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Introduction

Numerous studies have examined habitat preference and the effects
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The paper assesses the effect of transformation of soil physical properties on the abundance of micromolluscs in the conditions of an ur-
ban park. The studies were carried out in Novooleksandrivskiy Park (Melitopol, Ukraine). An experimental polygon was represented by
7 transects with 18 sampling points in each. The interval between the points in the transect, as well as the interval between transects, was
3 meters. The total area of the polygon was 1,134 m”. The tree species growing within the polygon were Quercus robur, Sophora japonica,
and Acer campestre. Shrubs were represented by Ulmus laevis, Tilia cordata, Celtis occidentalis, and Morus nigra. The locations of the trees
and shrubs were mapped. The crowns of tree and shrub plants formed a dense canopy and a shady light regime. The grass cover was practi-
cally absent. The soil mechanical resistance, soil aggregate-size distribution, electrical conductivity of soil, soil moisture and bulk density
were measured. We recorded 618 individuals of Vallonia pulchella, 120 individuals of Cochlicopa lubrica, and 58 individuals of Acanthinu-
la aculeata within the surveyed polygon. We extracted three principal components, which could explain 60.9% of the variation in the feature
space of the soil properties. The principal component 1 explained 42.0% of the variation of the feature space and depended on the soil pene-
tration resistance throughout the whole profile, aggregate composition, density, electric conductivity and moisture content of soil. This com-
ponent reflected a tendency for soil penetration resistance and soil density to increase near recreational trails. The principal component 1 was
used to indicate the gradient of recreational transformation of the soil. The principal component 2 was able to explain 10.6% of the variation
in the feature space. It negatively correlated with the distance from the recreational trail, soil penetration resistance at the depth of 35 cm or
more, soil electrical conductivity, and the proportion of aggregates greater than 3 mm in size. This component positively correlated with soil
penetration resistance at 05 cm depth and the proportion of aggregates less than 0.5 mm in size. This component can be interpreted as a
"halo" from the recreational trail, or a gradient of indirect soil transformations adjacent to the zone of intense recreational load. The principal
component 3 was able to explain 8.3% of the variation in the feature space. It positively correlated with soil penetration resistance at the
depth of 2040 cm, the proportion of 0.5-7.0 mm aggregates, and soil moisture. It negatively correlated with the proportion of aggregates
larger than 7 mm and smaller than 0.25 mm. This component indicated a variation in soil properties that was induced by causes independent
of recreational exposure. The extracted gradients of soil properties significantly influenced the abundance of micromollusc populations.
The abundance of all species decreased after increase in recreational load. Micromollusc species responded to direct recreational exposure as
plateau (C. lubrica) and asymmetric unimodal responses (V. pulchella and A. aculeata).
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the organic matter content of the topsoil, and the average annual tempera-
ture (Sulikowska-Drozd & Horsak, 2007). Litter moisture levels appear to
be particularly important for small litter-dwelling snails (Hylander et al.,

of environmental factors on snails at the macroscale level (Karlin, 1961;
Horsak & Hajek, 2003; Horsak et al., 2007; Sulikowska-Drozd & Horsék,
2007; Santos et al., 2012; Moreno-Rueda, 2014; Ksigzkiewicz & Goldyn,
2015; Balashov et al., 2020). The moisture and available calcium content
are the most important environmental factors controlling the species rich-
ness and composition of terrestrial mollusc communities (Cejka & Ha-
merlik, 2009; Brygadyrenko, 2014). Species richness and abundance of
terrestrial mollusc communities respond positively to available calcium or
soil pH (Warebom, 1969; Horsak, 2006). The moisture and ecosystem
productivity are essential ecological regimes structuring mollusc com-
munities (Chiba, 2007). The distribution of molluscs was discussed in
connection with litter moisture, shading, air humidity, ground water level
(Kuczynska & Moorkens, 2010; Nunes & Santos, 2012; Ksigzkiewicz
etal., 2013). At the landscape level, the calcium content in soil is the most
important environmental factor determining the qualitative and quantita-
tive characteristics of mollusc populations (Horsak & Hajek, 2003; Suli-
kowska-Drozd & Horsak, 2007). The amount of available calcium is a
factor related to vegetation and affects snail distribution (Karlin, 1961).
Also important gradients that affect clams are the thickness of leaf litter,

2005; Kuczynska & Moorkens, 2010; Jankowiak & Berard, 2013;
Ksigzkiewicz et al., 2013). The ratio between litter cover and herbaceous
vegetation has a significant effect on molluscs. The species richness of the
mollusc communities strongly depends on the litter diversity, as individual
mollusc species prefer the leaves of different tree species (Szybiak et al.,
2009; Ksiazkiewicz et al., 2013). A linear and bell-shaped relationship
between soil moisture and the number of land snail species was docu-
mented (Hettenbergerova et al., 2013). The vegetation cover is an impor-
tant factor that shapes the ecological conditions of molluscs (Stoll et al.,
2012). The classification of sites based on mollusc data is applicable to
vegetation data and vice versa. The vegetation composition is a more
important factor in explaining mollusc species variation than soil water
chemistry (Horsak & Hajek, 2003).

