IndVal) (Dufiéne & Legendre, 1997) calculated by the function multipatt
from the package indicspecies (Caceres & Legendre, 2009). For the statisti-
cal analyses we used the appropriate procedures of Statistica (Version 5.5,
StatSoft Inc., www.statsoftcom) or R (version 3.52; R Core Team,
2018).
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Results

In total, 48,457 invertebrate (Annelida, Arthropoda and Mollusca) in-
dividuals of 6 classes, 13 orders, 50 families and 83 species or parataxono-
mic units were recorded (Table 1). The annelids comprise 78.8% of the
total community and are represented by 11 species, of which Aporrectodea
caliginosa dominates. Arthropods constitute 12.0% of the community and
are represented by 61 species. Among the arthropods, Geophilus prox-
imus, Schizoturanius dmitrievi, and Trachelipus rathkii are the dominant
species. Molluscs account for 13.2% of the total community size and are
represented by 11 species. The most abundant species of mollusc is Dis-

Taxons

Phase

Individual

cus ruderatus.
Table 1
Taxonomic diversity and abundance of the soil macrofauna
Taxons Phase Individual
number

Phylum Annelida

Class Oligohaeta

Ordo Haplotaxida

Family Lumbricidae
Aporrectodea caliginosa trapezoides (Duges, 1828) adultus 18096
Aporrectodea rosea rosea (Savigny, 1826) adultus 5124
Dendrobaena octaedra (Savigny, 1826) adultus 982
Dendrobaena veneta (Rosa, 1896) adultus 269
Eisenia fetida (Savigny, 1826) adultus 33
Lumbricus rubellus Hoffimeister, 1843 adultus 6930
Lumbricus terrestris Linnaeus, 1758 adultus 113
Octodrilus transpadanus (Rosa, 1884) adultus 1077
Octolasion lacteum (Oerley, 1885) adultus 2349
Dendrodrilus rubidus (Savigny, 1826) adultus 82

Ordo Tubificida

Family Enchytracidae
Enchytraeus sp. adultus 1209

Phylum Arthropoda

Class Malacostraca

Ordo Isopoda

Family Oniscoidae
Armadillidium vulgare (Latreille, 1804) adultus 3

Family Trachelipodidae
Trachelipus rathkii (Brandt, 1833) adultus 888

Class Chilopoda

Ordo Geophilomorpha

Family Geophilidae
Geophilus proximus C. L. Koch, 1847 adultus 1213
Pachymerium ferrugineum (C. L. Koch, 1835) adultus 17

Ordo Lithobiomorpha

Family Lithobiidae
Lithobius (Lithobius) forficatus (Linnaeus, 1758) adultus 2
Lithobius (Monotarsobius) curtipes C. L. Koch, 1847 adultus 32

Ordo Scolopendromorpha

Family Cryptopidae
Cryptops anomalans Newport, 1844 adultus 3

Class Diplopoda

Ordo Julida

Family Julidae
Megaphyllum rossicum (Timotheew, 1897) adultus 145

Ordo Polydesmida

Family Polydesmidae
Schizoturanius dmitrievi (Timotheew, 1899) adultus 599

Class Insecta

Ordo Coleoptera

Family Carabidae
Amara (Amara) aenea (De Geer, 1774) imago 120
Amara (Curtonotus) aulica (Panzer, 1796) imago 47
Amara similata (Gyllenhal, 1810) imago 9
Amara sp. larvae 4
Badister (Badister) bullatus (Schrank, 1798) imago 58
Badister (Badiister) lacertosus Sturm, 1815 imago 15
Brachinus (Brachinus) crepitans (Linnaeus, 1758) imago 24
Calathus (Calathus) fuscipes (Goeze, 1777) imago 13
Calathus melanocephalus (Linne 1758) imago 5
Calosoma (Calosoma) inquisitor (Linnaeus, 1758) imago 2
Harpalus (Harpalus) affinis (Schrank, 1781) imago 52
Harpalus (Pseudoophonus) griseus Panzer, 1796 imago 33
Harpalus (Pseudoophonus) rufipes (De Geer, 1774) imago 64
Harpalus serripes (Quensel in Schonherr, 1806) imago 3
Harpalus tardus (Panzer, 1797) imago 2
Ophonus (Hesperophonus) azureus (Fabricius, 1775) imago 21
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Platyderus rufus (Duftschmid, 1812) imago 1
Zabrus (Pelor) spinipes (Fabricius, 1798) imago 12
Zabrus (Zabrus) tenebrioides (Goeze, 1777) imago 7
Bembidion (Metallina) properans (Stephens, 1828) imago 21
Carabus (Cancellocarabus) cancellatus Tlliger, 1798 imago 1
Anisodactylus (Anisodactylus) nemorivagus (Duftschmid, 1812)  imago 7
Carabidae sp. larvae 72
Harpalus flavescens (Piller & Mitterpacher, 1783) imago 4
Ophonus (Metophonus) brevicollis (Audinet-Serville, 1821)  imago 15
Ophonus punctatulus (Duftschmid, 1812) imago 8
Prerostichus (Pseudomaseus) anthracinus (Illiger, 1798) imago 1
Stomis (Stomis) pumicatus (Panzer, 1796) imago 3
Family Cerambicidae
Carinatodorcadion carinatum (Pallas, 1771) larvae 111
Family Cetoniidae
Cetonia aurata (Linnaeus, 1761) larvae 17
Family Chrysomelidae
Chrysomelidae sp. larvae 4
Family Curculionidae
Bothynoderes affinis (Schrank, 1781) larvae 39
Family Dermestidae
Dermestes (Dermestinus) laniarius 1lliger, 1801 larvae 4
Family Elateridae
Agriotes sputator (Linnaeus, 1758) larvae 14
Athous (Athous) haemorrhoidalis (Fabricius, 1801) larvae 149
Melanotus (Melanotus) brunnipes (Germar, 1824) larvae 74
Family Staphylinidae
Drusilla canaliculata (Fabricius, 1787) imago 1
Anotylus insecatus (Gravenhorst, 1806) imago 1
Oxyporus (Oxyporus) rufus (Linnaeus, 1758) imago 2
Philonthus (Philonthus) intermedius (Lacordaire, 1835) imago 1
Rugilus (Rugilus) rufipes Germar, 1836 imago 1
Staphylinus caesareus Cederhjelm, 1798 imago 216
Family Tenebrionidae
Gylindronotus (Nalassus) brevicollis Kuster, 1850 larvae 3
Family Melolonthidae
Amphimallon solstitiale (Linnaeus, 1758) larvae 268
Melolontha melolontha (Linnaeus, 1758) larvae 186
Rhizotrogus aestivus (Olivier, 1789) larvae 50
Amphimallon assimile (Herbst, 1790) larvae 220
Ordo Diptera
Family Therevidae
Thereva nobilitata (Fabricius, 1775) larvae 13
Family Stratiomyidae
Stratiomys longicornis (Scopoli, 1763) larvae 310
Ordo Lepidoptera
Family Noctuidae
Agrotis clavis (Hufhagel, 1766) larvae 303
Class Arachnida
Ordo Opiliones
Family Phalangiidae
Zacheus lupatus (Eichwald, 1830) adultus 19
Ordo Araneae
Family Lycosidae
Pardosa lugubris (Walckenaer, 1802) adultus 271
Phylum Mollusca
Class Gastropoda
Ordo Pulmonata
Family Cochlicopidae
Cochlicopa lubrica (O. F. Muller, 1774) adultus 1213
Family Enidae
Brephulopsis cylindrica (Menke, 1828) adultus 331
Chondrula tridens (O. F. Muller, 1774) adultus 815
Family Gastrodontidae
Zonitoides (Zonitoides) nitidus (O.F. Muller, 1774) adultus 53
Family Helicidae
Helix (Helix) albescens Rossmassler, 1839 adultus 1
Family Hygromiidae
Euomphalia strigella (Drapamaud, 1801) adultus 7
Family Limacidae
Limacus maculatus (Kaleniczenko, 1851) adultus 76
Family Succineidae
Succinella oblonga (Drapamaud, 1801) adultus 180
Family Valloniidae
Vallonia pulchella (O. F. Muller, 1774) adultus 276
Family Vitrinidae
Vitrina pellucida (O. F. Muller, 1774) adultus 208
Family Patulidae
Discus (Discus) ruderatus (W. Hartmann, 1821) adultus 3224
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Phytoindication reveals that the level of hemeroby within the studied
polygons varies 34.9-67.2 (Fig. 1). There is a clear pattern that open spa-
ces are the most exposed to anthropogenic transformation. Among forest
communities, the most exposed to anthropogenic transformation are mar-
ginal communities in the zone of contact with urban environment objects

