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The paper presents a study about the influence of two saprophage groups (Isopoda, Diplopoda) on leaf litter decomposition under
different levels of humidification and chemical stress. Because of their worldwide distribution, we focused on the common pillbug
Armadillidium vulgare (Latreille, 1804) (Isopoda, Armadillidiidae), and the common millipede species Rossiulus kessleri (Lohmander,
1927) (Julida, Julidae). The function of environment creation by the given saprophages, as destructors of dead plant matter, supporting
such ecosystem services as soil fertility improvement and nutrients’ turnover, is highlighted. To conduct the experiment, the animals
were collected manually and using pitfall trapping. In order to bring the experimental conditions closer to the natural, the individuals
were not sexed. The maximum consumption of leaf litter by woodlice was recorded in the conditions with adequate moisture (0.5 mL
of distilled water per box) and amounted to 2.52 mg/10 individuals per day, which exceeds its consumption with low and increased
moisture, respectively, by 1.82 and 1.24 times. As for the effect of interaction, the consumption of maple litter with optimal moisture
(4.77 mg/10 individuals per day) was the greatest. The largest absolute difference between broad-leaved tree species in the average
weight of leaf litter consumed by woodlice was between maple leaf litter and oak leaf litter, the minimum — between robinia leaf litter
and oak leaf litter. According to the results of the obtained data (Diplopoda), it can be stated that there is a statistically significant effect
of chemical stress and discrepancy of the average zinc content in the object of study (in Diplopoda and their faecal pellets). We found
that the diet provided did not affect the distribution of zinc in Diplopoda under conditions of chemical stress. According to the results of
pairwise comparisons, we determined that the zinc content in the Diplopoda clearly differs for control and almost every concentration of
zinc sulfate solution — 0.03 and 0.15 g/L, the samples of which do not form a homogeneous group. The species composition, abundance
and distribution in space of soil invertebrates are informative indicators which reflect the ecological state of soils, intensity in develop-

ment of soil horizons as well as intensity of processes occurring in them.

Keywords: ecosystem services; millipedes; litter transformation; climate changes; chemical stress; common pill bug.

Introduction

Anthropogenic influence disturbs the ability of nature acquired in the
process of evolution to self-regulate. Environmental stress alters natural
landscapes and natural habitats radically, transforming the natural envi-
ronment into “technogenic territories”. Due to artificial changes in the na-
tural environment, fundamental changes in the ecosystem combine, lead-
ing to progressive destruction of the biosphere, such as soil degradation,
decrease in biodiversity, and desertification (Klymenko et al., 2017; Didur
etal., 2018; Pokhylenko et al., 2018). Responses to human disturbance are
not always traceable, but a trend towards community homogenisation is
often found under strong global urbanization processes (Sfenthourakis &
Hornung, 2018).

Adapting to these changes, the animal population of ecosystems is
changing. These processes are typical for regions with significant anthro-
pogenic pressure, including such a highly industrialized region of Ukraine
as Steppe Prydniprovie (Alexeyeva et al., 2016; Shulman et al., 2017).
One of the natural mechanisms of the initiation of restoration of disturbed
soils is the activity of saprophages in the transformation of the organic
matter, for example such ecosystem engineers as representatives of Isopo-
da (Didur et al., 2017; Spaldonova & Frouz, 2019; Yang et al., 2020) and
Diplopoda (Jones et al., 1997; Pakhomov et al., 2009; Brygadyrenko &
Ivanyshyn, 2015; Pokhylenko et al., 2018). These saprophages have a po-
sitive effect on maintaining and improving the properties of natural soils.
Terrestrial isopods (about 3700 known species in the world) inhabit tem-
perate and tropical regions from floodplain forests to deserts (Schmalfuss,