Studies of the microspatial distribution of mollusc species within a
site is of particular interest and practical importance (Nekola & Smith,
1999; Juiickova et al., 2008; Cemohorsky et al., 2010; Kuczynska & Mo-
orkens, 2010; Jankowiak & Bernard, 2013; Mysak et al., 2013; Hetten-
bergerova et al., 2013; Ksiazkiewicz et al., 2013; Schenkova et al., 2014;
Ksigzkiewicz-Parulska & Ablett, 2017; Kunakh et al., 2018). At the fine-
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scale level, the calcium content was a strong regulator of species composi-
tion, species richness, total community abundance, and individual species
abundance (Jufickova et al., 2008). The selection of favourable microhabi-
tats is one of the most effective mechanisms to avoid the extreme envi-
ronmental conditions (Cowie, 2009; Machin, 2009; Scheffers et al., 2014).
Land snail species tend to aggregate in the most favourable locations,
rather than replacing one species with another (Boycott, 1934; Hylander et
al., 2005; Horsak & Cernohorsky, 2008; Ksiazkiewicz-Parulska & Paw-
lak, 2016). To explain such patterns, there were proposed the hypotheses
of “nested habitats” and “nested habitat quality”. The “nested habitats”
hypothesis refers to situations where the nestedness of species depends on
a nestedness of discrete habitats. The nested habitat quality hypothesis
suggests that all species in a community increase in abundance along the
same ecological gradient, but differ in specialization or tolerance. This hy-
pothesis also assumes a weak inter- and intra-community competition
(Hylander et al., 2005).

According to Shelford’s law, a single factor has an effect when it is at
the minimum or maximum of that species’ tolerance zone (Shelford,
1911, 1931). In most cases, species do not respond to individual environ-
mental factors, but to complex gradients of different environmental factors
(Rydgren et al., 2003; de Fraga et al., 2018). Ecoclines, which can be
represented by the DCA ordination axes, are considered as the markers of
complex ecological gradients (Rydgren et al., 2003). To quantify complex
environmental factors, indirect measurements or phytoindication methods
are often used. Soil electrical conductivity is a reliable proxy measure of
soil mineral richness (Horsak, 2006). Elevation was used as a surrogate for
climate (Horackova et al., 2014). The Ellenberg indicator values (Ellen-
berg et al., 1992) obtained from vegetation samples were used as a proxy
for the soil moisture (Cejka et al., 2007; Cejka & Hamerlik, 2009), and
also for the light, soil moisture, soil reaction, and content of soil nutrients
(Horackova et al.,, 2014). Eutrophication was assessed using ecological
indicator values of vascular plants (Zarzycki et al., 2002) for assessment of
the microspatial distribution of molluscs (Ksigzkiewicz-Parulska & Ablett,
2017). Didukh phytoindication scales (Didukh, 2011) were used for the
analysis of the spatial distribution of the ecological niche of the land snail
Brephulopsis cylindrica in technosols (Zhukov et al., 2019).

Ecological gradients, which play an important role in the organization
of natural ecosystems, are being significantly altered by urbanization (Bry-
gadyrenko, 2015, 2016a, 2016b; Putchkov et al., 2019). This trend is
reflected in the concept of homogenization across urban areas (Groffiman
et al.,, 2014). The proliferation of non-native snail species in urban envi-
ronments can lead to biotic homogenization (Horsak et al., 2013). In the
urban gradient of habitat degradation, there is a gradual decrease in the
species richness of snail communities, especially regarding rare and anth-
ropophobic species. The natural habitats are of particular importance for
the maintenance of snail diversity in the urban environment (Horsék et al.,
2009). In urban environments, habitat type has a strong influence on the
diversity of terrestrial mollusc communities (Lososova et al., 2011). The
coherence between environmental factors, which in natural conditions
forms the specificity of the action of complex environmental gradients, is
transformed by homogenization in the urban environment. Artificial urban
soils, which contain large amounts of Ca minerals, have a high potential
for C accumulation followed by sequestration of atmospheric C in the soil
matrix in the form of calcium carbonate (Seiftitz, 1990; Renforth et al.,
2009; Jorat et al., 2020). Urbanization leads to alkalinization of the soil due
to input of some alkaline ions, such as calcium ions (Ca*") or sodium ions
(Na) (Lovett et al., 2000; Pouyat et al., 2008). Urbanization leads to an
increase in pH, stock of carbonates and organic matter in soils (Asabere et
al., 2018). Thus, urbanization affects environmental factors that are essen-
tial for terrestrial molluscs. However, if in natural conditions, soil electrical
conductivity can be a proxy for edaphotope trophicity (Zhukov et al.,
2016), then in an urban environment it is a marker of anthropogenic soil
salinization as a result of applying antifreeze to roads (Smagin et al., 2006;
Yurkova et al., 2009; Korchagina et al., 2014; Vasenev et al., 2017). Phy-
toindication scales of different authors were developed for the natural eco-
systems. The possibility of their use for indication of natural gradients in
the urban environment is not fully justified (Goncharenko & Yatsenko,
2020). Hemeroby gradient occurs in the urban environment as a result of
smoothing of natural gradients. It should be noted the difficulty of indica-

ting hemerobia by traditional methods (Yorkina, 2016; Yorkina et al.,
2019). Hemeroby is a degree of deviation of ecological conditions from
the natural state (Hill et al., 2002). This deviation can result from the vari-
ous anthropogenic influences, including recreation (Ihtimanski et al,
2020). Organisms with low dispersal capacity, such as snails, are very
susceptible to anthropogenic activities. Micromolluscs (<5 mm in diame-
ter) are often more vulnerable to disturbance because of their very limited
mobility and dispersal, and their high dependence on microenvironmental
conditions (Baur & Baur, 1988). Therefore, land snails are a good indica-
tor for assessing the impact of urbanization (Strém et al., 2009). Terrestrial
gastropods, especially snails, can be used as the potential bioindicator
organisms for assessing the environmental quality and thus for predicting
the potential hazards to human health (El-Gendy et al., 2021). Anthropo-
genic disturbances play a crucial role in shaping the species diversity and
community structure of terrestrial snails (Douglas et al., 2013).