surrounding the park. HOFJO-approach provides opportunities for species
response modeling using more alternative models (Fig. 2). The model V
and VI were the most optimal model of the species response to hemeroby
gradient. Somewhat less often, the optimal models were IV, VII, and 1T

(Fig.3).
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Fig. 2. HOFJO-models of species response to hemeroby gradient: X-axis — the phytoindication assessment of the hemeroby;
Y-axis — the number of individuals; HOFJO-models: Il — an increasing or decreasing trend where the maximum is equal to the upper bound;
III—an increasing or decreasing trend where the maximum is below the upper; IV — increase and decrease by the same rate — symmetrical response curve;
V —increase and decrease by different rates — skewed response curve; VI—bimodal symmetric responses; VII—bimodal skewed responses
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Fig. 3. The optimal models distribution of species response to the heme-
roby gradient: X-axis — HOF and two additional models of the species
responses to the soil moisture gradient, Y-axis —the % from the total
number of species for which model is the best according to AICc;
HOFJO-models: I - no significant trend in space or time; IT — an increa-
sing or decreasing trend where the maximum is equal to the upper bound;
III—an increasing or decreasing trend where the maximum is below the
upper; [V —increase and decrease by the same rate — symmetrical
response curve; V —increase and decrease by different rates — skewed
response curve; VI—bimodal symmetric responses; VII — bimodal
skewed responses

The weighted average factor value is a good approximation of the op-
timal factor level for the species in a symmetrical bell-shaped response
model (Table 2). According to this indicator, the optimal factor level of the
hemeroby for the soil macrofauna species ranges 34.9-66.0. Species also
differ in degree of specialization to the factor of hemeroby, which was
characterized by values of standard deviation of the average weighted esti-
mation of hemeroby. The most stenotopic species are those whose opti-
mum is in the middle part of the hemeroby range. Species with minimum
and maximum hemeroby are characterized by high eurytopicity. The va-
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riety of HOFJO-models indicates that not all species have a weighted
average as the best estimation of the optimum zone, despite the simplicity
of their calculation. By taking into account the features of response mo-
dels, we can make more accurate estimates of the quantitative characteris-
tics of the influence of hemeroby on soil animal species.

Table 2
The position of the soil macrofauna species
in the gradient of hemeroby regimes

Pﬁm‘;m Handside

Species eradient 1(\1/;;: Optos: Oplom of the optimum
weighted D outer outer
mean border,,  bordetis

Amara aenea 5559 711 IV 5550 — 5441 56.60
A. aulica 5233 479 VI 5191 6472 5002 66.60
Amphimallon assimilis 3987 866 V 3837 - 3490 39.50
A. solstitiale 5730 882 IV 5718 — 56.58 5779
Aporrectodea rosea 4739 310 VI 3768 4865 3768 48.65
A.trapezoides 4614 553 VII 3490 4615 3490 46.15
Aranea sp. 5065 722 I 6720 — 3490 6720
Ahous 4364 665 1 3490 — 3490 5151
haemorrhoidalis ’ ’ ’ ’ ’
Badister bullatus 3996 860 I 3490 — 3490 46.06
Bembidion sp. 6604 1756 1 6720 — 62.14 6720
Brephulopsis
oylindrica 5418 598 VI 5303 6331 5303 6331
Carabidae sp. (larv.) 5675 891 IV 6154 — 5196 6720
Chondrula tridens 4967 596 VI 4792 6720 4260 6720
Cochlicopa lubrica 4306 642 V 3948 - 3490 3948
((f:f;‘h"mda" SP- 5487 653 VI 5295 6720 5029 6720
Dendrobaenaoctaedra 4613 254 VII 3490 4625 3490 4625
D. veneta 4278 663 VI 4226 6720 4226 6720
Dendrodrilus rubidus 4112 736 IV 4095 — 4025 41.66
Discus ruderatus 4280 599 V4129 - 3490 4129
Dorcadion caritum 5678 830 V 5528 — 3490 5942
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Position within Hand side community variability in relation to hemeroby, soil, edaphic, and climate
hemeroby . factors was performed both on the basis of the CCA and RDA (Fig. 3).
. . Mo- of the optimum Vs o .
Species _ gadient o Optw Optw_ = The variation partitioning of the community based on CCA-approach
weighted 1y outer outer points to the major role of the complex factors that are the result of the
- borderi,, _bordetiy interaction of factors. The results based on RDA-approach also indicate
Enchytraeidae sp. 4636 258 V 4637 - 3490 4637 .. . . .
. j the significant role of interaction between weather and time factors. These
Geophilus proximus 4776 678 VI 4393 6720 4393 6720 . . . .
Harpalus affinis 5000 1144 VI 5947 6720 5724 6720 'results point to the need for extraction of the r'ole of s011 moisture factqr
H.griseus 28 591 I 3490 4859 3490 5065 interactions with other factors to assess precisely the influence of soil
H. rufipes 864 462 1 - - 3490 6720 moisture on the dynamics of invertebrate communities.
Noctuidaesp. (farv) 4794 744 VI 4366 6622 3490 6720
Limacus maculatus 5181 1122 VI 4173 6720 4173 6720 Table3 . o
Lithobius curtipes 3490 1358 1 3490 - 3490 3552 Fitting environmental hemeroby, soil, edaphic, climate
Lumbricusrubellus 4663 489 VI 3490 4715 3490 4715 and site variables onto an CA-ordination
L. tervestris 4100 748 IV 4087 - 40.87 40.87 YT ined
. €S, 7o INCrtia explain
%;gi%’f lhum 5712 927 IV 6179 - 5085 6720 Predicios =1 7g5Cas 116 CcA3.03 CAd7o K PeD
Melanots brmipes 4180 680 VI 3490 4092 3490  47.79 Hemeroby 068 026 022 0.65 050 0001
Melolonthamelolonha 5607 820 VI 5477 6638 4998 6720 Soil variables
Octodrilus 0-5cm -0.98 0.08 0.20 —0.02 0.15 0.001
transpadanus 3968 8% V. 3781 - 3490 3781 510cm 091 -0.06 0.39 0.11 0.19 0.001
Octolasionlacteun 4853 656 I 3490 6720 6720 6720 oo MDD W 3w
Rhizotrogus aestivus 5789 941 VI 5724 6720 5588 6720 2025 Ccmm 4).78 4)'2 4 0'30 0' 49 0'37 0'001
fd,‘;lh.’z‘.’””fm”’” 4867 584 V4086 — 3490 6552 2530ecm 080 020 024 051 038 0001
ilriewt 30-35em 083 -0.10 033 0.4 040 0.001
Stratiomyidae sp. 4464 582 V4074 - 3490 4074 4045cm 084 003 023 049 039 0001
Succinea oblonga 4133 737 IV 4029 - 3712 4345 45-50cm = -086 ~0.01 021 047 040 0.001
Trachelipus rathkii 4861 653 VI 4545 6720 4545 6720 EC 026 076 —045 038 0.12 0.001
Vallonia pulchella 4064 79 V3928 - 3490 39.88 Litter 0.70 -0.50 047 021 0.13 0.001
Vitrinia pellusida 4414 519 1 3490 5014 3490 5146 Plant 0.81 -0.27 0.52 0.01 0.06 0.001
Zonitoides nitidus 6312 1497 T 6720 — 61.26 6720 Temp —0.86 —0.05 —049 0.15 0.36 0.001
Note: model* — HOFJO-models: I — no significant trend in space or time; Il — an Phytoindication estimation of the edaphic factors
increasing or decreasing trend where the maximum is equal to the upper bound; If;l_;l 3)8646 8%2 _(?03(;) _(?%3 8§§ 8%%
III — an increasing or decreasing trend where the maximum is below the upper; g ' y ’ ' y
. . . . Rc -0.01 0.66 0.73 0.17 0.04 0.001
IV —increase and decrease by the same rate — symmetrical response curve; V —incre- gl 013 001 “o11 099 026 0,001
ase and decrease by different rates — skewed response curve; VI — bimodal symme- Ca 4) By 0'19 0 83 0 ;“ 0' 44 0'001
tric responses; VII — bimodal skewed responses; Opty, — optimum or minimum Nt 0 '73 0.04 ~025 063 042 0001
optimum in the case of the bimodal response; Opt,.x — maximum optimum in the Ae 091 017 0.08 037 030 0.001
case of the bimodal response; Outer borderi,,, — low border of the response curve; Phytoindication estimation of the climate factors
Outer bordery;e, —higher border of the response curve. Tm 046 0.18 046 074 011 0.001
For ordination procedure of the community with monotonic patterns, Om 025 040 038 079 0.18 0.001
L. . . Kn —0.80 -033 042 0.25 037 0.001
the more appropriate is RDA, and with unimodal patterns, the more ap- Cr 078 015 049 035 037 0.001
propriate procedure is CCA (ter Braak & Prentice, 1988). DCA revealed Lc ~0.69 ~046 ~0.03 055 032 0.001
that the length of the first axis gradient is more than two standard devia- Site effect
tions (4.88 in our case), which points to the appropriateness of applying Sites - - - - 0.65 0.001

the correspondence analysis (CA) and the constrained correspondence
analysis (CCA) as an ordination procedure. CA-ordination axes may be
explained by the hemeroby, soil variables, phytoindication estimation of
the edaphic factors, and the site effect (Table 3).

The first four CA-axes are able to explain 47.4% of the total commu-
nity variation. The CA-axis 1 is the most correlated with hemeroby, soil
penetration resistance on the all range of the depth studied, litter depth, soil
temperature and plant height. The phytoindication estimation of the eda-
phic factors reveals that CA-axis 1 is most dependent on the humidity
level, nitrogen content and aeration regime. The CA-axis 2 is the most
correlated with soil penetration resistance at depth 10-15, ... 25-30 cm,
soil electrical conductivity, litter depth, and plant height. The phytoindica-
tion estimation of the edaphic factors reveals that CA-axis 2 is most de-
pendent on the soil acidity level. The CA-axis 3 is the most correlated with
soil penetration resistance at depth 5-10, ... 1520 cm, and other soil pa-
rameters. The phytoindication estimation of the edaphic factors reveals
that CA-axis 3 is most dependent on the soil acidity level and carbonate
content. The CA-axis 4 is the most correlated with hemeroby, soil penetra-
tion resistance at depth 15-20, ... 45-50 cm, soil electrical conductivity,
and litter depth. The phytoindication estimation of the edaphic factors
reveals that CA-axis 4 is most dependent on the salt content and variation
of the humidity regime.

The HOFJO-approach showed that species responses to hemeroby
gradient are mainly bell-shaped (for which CCA is the best ordination
procedure). But the responses of many species are monotonic (for which
the RDA is the best ordination solution). The fractioning of the animal
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Note: Hd — the soil water regime, fH — the variability of damping, Ae — the soil aera-
tion, Rc — the soil acidity, Sl — the total salt regime, Ca — the carbonate content in soil,
Nt —nitrogen content in soil, Tm — thermoregime, Om — humidity, Cr— cryo-climate,
Kn—the continentality of climate, Lc — the lighting scale.