Urbanization has many forms and recreational load is an important
aspect of anthropogenic influence in the urban environment. A change in
the physical properties of soil is an important result of recreational load.
However, the effect of soil physical properties on micromolluscs under
conditions of urbanization has hardly been studied. Therefore, the objec-
tive of our article was assessing the effect of transformation of soil physi-
cal properties on the abundance of micromolluscs in the conditions of an
urban park.

Materials and methods

An experimental polygon was located in Novooleksandrivskiy Park
(Melitopol, Ukraine) and represented 7 transects with 18 test points in
each (Fig. 1). The interval between points in the transect, as well as the
interval between transects, was 3 meters. The total area of the polygon was
1,134 m?. The composition of tree species growing in the polygon inclu-
ded Quercus robur (1 ind., trunk diameter 103 cm), Sophora japonica
(11 ind., trunk diameter 39.2 + 6.3 cm), and Acer campestre (2 ind., trunk
diameter 32.5 = 3.5 cm). Shrubs were represented by the Ulmus laevis
(1 ind., trunk diameter 14 cm), Tilia cordata (3 ind., trunk diameter 13.0 +
2.1 em), Celtis occidentalis (13 ind., trunk diameter 10.2 = 0.7 cm), and
Morus nigra (1 ind., trunk diameter 7.0 cm). The crowns of tree and shrub
plants formed a dense canopy and a shady light regime. The grass cover
was practically absent. The litter was fragmentary and did not form a con-
tinuous cover, no more than 1 cm thick. There were 4 recreational trails
with a total length of 56.8 m within the polygon. The width of the trails,
marked by a zone of highly compacted soil surface, was approximately
1 meter. The surface covered by the recreational trails was 5.2% of the
polygon area. The distance of the test point from the nearest tree and the
nearest distance of the test point from the recreational trail were used as
specific predictors.

Sampling was conducted in October 2020. At each sampling point, a
soil sample of cylindrical shape (diameter — 9 cm, height — 8 cm, volume
~ 500 cm®) was taken from the surface to a depth of 8 cm. From this sam-
ple, 10 soil sub-samples weighing 10 grams were taken. Each sample was
examined with a dissecting needle to collect micromolluscs (Yorkina
etal.,2018).

The soil mechanical resistance was measured in the field using the
Eijkelkamp manual penetrometer, to a depth of 50 cm at 5 cm intervals.
The average error of the measurement results of the device was + 8%.
Measurements were made using a cone with a cross section of 1 cm’.
At each measurement point, the soil mechanical resistance was measured
in only one replication. Soil aggregate-size distribution was determined in
accordance with the Soil Sampling and Methods of Analysis Recommen-
dations (Kroetsch & Wang, 2008). To measure the electrical conductivity
of soil in situ, we used an HI 76305 sensor (Hanna Instruments, Wood-
socket, R. 1), working in conjunction with a portable instrument
HI993310. The tester estimates the total electrical conductivity of the soil,
i.e. combined conductivity of soil air, water and particles (Yorkina et al.,
2018). Soil moisture was measured in the field conditions using a dielec-
tric digital moisture meter MG-44 (vlagomer.com.ua). The core method
was used for measurement of the soil bulk density (Al-Shammary et al.,
2018). The descriptive statistics were calculated using the program Statis-
tica (Statsoft). The Kaiser-Meyer-Olkin index (KMO) was applied to
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assess the adequacy of the collected data for the application of principal
component analysis (Kaiser, 1970, 1974; Kaiser & Rice, 1974). The KMO
calculation was performed in the library REdaS (Maier, 2015). The prin-
cipal component analysis was performed using the princomp function.
The optimal number of principal components was estimated using the
Hom’s parallel analysis (Hom, 1965), performed in the library paran
(Dinno, 2018).