Residuals = 24.43
Values <0 not shown

a b c

Residuals = 0,720
Values <0 not shown

Residuals = Unexplained

Fig. 3. Variance partitioning between hemeroby, soil, edaphic, and climate
explanatory variables: @ — using chi square in constrained correspondence
analysis (CCA), b—using adjusted R-squared in redundancy analysis
(RDA); ¢ — the interpretation of the symbols: [a] — variation explained
solely by the hemeroby variable; [] — variation captured by soil variables
corresponds to pure soil effect; [c] — variation captured by phytoindication
estimation of the edaphic factors corresponds to pure edaphic effect;

[d] — variation explained by phytoindication estimation of the climate
variables corresponds to pure climate effect; [a]+H5] — variation explained
both by hemeroby and soil variables; [a}+c] — variation explained both by
hemeroby and the edaphic variables; [5]+{c] — variation explained both by
the soil and edaphic variables; [c}+{d] — variation explained both by
edaphic and climate variables; all the variance fractions shown
are significant (P <0.001)
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The hemeroby influence can explain 2.5% of the community varia-
tion (F = 54.04, P < 0.001, Table 4). The hemeroby influence with taking
into account of the conditional effect of the soil can explain 2.4% of the
community variation (F = 54.61, P < 0.001). Additionally taking into
account the effect on the community of the edaphic factors leads to de-
crease of the explained variation to the level 1.3% of the community varia-
tion (F = 28.64, P < 0.001). The hemeroby influence with taking into
account of the conditional effect of the soil, edaphic, and climate factors
can explain 1.1% of the community variation (F =28.9, P <0.001).

Table 4

Correlation between phytoindication estimation of the hemeroby
and CCA axes derived from the canonical correspondence analysis
of soil macrofauna community with hemeroby as predictor and soil,
edaphic and climatic variables as covariates (N =2100)

Regression models
CCA dependent: dependent:
s XY Rt plevel ] by s
constant  slope  constant slope
Hemeroby 074 054 5006 <0.001 4850 492 537 011
+Soil 072 052 4798 <0.001 4850 483 526 0.11

+Edaphic 039 015 19.17 <0001 4853 221 329 007
+Climate 031 010 1497 <0001 4852 181 261 005

CCA axis is actually a zoological scale of hemeroby (Fig. 4).
It strongly correlates with the plant scale of hemeroby (Table 5). Accoun-
ting for soil, edaphic and climatic variables as covariate reduces this corre-
lation, which indicates that the pattems of soil animal hemeroby are also
due to the transformation effect of the corresponding environmental factors.

35°230"E

35°2'20"E
L L

48°26'0"N

Animal hemeroby
e -251--148
O -147--0.50
Q -049-018
Q 019-096

O 097-1.50

5 150 M

Fig. 4. Variation in soil macrofauna community hemeroby level:
1-20 are investigated polygons

There was a regular change in the soil macrofauna community size
and diversity in the hemeroby gradient (Fig. 5). The limiting influence of
anthropogenic transformation of the environment on the abundance of soil
macrofauna community is clearty marked at the level of hemeroby above
average. Species diversity of the community is greatest at moderate heme-
roby level. Both relatively little transformed habitats and strongly transfor-
med ones are characterized by lower species richness of soil macrofauna
community. The Shannon index shows a clear upward trend with increas-
ing hemeroby. The Pielou index indicates that the main reason for this
trend is an increase in community evenness with increasing hemeroby.

Species scores along the CCA-axis reveal position of the species op-
timum within hemeroby gradient. Adding variables as covariate allow one
to test the effect of the corresponding variables on the generation of the
hemeroby patterns. If the position of the species along the axis changes
significantly when taking into account the influence of the variable as
covariates, then the hemeroby pattern for this species is due to the action of
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this variable. Species can be classified by means of cluster analysis based
on their optimal positions for different variants of the canonical correspon-
dence analysis (Fig. 6).

r=-045, p < 0.001

45 F

30 F o o

=035, p < 0.001 °

02
d

-6 -2 2

Fig. 5. Dependence of community abundance (), species diversity (b),
Shannon diversity (c) and Pielou evenness () on the soil macrofauna
hemeroby: the x-axis is the CCA-axis scores obtained as a result of ordina-
tion of soil macrofauna community by means of canonical correspon-
dence analysis with phytoindication scale of hemeroby as a predictor;
the y-axis: @ — community abundance (individuals per sample, logarithm
on the base 2); b — species diversity (logarithm of species number on the
base 2); ¢ — Shannon diversity index; d— Pielou evenness; the line indica-
tes the best approximation of the data cloud by the least squares method

‘We have identified six clusters that are sensitive to the influence of
various factors in the formation of hemeroby patterns. Members of cluster
1 are characterized by the lowest hemeroby and are not sensitive to the
role of environmental factors in the formation of hemeroby patterns.
Members of clusters 2-5 are practically not sensitive to the influence of
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soil properties in the formation of hemeroby patterns. The members of
cluster 6, which are characterized by the highest hemeroby, are affected by
all studied groups of environmental indicators, including soil properties.

Table 5

Variation explained by the hemeroby and hemeroby with
soil properties, edaphic and climatic factors as covariates
and species scores on the CCA-axis (optimum + SE)

Species Hemeroby, Soil*,  Edaphic**, Climate***,

pec R=0025 R=0024 R=0013 R=0011
Amara aenea 085+0017 0.77+0.018 —0.74+0.042 -022+0.025
A aulica 0.52+0017 0530016 0030022 0350021
A. similata ~0.73+0.009 —0.66+0.007 —0.17+0038 032+0038
Amarasp. (larv.) —098+0.014 —0.78+0.012 —061+£0.032 —1.67+0.041
Amphimallon assimilis ~ —0.89+0011 -098+0014 -020+0.018 —-048+0.023
A. solstitiale 1.04+0023 1.10£0025 051+0033 0.04+0016

Anisodactylus nemorivagus - 009+0.004 0.15+0.004 061+0015 051+0018

Aporrectodea rosea -0.09+0014 -008+0.014 004+0.025 026+0.025
A. trapezoides -0.10£0.019 —-0.09+0.019 -0.07+0.027 —0.06+0.029
Araneassp. 047+0030 048+0.030 023+0033 0.16+0.030
Athous haemorrhoidalis ~ —0.52+0.018 -043+0.019 —0.17+0.025 -022+0.024
Badlister bullatus -095+0.009 -0.87+0.010 -0.16+£0.016 0.04+0015
B. lacertosus 1.68+0011 1.63+£0011 153+0015 097+0015
Bembidion sp. 206+0023 196+0021 192+0038 1.51+£0031
Brachinus crepitans 1.05£0016 120+0016 093+0017 0.14+0.010
Brephulopsis cylindrica 0.70+0016 060+0.015 0.13+0.019 -026+0015
Calathus fuscipes 036+0018 020+0015 055+0.005 058+0.018
Carabidae sp. (larv.) 1.09+£0021 1.09+0020 0.04+0032 037+0.026
Cetonia aurata 067+£0025 0770027 050+0.025 028+0.021
Chondrula tridens 047+£0028 045+0026 036+0.034 025+0.036
Cochlicopa lubrica —0.56+0.020 -049+0.018 —0.70+£0.042 —0.73+0.053
Curculionidae sp. (larv.) 0.86+0019 092+0.019 -0.11+0.030 -0.04+0.027
Dendrobaena octaedra ~ —028+0.006 —0.33+0.006 057+0019 098+0.025
D. veneta -0.52+0.016 -033+0.015 -0.17£0.014 -0.54+0.017
Dendrodrilus rubidus —-0.85+0.007 -0.94+0.008 —1.33+£0.022 -0.83+0.022
Discus ruderatus -051+0.014 -0.51+0.013 -0.51+0.040 -023+0.038
Dorcadion carinatum 1.03£0020 1.01+0.022 -0.09+0.030 007+0.018
Eisenia fetida —0.61£0.006 —0.68+0.004 —0.62+0.030 —0.09+0.030
Agriotes sputator 0.65+0015 0.63+0.014 -0.10+£0.026 -0.16+0.017
Enchytraeidae sp. -021+0.006 -025+0.006 026+0.021 057+0023
Geophilus proximus 0.16+£0022 0.16+£0.021 025+0.029 0.19+0.030
Harpalus affinis 137+£0016 142+0016 024+0.037 057+0.028
H flavescens 0.77+0008 0.67+0.008 0.26+0.005 -020+0.007
H griseus -0.89+0.010 -0.80+0.010 -0.99+0.032 —047+0.034
H. rufipes 0.14+£0020 0.19+0019 -0.16+0.025 0.15+0.027
Noctuidae sp. (larv.) 0250026 020+0026 025+0.029 0.17+0.027
Limacus maculatus 0.67+0030 0.63+0.030 093+0.042 066+0.035
Lithobius curtipes —1.59+0014 —1.53+0.015 -0.83+0.017 -0.39+0.013
Lumbricus rubellus -0.15£0.016 —0.15+0017 000+0.023 0.01+0.027
L. terrestris -0.87+0.006 -0.92+0.007 —-129+0.017 -0.85+£0.016
Megaphyllum rossicum 1.17£0025 121+0025 057+0.031 049+0.030
Melanotus brunnipes —0.75+0.008 —-0.81+0.009 —1.09+£0.028 -0.67+0.024
Melolontha melolontha 1.03+0024 1.02+£0024 037+0.032 029+0.022
Octodrilus transpadanus -~ —0.93+0.010 —1.05+£0.013 -0.35+0.014 -036+0.020
Octolasion lacteum 025+0022 026+0023 0.11+0026 006+0.032
Ophonus azureus 098+£0011 096+0.012 -0.58+0.045 -0.02+0.026
O. brevicollis 0940026 1.04+0028 041+0.025 -0.10+0.019
O. punctatulus -006+£0.004 0.02+0004 020+0010 147+0013
Pachimerium ferrugineum ~ 1.30+0013  141+£0.013 0.06+0015 049+0.014
Rhizotrogus aestivus 1.12+0017 1.16£0022 0.68+0.025 0.11+£0018
Schizothuranius dmitriewi  027+0.020 020+0.021 020+0.027 0.00+0.030
Staphilinus caesareus 0.05+0021 001+0021 0.17+0025 001£0.025
Staphifinus sp. —1.59+0011 —1.36+0.011 -0.83+0.013 -029+0.009
Stratiomyidae sp. -031£0.015 -032+0016 0.05+0.029 -028+0.033
Succinea oblonga -092+0.017 -0.80+0.015 —0.77+£0.037 —1.28+0.052
Therevidae sp. 1.05£0024 1.16+£0025 0.75+0.025 007+0.014
Trachelipus rathkii 036+0025 035+0024 0.19+0.032 0.16+0.030
Vallonia pulchella -096+0.016 —0.84+0.015 —0.93+£0.036 —1.30+0.049
Vitrinia pellusida —-0.63+0.014 -0.55+0.013 -0.68+0.036 —-047+0.041
Zabrus spinipes 121+£0013 1.04+0012 085+0016 031+0.011
Z. tenebrioides 049+0.005 041+0.006 —0.06+0.006 —0.52+0.008
Zonitoides nitidus 1.75+0023 1.72+£0023 1.15+0039 1.08+0.035
Zacheus lupatus 220+0018 149+0.038 1.60+0.067 122+0.058

Notes: * — hemeroby as predictor and soil as covariate, ** — hemeroby as predictor
and soil and edaphic as covariates, *** — hemeroby as predictor and soil, edaphic,
and climate as covariates.
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Fig. 6. Cluster analysis of species based on their optimal positions
along the CCA axis with different combinations of environment
factors as covariate

On the basis of the relation to the hemeroby factor, species in the clus-
ters are classified into the following ecological groups: mega-hemeropho-
bes, hemerophobes, sub-hemerophobes, hemi-hemerophiles, sub-hemero-
philes, hemerophiles (Fig. 7).

Sites were classified into five clusters based on the scores of the
CCA-axes, which corresponded to the levels of hemeroby estimated by
vegetation cover (Fig. 7). Cluster 1 corresponds to the sites with the lowest
anthropogenic transformation level, while cluster 5 corresponds to the sites
with the highest anthropogenic transformation level. Clusters can be
placed according to the levels of homogeneity: cluster 1 — H2 Ahemerob-
ic, cluster 2 — H3 Mesohemerobic, cluster 3 — H4 Mesohemerobic, cluster
4 — H5 Mesohemerobic; cluster 5—H6 Alpha-euhemerobic.

1.9
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03 -

1 2 3 4

Fig. 7. Averaged positions for clusters of an optimum zone on CCA-axes
with different combinations of environment factors as covariate:
the abscissa axis: / — CCA results with hemeroby as a predictor;

2 —also with soil variables as covariates; 3 —also with edaphic predictors
as covariates; 4 —also with climate predictors as covariates; ordinate axis
is averaged value of optimums of species, which are included in the
corresponding cluster; species clusters: / — mega-hemerophobes;

2 —hemerophobes; 3 — sub-hemerophobes; 4 — hemi-hemerophiles;

5 — sub-hemerophiles; 6 —hhemerophiles

Soil animal species can serve as indicators of hemoroby levels
(Table 6). For level H2 ahemerobic there are 11 indicator species, for level
H3 mesohemerobic there are 7 indicator species, for level H4 mesoheme-
robic there are 7 indicator species, for level HS mesohemerobic there are
12 indicator species, for level H6 there are 17 indicator species. There is a
correspondence between the levels of hemeroby of biotopes and types of
species responses to hemeroby (Fig. 8). Biotopes with H2 and H3 heme-
roby levels are represented by mega-hemerophobes and hemerophobes
(Table 7). The difference between these levels is quantitative: mega-
hemerophobes prevail in H2 ahemerobic conditions, while in H3 meso-
hemerobic conditions there is almost equal ratio between mega-hemero-
phobes and hemerophobes. Sub-hemerophobes predominate in H4 meso-
hemerobic condition. Hemi-hemerophiles predominate in HS mesoheme-
robic condition. Sub-hemerophiles predominate in H6 alpha-euhemerobic
and hemerophiles are represented only in these conditions.
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Fig. 8. Values of phytoindication estimates of hemeroby for clusters
of soil macrofauna: the x-axis is the cluster of soil macrofauna
(1 —H2 ahemerobic, 2 — H3 mesohemerobic, 3 — H4 mesohemerobic,
4—HS mesohemerobic; 5 — H6 alpha-euhemerobic),
the y-axis is the phytoindication estimation of hemeroby