The principal component scores were used as integral markers of
the environment properties gradients. Huisman-Olff-Fresco (HOF)
(Huisman et al., 1993) models were used to explain the responses of
species to environmental gradients. Huisman-Olff-Fresco (HOF) mod-
els allow achievement of statistical correctness, flexibility and possibili-
ty of ecological interpretation for modeling the responses of species to
environmental gradients (Michaelis & Diekmann, 2017). They were
first developed by Huisman et al. (1993) as a set of the five hierarchical
models with an increasing complexity. The following types of models
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were identified: no response (I), increasing or decreasing response with-
out (II) or with (III) a plateau, and asymmetric (IV) and symmetric (IV)
unimodal responses. This list of models was extended to include seven
ecological models (Jansen & Oksanen, 2013). In addition to the five
model types mentioned above, bimodal asymmetric (VI) and symme-
tric (VII) response forms were included to deal with species that are
constrained to the extreme gradient values due to competition. The
parameters of the ecological niche of species can be calculated using the
models and be used for further analysis (Michaelis & Dickmann, 2017).
To improve simulation results, model selection stability was tested
using bootstrapping (100 samples, default package setting) to ensure
model robustness, and using Akaike’s information criterion corrected
for small data sets (AICc, default setting) (Burmham & Anderson,
2002). In cases where the two procedures differed in choosing the best
type of model, the bootstrapping model was preferred (Michaelis &
Diekmann, 2017).
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Fig. 1. Novooleksandrivsky Park (Melitopol) and experimental polygon: crosses show sampling points;
circles show location of the trees and bushes within the polygon; x-axis and y-axis are the local coordinates of the polygon
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The response of species to an environmental gradient (shape of the re-
sponse curve) is represented by the seven different typical models within
the HOF approach. The Index of Qualitative Variation (IQV) was calcu-
lated as an evaluation of the stability of the model form. This index takes a
value of zero if all repeated runs result in the same model shape, while it
takes a value of one if all model types are chosen equally often (Mueller &
Schuessler, 1962). The index was calculated as:

1- Zi:n pzz

% X(n-1)

where 7 is the number of model types, p is the proportion for each models
(Michaelis & Diekmann, 2017).

The following parameters of the ecological niche were calculated ba-
sed on response models: species optimum, maximum slope, inflection,
central borders and outer borders. The species optimum describes the hig-
hest probability of occurrence of the species along the environment gradi-
ent. The maximum slope corresponds to the maximum value of the first
derivative of the species response curve. The outer and central borders are
given by the distance from the optimum that is needed for the response
curve to drop a certain amount, i.e. these parameters represent the rate of
decrease in the response in both directions from the optimum independent
of each other. The central borders are calculated as the gradient values,
where the response reaches “exp(—1/2)” of the top. The outer borders of
the species niche are calculated as the gradient values, where the response
reaches exp(—2) of the top (Heegaard, 2002). The Huisman-Olff-Fresco
models were computed using the statistical program R (v. 3.6.3; R Deve-
lopmental Core Team) (R Core Team, 2020), with the package “eHOF”
(version 1.9) (Jansen & Oksanen, 2013).

Qv =

Results

The records revealed 618 individuals of Vallonia pulchella (Miiller,
1774), 120 individuals of Cochlicopa lubrica (Miiller, 1774), and 58 indi-
viduals of Acanthinula aculeata (Miiller, 1774) (Table 1). The level of va-
riation in abundance of V. pulchella and Cochlicopa lubrica was not statis-
tically significantly different (F = 1.16, P = 0.42). The level of variation in
A. aculeata abundance was higher compared with the other two.

The soil penetration resistance increased with depth up to 25-30 cm,
after which this index did not change significantly with depth (Table 2).
The coefficient of variation of soil penetration resistance decreased with

depth down to the 35-40 cm layer, after which this index practically did
not change with depth. The skewness of the distribution of soil penetration
resistance changed from positive to negative with increasing depth of the
soil layer. The microaggregates (sized less than 0.25 mm) dominated
among the aggregate fractions. A relatively high proportion of mac-
roaggregates (aggregates larger than 10 mm) should also be noted.

Table 1
Descriptive statistics of the micromollusc populations

Abundance, individuals

Speci Per 100 gr of soil sample CV, Skewness Kurtosis
PSS qum mean  mini-  maxi- %  +SE  +SE
+SE mum mum

Vallonia 490 153 127
pulchella % toe0 © #0169 L0m ros3
Cochlicopa 095 1.96 4.18
lubrica 120 4010 O T o som
Acanthinula 046 175 186
aculeata B s © 3BT Lom o wos

The coefficient of variation of the proportions of aggregate fractions
was in the range of 13.7-37.3%. The soil electrical conductivity ranged
0.03 to 0.11 dSm/m, which was much less than the critical level that was
considered to be 2.0 dSm/m for the urban soils. The soil moisture content
varied in the range of 6.1-11.4%. The range of soil density variation was
0.96-135 glenr. The distance of sample points fiom trees was in the
range of 0.32-8.59 m, and fiom recreational trails — 0.00-10.18 m.
It should be noted that there was a statistically significant negative correla-
tion between these parameters (r = 0.41, P <0.001). Three principal com-
ponents were extracted as a result of principal component analysis of the
soil properties, which could explain 60.9% of the variation in the feature
space (Table 3). The principal component 1 explained 42.0% of the varia-
tion of the feature space and depended on the soil penetration resistance
over the whole profile, aggregate composition, density, electric conduc-
tivity and moisture content in soil. This component reflected a tendency
for soil penetration resistance and soil density to increase as recreational
trails were approached. This trend was also associated with a decrease in
the soil moisture and electrical conductivity, as well as an increase in the
proportion of aggregates larger than 10 mm and smaller than 0.5 mm.
Obviously, the principal component 1 indicates the gradient of recreational
transformation of the soil.