Discussion

The phytoindicator assessment of the degree of hemeroby indicates
that within the studied park ecosystems the levels of anthropogenic trans-
formation from low to above the average are represented. It can be assu-
med that the hemeroby is also reflected in the properties of the soil macro-
fauna community. The total abundance of the community, its diversity
and structure may be aspects of the response to the hemeroby. Structural
reconstructions of a community under the influence of an anthropogenic
transformation may be due to different sensitivity of species to such ef-
fects. Soil macrofauna is a very numerous component of urbanized eco-
systems. Our results show that the abundance of soil macrofauna is on
average 369 ind/m’. This level is higher than that of natural ecosystems
which are close to the Dnipro city. Thus, in poplar-willow forest in the
floodplain of the River Dnipro the abundance of soil macrofauna was
91.4+ 202 ind/m’ (Zhukov et al., 2019), in deciduous woodland — 197.8
+27.9 ind./m? (Zhukov et al., 2018), in deciduous forest — 321.5+ 43.2
ind/m?* (Dubinina, 2018), in floodplain oak forest — 1784 % 26.9 ind./m’
(Zhukov et al., 2018). The decrease in the abundance of soil macrofauna is
typical for high levels of ecosystem hemeroby, while ecosystems close to
natural regimes are characterized by a wide range of community abun-
dance variation. Thus, with high levels of hemeroby, the abundance of soil
animals decreases, however, the opposite is not true: the fact of decrease
in abundance can be due to both hemeroby and other reasons.

Detritivores have been used for landscape stress indications (Paoletti
& Bressan, 1996; Paoletti, 1999b, 1999a; Paoletti et al., 2007; Paoletti &
Hassall, 1999). Earthworms are a typical component of urban soil fauna
and are generally considered as beneficial organisms to improve soil re-
gimes for plant growing (Té6th et al., 2020). The earthworms constitute the
basis of the park’s soil macrofauna community. They predominate in the
community in abundance and are represented by 10 species. It is impor-
tant to note that among the earthworms the endogeic forms predominate
and the abundance of epigeic forms is very small. Such feature is quite
consistent, as the litter block of the ecosystem is most exposed to anthro-
pogenic impact. The soil environment has protective properties and en-
sures the existence of a large and diverse community even at relatively
high levels of anthropogenic impact. Anecic earthworms (Octodrilus
transpadanus and, to a lesser extent, Lumbricus terrestris) have an impor-
tant indicative value. These species are sensitive to the integrity of the
entire soil cover from litter to deep layers. Therefore, anecic can be indica-
tors of the remnants of the most preserved natural communities. Earth-
worms, particularly anecic, perform important ecological functions. Earth-
worms make a significant contribution to soil infiltration (Ehlers, 1975).
The role of anecic species in enhancing soil infiltration is most important
(Bouché & Al-Addan, 1997). The soil infiltration rate was found to be
correlated to earthworm biomass, burrow length, surface and volume, but
not with burrow diameter, hydraulic tortuosity or with earthworm number
and soil profile depth (Bouché & Al-Addan, 1997; Capowiez et al., 2014;
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Jouquet et al., 2008). The water stability of soil aggregates is significantly
increased as a result of earthworms’ activity (Griffiths et al., 2018). In turn,
an increase in the level of hemeroby has a negative impact on the imple-
mentation of relevant ecosystem services performed with the participation
of soil animals.

Table 6
Indicator values of species for hemeroby levels identification
. Hemeroby levels

Species 3 @ 5 16 Stat  p-value
Amara aenea 0 0 0 1 0 026 0.001
A. aulica 0 0 0 1 0 020 0.001
A. similata 0 0 1 0 0 007 0325
Amara sp. 1 0 0 0 0 016 0.001
Amphimallon assimilis 0 1 0 0 0 032 0001
A. solstitiale 0 0 0 0 1 048 0.001
Anisodactylus nemorivagus 0 0 1 0 0 0.08 0.103
Aporrectodea rosea 0 0 1 0 0 0.61 0.001
A. trapezoides 0 0 1 0 0 056 0.001
Aranea sp. 0 0 0 0 1 028 0.001
Athous haemorrhoidalis 0 1 0 0 0 024 0.001
Badister bullatus 0 1 0 0 0 019 0001
B. lacertosus 0 0 0 0 1 0.19 0.001
Bembidion sp. 0 0 0 0 1 032 0.001
Brachinus crepitans 0 0 0 0 1 030 0.001
Brephulopsis cylindrica 0 0 0 1 0 044 0.001
Calathus fuscipes 0 0 1 0 0 008 0.138
Carabidae sp. 0 0 0 0 1 0.18 0.001
Cetonia aurata 0 0 0 0 1 0.08 0202
Chondrula tridens 0 0 0 0 1 035 0.001
Cochlicopa lubrica 1 0 0 0 0 0.82  0.001
Curculionidae sp. 0 0 0 1 0 014 0012
Dendrobaena octaedra 0 0 1 0 0 042 0.001
D. veneta 0 1 0 0 0 027 0001
Dendrodrilus rubidus 1 0 0 0 0 037 0001
Discus ruderatus 1 0 0 0 0 056 0.001
Dorcadion carinatum 0 0 0 1 0 027 0.001
Eisenia fetida 1 0 0 0 0 0.16 0.001
Agriotes sputator 0 0 0 1 0 0.13  0.005
Enchytraeidae sp. 0 0 1 0 0 039 0.001
Geophilus proximus 0 0 1 0 0 037 0.001
Harpalus affinis 0 0 0 0 1 033 0.001
H. flavescens 0 0 0 1 0 009 0034
H. griseus 1 0 0 0 0 010 0.107
H. rufipes 0 0 1 0 0 0.13  0.062
Noctuidae sp. 0 0 1 0 0 019 017
Limacus maculatus 0 0 0 0 1 022 0.001
Lithobius curtipes 0 1 0 0 0 0.14  0.003
Lumbricus rubellus 0 0 1 0 0 053 0001
L. tervestris 1 0 0 0 0 0.14 001
Megaphyllum rossicum 0 0 0 0 1 0.52  0.001
Melanotus brunnipes 1 0 0 0 0 036 0.001
Melolontha melolontha 0 0 0 0 1 032 0.001
Octodrilus transpadanus 0 1 0 0 0 0.52  0.001
Octolasion lacteum 0 0 0 1 0 039 0.001
Ophonus azureus 0 0 0 1 0 0.13  0.019
O. brevicollis 0 0 0 0 1 0.15 0.002
O. punctatulus 0 0 1 0 0 010 0024
Pachimerium ferrugineum 0 0 0 0 1 0.14  0.002
Rhizotrogus aestivus 0 0 0 0 1 035 0.001
Schizothuranius dmitriewi 0 0 0 1 0 032 0.001
Staphilinus caesareus 0 1 0 0 0 0.16 0496
Staphilinus sp. 0 1 0 0 0 012 0007
Stratiomyidae sp. 1 0 0 0 0 023 0.006
Succinea oblonga 1 0 0 0 0 062 0.001
Therevidae sp. 0 0 0 0 1 0.18 0.001
Trachelipus rathkii 0 0 0 1 0 026 0.133
Vallonia pulchella 1 0 0 0 0 071 0001
Vitrinia pellusida 1 0 0 0 0 041 0.001
Zabrus spinipes 0 0 0 1 0 010 0029
Z. tenebrioides 0 0 0 1 0 011 0012
Zonitoides nitidus 0 0 0 0 1 043 0.001
Zacheus lupatus 0 0 0 0 1 023 0.001

Centipedes, millipedes and terrestrial isopods were used for evalua-
tion of the habitat naturalness (Tuf & Tufova, 2008). Standardised samp-
ling of soil epigean arthropods were used in environmental assessment for
conservation status of the protected areas (Borges et al., 2005). The preva-
lence of the soil layer over the litter layer is emphasized by the ratio of the
endogeic Geophilomorpha to the epigeic Lithobiomorpha. The low abun-
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dance of the litter dwelling M. rossicum should also be noted. Thus, both
in the structure of earthworm and centipede communities, we see the
predominance of soil dwelling forms over litter dwelling forms, which is
the direct consequence of anthropogenic ecosystem transformation. As in
our study, the urbanization was shown to be followed by a reduction in the
species and functional diversity of millipedes (Bogyd et al., 2015; Téth &
Hormung, 2019).

Table 7

The correspondence between the levels of hemeroby and types
of responses of species to the hemeroby (the number of species
with the corresponding type of response that are indicators

of the respective level of hemeroby)

Types of responses of species to the hemeroby *

Hemeroby levels

1 2 3 4 5 6
H2 Ahemerobic 6 5 - - - - 11
H3 Mesohemerobic 2 5 - - - - 7
H4 Mesohemerobic - - 7 - - - 7
H5 Mesohemerobic - - 2 9 1 - 12
H6 Alpha-euhemerobic  — - 3 - 10 4 17
Total 8 10 12 9 11 4 54

Note: 1 — mega-hemerophobes; 2 — hemerophobes; 3 — sub-hemerophobes; 4 —
hemi-hemerophiles; 5 — sub-hemerophiles; 6 — hemerophiles.

Woodlice are herpetobiont saprophages, which are important decom-
posers of leaf litter and represented by two species, of which the most
abundant is Trachelipus rathkii. The recolonization of woodlice into the
urban habitats is considerably restricted due to their lower trophic level
(Nagy et al.,, 2018). The woodlice are very sensitive to the decreasing
quantity and changes in the quality of leaf litter resulting from various land
use practices (Souty-Grosset et al., 2005). This and other features of the
biology of terrestrial isopods make them appropriate organisms for assess-
ing ecosystem sustainability (Paoletti & Hassall, 1999).

The soil insect community is characterized by high diversity. The lit-
ter dwelling Carabidae family is diverse and consists of 28 species, of
which A. aenea dominates. Carabid beetle response to urbanisation was
demostrated to be useful to evaluate the importance of urban woodlands to
serve as hot-spots for biodiversity conservation (Croci et al., 2008). The
Staphylinidae family is represented by 6 species, of which the most nu-
merous is S. caesareus. It should be noted that four Staphylinidae species
(Staphylinus caesareus, Drusilla canaliculata, Philonthus intermedius,
and Xantholinus longiventris) were identified as being eudominants of the
urban ceonosis of Dnipro city. It was revealed that both carabid abun-
dance and species richness demonstrate a tendency to increase from the
city centers to the rural surroundings (Niemeld, 1999; Niemela et al., 2002;
Niemeld & Kotze, 2009) and rove beetles species richness increased signi-
ficantly with decreasing urbanization (Simon et al., 2013; Magura et al.,
2013). It should be noted that hand sorting sampling is not the best method
to take into account the species richness of herpetobiont animals. More
complete species lists of the litter dwelling soil insects in the ecosystems of
Dnipro city is presented in work where soil traps were used (Brygadyren-
ko, 2016; Putchkov et al., 2019; Komaromi et al., 2019). But the ground-
dwelling spider species richness was found to be significantly higher in the
urban sites compared to the suburban and rural ones, which was due to the
increase in the number of species in urban areas that preferred open habitat
(Magura et al., 2010). The carabid and staphylinid communities revealed
that removal of decaying wood as a result of the direct anthropogenic
habitat transformation favours open-habitat specialists (Deichsel, 2006).
The response of different functional groups of carabids to urban-rural
gradients may help to develop simple tools and protocols for assessing
ecological effects of human-caused landscape changes (Niemeli et al.,
2000).

In spite of the higher species richness of the herpetobiont insect com-
munity, which is represented mainly by adults, soil dwellers at the larval
stage are more numerous among the insects. There are numerous mem-
bers of the Melolonthidae family, which is represented by only 4 species.
Soil larvae C. carinatum, A. haemorrhoidalis, S. longicornis and A. clavis
are abundant. It should be noted that while herpetobiont insects are
represented mainly by predatory forms, soil insect larvae are mainly phy-
tophagous. The trophic levels may be a crucial driver of the responses to
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urbanization. Urbanization was suggested to have a less harmful effect on
predators (Nagy et al., 2018). Our results support this assumption.

The mollusc community is diverse and numerous. This group has a
high bioindication ability (Kunakh & Kovalenko, 2019; Kunakh et al.,
2018; Yorkina et al., 2018, 2019). In the ecosystems studied 11 species of
molluscs were found, among which the most numerous are D. ruderatus,
C. lubrica and Ch. tridens.

One of the mechanisms for influencing urbanization is homogeniza-
tion of the physical and natural environment environment, which favours
the spreading of “urban-adaptable” species (McKinney, 2006) and these
landscape patterns induced by urbanization are similar across the world
(Niemeld & Kotze, 2009). Soil animal species show regular patterns of
response to the gradient of hemeroby regimes. Hemeroby is an important
structural factor, so there are very few species that do not show a consis-
tent pattern of response to anthropogenic ecosystem transformation. Spe-
cies that occupy boundary positions in the gradient exhibit monotonic
response curve types. The most typical are unimodal response (symme-
trical and asymmetrical) and bimodal response (symmetrical and asym-
metrical). Unimodal response curves indicate the presence of optimal
hermometric conditions for some species, which are different from the
minimum anthropogenic load. It can be assumed that the anthropogenic
load at some level of exposure acts as a non-specific stress factor, which is
similar to natural stressors. Natural stressors are one of the reasons for the
diversity of communities, which is what we observe. We showed that
community diversity is greatest at an average level of community trans-
formation. The asymmetric shape of response curves can best be ex-
plained by the presence of biotic interactions. Hemeroby changes the
competitive advantages of species, affecting the efficiency of their interac-
tions. This explains the occurrence of more than one optimum zone.