Table 2
Descriptive statistics of the soil properties and distances from the trees and from the recreational trails
Variables Mean +SE Minimum Maximum CV,% Skewness + SE Kurtosis + SE
Soil penetration resistance at a depth of, cm in MPa
0-5 297+0.09 1.10 5.80 33.71 0.77+022 0.02+043
5-10 472+0.12 2.60 8.00 28.65 0.62+022 -0.63+043
10-15 6.10£0.14 340 9.67 25.13 0.38+0.22 -0.68+043
1520 6.93+0.14 4.00 9.86 2224 0.13+022 -094+043
20-25 767+0.12 4.60 9.87 18.19 —044+022 -0.72+043
2530 8.19+0.11 5.00 10.00 14.62 -0.60+0.22 -0.34+043
30-35 8.35+0.08 5.80 990 11.09 -0.62+0.22 0.03+043
3540 8.66+0.08 6.00 10.60 10.87 -0.62+0.22 034+043
40-45 848+0.09 594 10.04 11.67 -0.76+022 0.01+043
45-50 8.17£0.09 5.60 9.86 11.71 —0.76+0.22 0.05+043
Aggregate fiaction, in %
>10mm 1125+£037 262 20.75 3727 0.08+0.22 -049+043
7-10 mm 723+0.09 540 9.55 13.67 0.18+0.22 -0.66+043
5-7mm 8.08+0.12 536 11.10 16.59 0.12+0.22 -0.73+043
3-5mm 10.68+0.17 6.17 1437 1835 -026+022 -0.75+043
2-3mm 9.58+0.18 426 14.33 21.06 -0.08+£0.22 -0.16£043
1-2mm 13.18+£0.25 6.07 20.57 2122 025+022 0.18+043
0.5-1 mm 245+004 1.57 345 17.58 0.01+022 -045+043
025-0.5mm 12.59+0.26 7.66 18.83 23.04 025+022 -0.87+£043
<0.25 mm 25.00+040 1538 37.54 17.89 042+022 0.30+043
Other soil properties
Electrical conductivity, dSm/m 0.07£0.00 0.03 0.11 17.87 023+022 0.68+043
Soil moisture, % 9.31£0.10 6.10 1141 1222 -0.78+0.22 0.14+043
Soil bulk density, glen® 1.10+001 0.96 135 8.56 088+022 004043
Distance, m
From the trees 2.54+0.15 032 8.59 67.05 1.38+0.22 228+043
From the recreational trails 325+022 0.00 10.18 7735 0.61+0.22 —0.57+043
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Table 3

Results of Horn’s Parallel Analysis for component retention after
5,000 iterations (KMO-Criterion 0.81 — according to the rule of thumb
suggested in Kaiser (1974) and Kaiser & Rice (1974), the value

can be recognized as meritorious

Component Eigenvalue Eigenvalue Bias ex\;f;;:gﬁ’ Y (?et:avril;it?(l;?l
0
1 9.19 10.08 0.90 42.02 3.16
2 1.80 253 0.74 10.56 1.59
3 137 1.99 0.62 831 141

The principal component 2 was able to explain 10.6% of the variation
in the feature space. It negatively correlated with distance from the recrea-
tional trail, soil penetration resistance at the depth of 35 cm or more, soil
electrical conductivity, and the proportion of aggregates greater than 3 mm
in size. This component positively correlated with soil penetration resistan-
ce at 0-5 cm depth and the proportion of aggregates less than 0.5 mm in
size. This component can be interpreted as a “halo” from the recreational
trail, or a gradient of indirect soil transformations adjacent to the zone of
intense recreational load.

The principal component 3 was able to explain 8.3% of the variation
in the feature space. It positively correlated with soil penetration resistance
at the depth of 20-40 cm, the proportion of aggregates 0.5—7 mm in size,
and soil moisture. It negatively correlated with the proportion of aggrega-
tes larger than 7 mm and smaller than 0.25 mm. This component indicated
a variation in soil properties that was induced by causes independent of
recreational exposure.

The extracted gradients of soil properties significantly influenced the
abundance of micromollusc populations (Table 2). The abundance of all
species decreased with increasing recreational load, which was marked by
the principal component 1. The response of micromollusc species to direct
recreational exposure was of plateau (C. lubrica) and asymmetric un-
imodal responses (V. pulchella and A. aculeate, Fig. 3). The optimum zo-
ne of V. pulchella was in the range of low recreational load. The optimum
zone of A. aculeata was in the range of moderate recreational load. The
micromollusc C. lubrica was sensitive only to high levels of recreational
load, and the species was indifferent to moderate or low recreational load.

The micromollusc V. puichella was sensitive to indirect recreational
exposure as marked by the principal component 2. Other species were
indifferent to the action of this gradient.

Micromolluscs V. pulchella and C. lubrica were sensitive to the natu-
ral variability of soil properties, which were marked by the principal com-
ponent 3. The increase in the proportions of 0.5-7 mm fractions had a
positive effect on the abundance of V. puichella molluscs. There was a
proportion of these aggregate fractions at which the abundance of C. lu-
brica could be greatest. The response of 4. aculeata to natural variability
in soil properties was not explicit.

Species response pattems can be estimated not only for integral varia-
bles, but also for traits that characterize individual soil properties or other
ecological indicators (Table 1). Thus, the data obtained indicate that close
proximity to trees creates favourable living conditions for all molluscan
species. On the other hand, the distance less than 1-2 meters from the
recreational trails is an unfavourable zone for the existence of micromol-
luscs. The micromollusc V. pulchella was sensitive to all soil properties.
Also, an increase in the abundance of this species was observed in condi-
tions of high proportion of aggregates 0.5—7 mm in size, while other spe-
cies were less sensitive to soil aggregate structure.

Discussion

Park plantings in the city are represented by a wide variety of the plant
species, among which cultivated or invasive species play an important
role. The phytoindication role of these plant species is highly questionable,
so it is difficult to rely on artificial plant communities for ecological assess-
ments. In this regard, the soil properties are extremely informative for
assessing the degree of recreational impact on ecosystems. The role of the
scale at which recreation occurs should also be considered (Graham &
Eigenbrod, 2019; Zhukov et al., 2019). The recreational trails are an im-
portant aspect of the impact on the soil (Ballantyne & Pickering, 2015;

Huang et al., 2015; Tomezyk & Ewertowski, 2016). Such impact is asso-
ciated with compaction of the soil (Azlin & Philip, 2004; Ballantyne &
Pickering, 2015), an increase in soil penetration resistance (Landsberg
etal., 2003; Campbell et al., 2013), changes in the soil aggregate structure
(Bird et al., 2007; Fattet et al., 2011). As our results show, the mentioned
soil properties are extremely important for determining the living condi-
tions of micromolluscs.

The soil sampling was proposed to record soil micromolluscs, follo-
wed by its analysis under a microscope in the laboratory. This method ori-
ginated in paleozoology (Evans, 1972). The abundance of micromolluscs
in the park plantation is quite high. On average of 4.9 individuals of Vallo-
nia pulchella, 0.95 individuals of Cochlicopa lubrica, and 0.46 individuals
of Acanthinula aculeata were found per 100 grams of soil. This is equiva-
lent to 4,312 individuals'm® of Vallonia pulchella, 836 individuals/m® of
Cochlicopa lubrica, and 405 individuals/m® of Acanthinula aculeata.
Using this approach, Davies et al. (1996) found that V. pulchella abun-
dance ranged 0.4-40.4 individuals per 100 g of soil sample on chalk soils
in Great Britain. For Jurassic limestone in central Krakow, the abundance
of this species was 1-22 individuals per 100 g of soil sample (Gotas-
Siarzewska, 2013). In technozems, where the counting was carried out by
a similar methodology, the abundance of V. pulchella was 1.8 individuals
per 100 grams of soil, and representatives of C. lubrica and A. aculeata
were not found (Kunakh et al., 2018).

Three gradients were identified in the variation of soil properties, of
which only the principal component 3 is a variability that is independent of
recreational exposure. The principal components 1 and 2 are a conse-
quence of recreational exposure and together they explain 56.6% of the
variation in the feature space, with recreational trails covering about 5.2%
of the polygon area. This ratio indicates that the influence of recreational
trails extends well outside their apparent boundaries. Principal component 1
is a marker of direct recreational impact, indicating increase in penetration
resistance throughout the soil profile as recreational load increases. The
correlation of principal component 1 and penetration resistance values de-
creases with increase in the soil layer depth, indicating that recreational soil
compaction decays with depth.

Table 4
Principal components loadings of the manifest variables
(statistically significant loadings at P < 0.05 are presented)

Variables PCl PC2 PC3
Soil penetration resistance at a depth of, cm
0-5 027 0.14 -
5-10 028 - -
10-15 027 - -
1520 026 - -
20-25 022 - 024
2530 021 - 025
30-35 021 -022 021
3540 020 -028 023
40-45 0.14 -044 -
45-50 0.09 -049 -
Aggregate fraction
>10 mm 0.17 025 -041
7-10mm 0.06 -0.33 -0.36
5-7mm -022 -0.13 024
3-5mm 025 -0.15 028
2-3mm -0.25 - 025
1-2mm -0.08 - 033
0.5-1 mm -0.16 - 023
025-0.5mm 0.17 023 -
<0.25 mm 0.08 027 -0.13
Other soil properties
Electrical conductivity -0.19 -0.13 -
Soil moisture -022 - -020
Soil bulk density 025 — —
Distance
From the trees 0.18 - -
From the trails -024 -0.18 —

The increase in recreational load was associated with changes in the
aggregate structure of the soil. As a result of recreation, the proportion of
aggregates larger than 7 mm (macroaggregates) and smaller than 0.5 mm
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(microaggregates) increased. The decrease in the proportion of mesoag-
gregates, which are agronomically valuable components of soil structure,
leads to negative ecological consequences. Mesoaggregates provide an
optimal water and air regime of soil, making optimal conditions for life

Table 5

Models of micromollusc response to environmental gradients represented
by the principal components, as well as parameters of ecological niches

and development of both root systems of plants and the living of the soil ( diapasonP(():flthe scores diapasorig?ﬂue scores diapasonPc():f3the scores
mnrpals (Zh}lkOY etal., 2018.; Zadorozhnaya eF al., 2018). The soil com- Parameters ~ " o) +693) 0.63-+429) 343-12.80)
paction, which is accompanied by a change in the aggregate structure, VP CL AA VP CL AA VP CL AA
leads to a decrease in the living space for soil animals and deterioration of ~ pegt
: : o : : : : - v i v v 1 I A% | B\ I

their breathing conditions. The increase in penetration resistance and soil model
density due to recreational load is consistent with a decrease in soil mois- Qv 08 08 059 08 071 040 053 088 089
ture. Obviously, this trend also negatively affects the abundance of mol- ~ Optuin =237 484 077 094 - - 264 090 -
lusc populations. Opinax -’ - = =280 - -