Different hypotheses have been proposed to explain the response of
species to urbanization. The increasing disturbance hypothesis claims that
species richness monotonously decreases with the increasing levels of
disturbance (Gray, 1989). We have established that this hypothesis is only
valid for mega-hemerophobes and hemerophobes. These species mono-
tonically decrease in number or disappear from the community under
increasing conditions of hemerogeneity. For other species, this hypothesis
is not relevant. Other species form the largest part of the soil macrofauna
community, so this hypothesis does not explain the general pattem of
diversity variability in the gradient of hemeroby.

The intermediate disturbance hypothesis predicts that species richness
is the highest in the moderately disturbed suburban area (Connell, 1978).
Our results fully support this hypothesis with respect to species richness.
For the number of species, there is indeed a certain level of heterogeneity
at which the number of species is highest. For another aspect of diversity,
evenness, this pattern is not true. The evenness increases with increasing
habitat disturbance. This result is due to a decrease in the abundance of
dominant species.

The assessment of the pattern of species responses to environmental
gradients is important for choosing an adequate community ordination
procedure. The monotonic dependence indicates the adequacy of redun-
dancy analysis (Muller, 1981; Pélissier et al., 2003; Kleyer et al., 2012).
The nonlinear dependence of species response to environmental factors,
which can be explained by a bell-shaped curve, indicates the adequacy of
the application of canonical correspondence analysis (Palmer, 1993; Go-
defroid & Koedam, 2007; Li et al., 2019). Nonmetric multidimensional
scaling as a robust procedure should be considered as the optimal solution
in such a situation (Minchin, 1987; Shaw et al., 2019). However, in order
to solve the tasks we have set, it is important to have a partial ordination
procedure (Borcard et al., 1992), which was solved for canonical corres-
pondence analysis. Therefore, our application of different ordination tech-
niques is done with the understanding that these approaches do not always
fully correspond to the real nature of the mutual variability in species
abundance in a community.

Correspondence analysis is an indirect ordination method (Palmer,
1993). The axes selected as a result of this procedure point to the high role
of hemeroby in the structuring of the soil macrofauna community. Heme-
roby manifests itself in changing a number of properties of ecological
systems. Thus, the growth of the hemeroby is accompanied by an increase
in soil penetration resistances, which is quite expected, as recreation is an
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important aspect of hemeroby in urban park conditions. The increase in
hemeroby is followed by a decrease in litter thickness. This phenomenon
is also associated with the reduction of the litter dwelling component of the
soil macrofauna. Hemeroby increase is also indicated by the increase in
aridity of conditions. It should also be noted that hemeroby is not the only
factor that affects the variability of the soil macrofauna community. Ho-
wever, an increase in the intensity of the hemeroby factor is accompanied
by a consistent variability of natural factors. For example, the hemeroby is
associated with increased lighting in ecosystems, a decrease in humidity
levels, the content of available forms of nitrogen in soil, aeration and an
increase in the contrast of the humidification regime. Therefore, both spe-
cific reactions of soil macrofauna to anthropogenic impact and reactions to
the variability of natural ecological regimes are observed among the reac-
tions to hemeroby. Character of specificity is also not quite unambiguous.
It is more correct to consider the formulation that it is either a specific
reaction to the hemeroby, or that we are talking about the reaction of fac-
tors, not investigated in explicit form, that are correlated with hemeroby.
Urbanization radically changes the physical and chemical properties
of the soil (Lo & Marcotullio, 2000; Marcotullio et al., 2008), and has a
significant impact on the biota that inhabits the soil (Turbé et al., 2010;
Wall et al,, 2015). Urbanization generates a local disturbance gradient,
which in tum generates a biotic (McKinney, 2006) or ecological (Groff-
man et al., 2014) homogenization gradient. Hemeroby is an environmen-
tal factor of complex nature (Kowarik, 1990; Battisti et al, 2016).
The response of soil animal species to hemeroby is hierarchical. The anth-
ropogenic transformation of ecological systems, which leads to hemeroby,
embraces vegetation, soil, climatic regimes and also directly affects soil
animals. However, there is another point of view according to which the
greater diversity of habitats in urban and industrial areas promotes the
higher species diversity of urban ecosystems compared to neighboring
natural ones (Rebele, 1994). Under the conditions of low disturbance,
communities tend to be relatively stable. If a community is disturbed by
low intensity or frequency, more competitive species dominate. Commun-
ities with high intensity or frequency disturbances are generally unstable
and dominated by species that are less competitive but more adapted to a
dynamic environment (Wilson, 1994; McCabe & Gotelli, 2000; Rox-
burgh et al., 2004; Wood et al., 2017). The growth of the hemeroby of the
soil macrofauna is accompanied by a consistent transformation of soil co-
ver, vegetation and climatic regimes. This is, on the one hand, the reason for
the specificity of the response to the hemeroby by soil animals, and on the
other hand, the reason for the consistency of the response to anthropogenic
transformation with other ecosystem components. Soil animals are the
most sensitive to the transformation of the soil habitat. Animals most sen-
sitive to hemeroby are immediately eliminated in the presence of any forms
of negative impact and in this sense are not selectively sensitive to any an-
thropogenic impact. The soil performs a protective function for moderately
sensitive forms and they primarily respond to significant changes in the
edaphic and climatic regimes. Hemerobic-resistant forms are practically
ideal quantitative indicators of hemeroby, because with increasing anthro-
pogenic transformation they change their abundance almost linearly.

Conclusion

Hemeroby is a complex trend of transformation of various compo-
nents of ecosystems due to anthropogenic influence. This is the cause of
coordinated changes in soil, climate and communities of living organisms
under disturbance. However, the components of ecosystems have their
own specificity, so the clarification of this specificity makes it possible to
more fully assess the transformation of ecosystems in the gradient of
hemeroby. Species of soil macrofauna react differently to hemeroby, and
among them can be distinguished sensitive (ahemerobic), moderately
sensitive (mesohemerobic) and resistant (alpha-euhemerobic) to this fac-
tor. The different proportions of these species are characteristic of different
levels of hemeroby, which can be indicated by the soil macrofauna. He-
meroby is a factor of direct action on soil animals, and its action is me-
diated by the influence on soil and climatic regimes. Increase of soil hard-
ness and disturbance of the litter layer, deterioration of aeration regime and
soil fertility indicators are associated with increase of hemeroby, which
can also be indicated by the soil macrofauna.
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