Diverse conditions for life of micromolluscs have developed in the ~ SIoPem 2321 509 265 847 — = - 4711 255 -

. . . . . CBiow 437 484 275 -152 263 263 151 -088 343
gradient of recreational transformation of soil. The most numerous species

. . . R CBign -037 303 121 339 429 429 377 266 280
Qf micromolluscs was V pulchella, at the same time be]ng the mf)st sensi- OB, 687 484 522 D63 263 263 177 305 343
tive to the anthropogenic impact. Under favourable conditions, this species OB, 213 461 368 452 429 429 500 484 280

demonstrates the ability to increase its abundance very significantly. How-
ever, even a moderate level of recreational impact has a sensitive effect on
the abundance of V. pulchella. The micromolluscs C. lubrica and Acan-
thinula aculeata had significantly lower population abundances than the
V. pulchella population. The micromollusc C. lubrica responds only to
very high levels of recreational pressure. The maximum abundance of
A. aculeata populations was observed under moderate recreational pres-
sure.

Notes: IQV —index of qualitative variation; Opty, — optimum minimum edge, Optya—
optimum maximum edge, Slope.x — maximum slope, CBj, — low edge of the
central borders, CBs — high edge of the central borders, OBy — low edge of the
outer borders, OBy, — high edge of the outer borders; VP — V. pulchella, CL —
C. lubrica, AA — A. aculeata, types of the response models — I — no response, Il —
increasing or decreasing without a plateau, IIl — increasing or decreasing with a
plateau, IV — asymmetric unimodal responses, V — symmetric unimodal response,
VI-bimodal asymmetric, VIl — symmetric bimodal response form.
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Fig. 2. Models of micromollusc response to environmental gradients represented by the principal components:
x-axis — principal component scores, y-axis — species abundance
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All species of micromolluscs show a tendency to a slight decrease in
abundance at the opposite pole of the recreational transformation gradient.
Increase in mollusc abundance after decrease in recreational load is quite
obvious and the reasons for this are clear. In “extremely favourable” con-
ditions, the abundance may decrease for a number of reasons. In favoura-
ble conditions, predatory forms of pedobionts may gain an advantage,
which can reduce the abundance of micromolluscs. The biotic interactions
play an important role in dynamics of mollusc communities due to the fact
that land snails are a source of water for many predators, especially in arid
conditions (Yom-Tov, 1970; Shachak et al., 2002; Severns, 2007), as well
as being a source of energy and nutrients, including calcium (Graveland &
Gijzen, 1994). The total abundance of the micromollusc community rea-
ches a plateau as the level of recreational transformation decreases, indi-
cating that competitive relationships between species are intensifying as
the abundance of individual species decreases while the total community
abundance remains almost unchanged. The competition among mol-
luscs for trophic resources or moisture can explain the variability in
abundance of terrestrial snail populations (Cowie & Cain, 1983; Pearce,
1997). However, food is not a limiting factor for land snails in many
cases (Kimura & Chiba, 2010), but nonetheless may have an important
role (Butler, 1976; Williamson et al., 1976, 1977). Moisture strongly
affects snail activity (Martin & Sommer, 2004), and because snails must
move to acquire water resources. A lack of moisture can effectively
limit the availability of food, so competition by snails for moist sites is
quite possible (Pearce, 1997).

A special zone is formed near the recreational trail, which creates a
“halo” around the zone of intense recreational load, which is marked by
the principal component 2. There can be several reasons for the creation of
such a zone. Spontaneous recreational trails have a constant direction, but
have no constant trajectory, so their location is constantly changing — they
“migrate”. The traces of impact from the location of the trail in the pre-
vious period of time may be the reason for the formation of a correspon-
ding pattern of soil properties. It primarily affects the increase of soil pene-
tration resistance in the deeper soil layers.

The uppermost soil layers may recover their penetration resistance to
normal levels earlier, while this process may be delayed in the deeper la-

Table 6

yers. The penetration resistance may be restored to normal levels through
the influence of factors of a physical nature and the action of biotic factors.
And the relative role of biotic factors increases with depth as a result of the
loosening activity of the roots of herbaceous plants. There was practically
no herbaceous cover within the studied polygon, so the leading role be-
longs to the factors of an abiotic nature, the activity of which was the
highest in the surface soil layers. This was the impact of precipitation,
temperature fluctuations, alternating processes of freezing and melting of
water. Also the “halo” near the trails may occur as a result of the formation
of a berm along them. Soil compaction in the area of the trail leads to a
relative decrease in the soil level. During the rainy season, water accumu-
lates in the trails and the soil is pressed to the borders of the trail. This is
how a berm is formed. Moisture rolls off the berm, providing an additional
supply of water to adjacent areas. The berm is nothing but “ariduscula” as
understood by Vysotsky (a locally elevated, dry, arid area of the soil surface),
and the space next to it is “potuscula” as understood by Belgard (a depressed,
damper area of the soil surface). We should also note the contrasting condi-
tions of formation of the aggregate structure. The berm was composed of
soil with a predominance of macroaggregates, while the soil adjacent to it
had a large proportion of microaggregates. The fact that the zone of soil
compaction under recreational impact did not have a strictly vertical projec-
tion but had a trapezoidal profile with an increasing base can also be seen as
a possible mechanism of formation of the “halo”. Therefore, the zone of
increasing soil hardness in the vicinity of the trail increases with depth. This
is fully consistent with the results obtained earlier (Zhukov, 2015). Undoub-
tedly, we cannot exclude the joint effect of the above causes.

The fact that the principal component 2 reflects features of variation in
soil properties predominantly at considerable depth explains the minor
importance of this gradient as a factor in changes in the abundance of
micromolluscs that inhabit the upper soil layers. The micromollusc
V. pulchella was observed to have a tendency to locally increase its abun-
dance in the zone adjacent to recreational trails, while the other species
were indifferent to this type of impact. It should be clarified that the con-
clusions obtained are true within the scope of this study. Obviously, the
influence of this pattemn manifests itself at a fine-scale level, which requires
amore detailed sampling grid to reveal.

Response models and range of favourable values of environmental properties presented as central borders
(in the case of bimodal models, the most extreme values of estimates are presented; no estimates can be made for Model I)

Variables Vallonia pulchella Cochlicopa lubrica Acanthinula aculeata
model diapason model diapason model diapason
Soil penetration resistance at a depth of, cm in MPa
0-5 Vi 143597 I - m 1.10-3.94
5-10 VI 3.06-8.00 m 2.60-6.25 m 2.60-5.75
10-15 Vi 4.00-9.89 1 340-7.68 v 405-6.84
1520 v 449722 I - 1\% 5227776
20-25 A% 543785 II 4.60-7.00 I 4.60-6.76
25-30 Vi 5.94-10.33 v 5.96-8.68 I -
30-35 Vi 5.67-8.80 II 5.80-7.73 I -
3540 Vi 5.99-9.08 m 6.00-9.34 I -
40-45 Vi 4.19-10.86 I - v 7.54-9.55
45-50 Vi 4.82-9.06 I - | -
Aggregate fraction, in %
>10mm I 2.60-6.51 I 2.60-897 I —
7-10mm Vi 540-12.87 I - I -
57 mm 1 7.81-11.10 1 7.01-11.10 v 7.53-1027
3-5mm Il 12.77-1440 Il 11.67-1440 m 8.68-14.40
2-3mm II 12.13-1430 m 797-1430 m 8.50-14.30
1-2mm Vi 11.71-2146 v 11.83-19.36 I -
0.5-1 mm 1 240-340 Il 2.60-340 I -
025-0.5mm A% 9.19-14.69 I - I -
<025 mm Vi 14.53-30.58 Il 15.40-24.59 | -
Other soil properties
Electrical conductivity, dSm/m \% 0.06-0.08 1 - v 0.06-0.08
Soil moisture, % Vil 5.82-10.60 1 — 1 —
Soil bulk density, g/cm’ Il 0.96-1.03 Il 0.96-1.12 Il 0.96-1.07
Distance, m
From the trees Vi 0.00-3.39 Il 0.32-2.90 I 032205
From the route trails \ 1.95-5.94 v 126-7.11 1 1.06-10.18

Notes: types of the response models — [ — no response, Il — increasing or decreasing without a plateau, III — increasing or decreasing with a plateau, IV — asymmetric unimodal
responses, V— symmetric unimodal response, VI—bimodal asymmetric, VII— symmetric bimodal response form.
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The natural variability of soil properties is due to reasons that do not
depend on the distance from the recreational trails. Therefore, the variabili-
ty of soil properties, which is indicated by principal component 3, was
estimated as natural variability. It should be noted that the pattemns de-
scribed by the principal component 1 may have originally had natural
causes for their occurrence. Such causes correlate with distance from trees.
The location of spontaneous trails is determined so that they are conven-
tionally equidistant from the nearest trees. Therefore, the variability indu-
ced by recreation is superimposed on the natural variability of the soil
properties, which is induced by distance from the trees. The principal
component 3 indicates the important role of mesoaggregates for the for-
mation of optimal living conditions for micromolluscs. It is this size frac-
tion of aggregates that provide the best conditions for favourable water
and air regime, which positively influences both micromolluscs them-
selves and their trophic objects.

Conclusion

The recreational impact in the form of spontaneous trails significantly
alters the soil properties in artificial park plantations. The zone of influence
of such transformation significantly exceeds the visible boundaries of the
trails. The main trends of transformation are increase in soil penetration
resistance and soil density, deterioration of air and water regime, alteration
of soil aggregate structure. Such transformation affects the living condi-
tions of soil micromolluscs. Their abundance and diversity is significantly
high in undisturbed conditions. Near the trails, living conditions deteri-
orate, leading to a sharp decrease in micromollusc abundance. Vallonia
pulchella is the most sensitive to recreational pressure. The micromolluscs
C. lubrica and A. aculeata are more resistant to recreational pressure, but
their abundance is lower than such of V. pulchella. Competition between
species is important in micromollusc community dynamics under low
anthropogenic pressure. Abiotic factors increased in importance with
increasing recreational transformation of soil.
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