2003). They are also known to contribute to soil biodiversity. Environ-
mental factors and biodiversity and its functions, soil tillage, pesticide
application, and chemical pollution, along with soil acidification and de-
sertification adversely affect isopod abundance and diversity. Woodlice
produce faecal pellets which decompose rapidly, and, in large amounts
provide a significant source of soil fertility, allowing essential nutrients for
plants to return (Striganova, 1980; Paoletti & Hassal, 1999; Quadros &
Araujo, 2008; Leclercq-Dransart et al., 2019). This natural mechanism po-
sitively influences the sustenance and improvement of properties of natu-
ral soils. In forests, the plant and soil animal biota bind with the forest litter.
The rate at which litter is decomposed is to a large extent influenced by its
chemical composition, by the activity and composition of soil organisms,
and by the physical microenvironment (Meentemeyer, 1978; Vasconcelos
etal., 2005). Terrestrial isopods utilize more than 10% of the annual litter,
causing a four-fold increase in the surface available to microorganisms.
One of the important tasks related to research on the trophic activity
of saprophages is the study of their trophic priorities which determine their
ecological role in functioning of the ecosystems (Roy et al., 2009; Seme-
nyuk et al., 2011; Svyrydchenko & Brygadyrenko, 2014). Through reten-
tion of soil functions (soil biodiversity), protection of environmental quali-
ty is supported (Solomou et al., 2019). To describe the influence of differ-
ent moisture conditions on this soil mesofauna group and evaluate their
seasonal dynamics regarding temperature and soil humidity fluctuations,
research was conducted at three sites along a small-scale moisture gra-
dient. Thus, ordination analysis (Oribatida case) confirmed the influences
of temperature, vegetation cover, soil pH, soil humidity and heavy metals
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(As, Cu, Pb, Ni, Mn and Zn) on the composition of the saprophage com-
munity (Manu et al., 2019; Jaksova et al., 2020). The heterogeneity of
species richness at the area scale was correlated with a metric related to the
heterogeneity of microsites with more favourable conditions, compared to
the surrounding area at the same scale presence in it. In the context of
global warming, an increase in soil drought is notable and litter breakdown
activity could be affected. One study (Leclercg-Dransart et al., 2019)
revealed that with global warming, woodlice, which are recognized as
shredders of litter and bioindicators of global warming, spend less time
foraging and more time seeking refuge to reduce the risk of mortality from
desiccation stress. Armadillidium vulgare (Latreille, 1804) is the most
affected species followed by Oniscus asellus Linnaeus, 1758. Thus, mod-
ification of the feeding behaviour of terrestrial isopods could help to slow
down litter degradation and organic matter recycling.

Diplopoda is the most numerous class among millipedes (more than
8000 species). Most of them live in tropical regions of the Earth, inhabi-
ting the upper humus-rich soil layers. These millipedes comprise a meso-
philic group of invertebrates. The vast majority of them are phytosapro-
phages which play a significant role in the processes of primary decompo-
sition and mineralization of plant residues. Their activity is one of the
essential factors that determines the rate of circulation of substances and
release of plant nutrients in the soil. As a result of their vital activity, not
only do mixing and grinding of the litter and its enrichment by excrement
of Diplopoda take place, but also loosening the bottom layers of soil,
creating the most favourable conditions for the micropopulation of forest
soils (Striganova, 1980; Brygadyrenko, 2015). Therefore, both woodlice
and millipedes are considered as a prominent component of the soil arth-
ropod litter-transformation community in many temperate habitats (Striga-
nova, 1980; Brygadyrenko, 2015; Sfenthourakis & Homung, 2018; Pey
etal, 2019). The objects of investigation were specimens of common
pillbug Armadillidium vulgare (Latreille, 1804) (Malacostraca, Isopoda,
Armadillidiidae), and the common millipede species Rossiulus kessleri
(Lohmander, 1927) (Diplopoda, Julida, Julidae), which we selected be-
cause of their worldwide distribution.

Common pillbug is a member of the most xerophillous genus, wide-
spread and common in forests and forest belts in the temperate habitats.

R kessleri is a widely distributed Julida species in mid-latitude forests.
It is ecologically flexible and heliophile. Based on the overview of toxicity
data and test methods, some authors (Bibic et al., 1997; van Gestel et al.,
2018) suggest that chemicals are more toxic to isopods when exposed
through soil compared to food. In addition, the authors gave recommenda-
tions for the use of isopods in standardized laboratory toxicity tests as well
as in situ monitoring studies. Besides, it has been proposed that (Bibic
etal,, 1997; Horvath et al., 2019) pillbugs can be used as promising mo-
dels for personality research due to their responsiveness to changes in en-
vironment or labile state variables and due to the relative ease of getting
repeated behavioural measurements. The chosen animals take an active
part in the destruction of fallen plant material and promote increases in soil
fertility. The objective of the study was the trophic activity of saprophages
when modelling various environmental conditions (feeding base, mois-
ture, chemical stress).

Materials and methods

The study sites are located in the Dnieper Lowland within the steppe
zone (left bank of north steppe province). Both A. vulgare and R. kessleri
were collected from a natural forest ecosystem in Dnipropetrovsk oblast
during April and May 2019. The animals were collected manually and
using pitfall trapping. The individuals were not sexed in order to bring the
experimental conditions closer to the natural.

We conducted laboratory research on the trophic activity of A. vul-
gare depending on trophic base and moistening (Table 1), and on the zinc
accumulation pattern of R. kessleri specimens depending on food resour-
ces and chemical stress (Table 2). The repetition of each treatment in the
experiment was fivefold. The duration of each experiment was 21 days.
Samples for analysis were taken on the 3rd, 8th, 13th, 18th, and 21st days.
The obtained values of the indicators were averaged.

Table 1

Experiment plan for determining consumption of leaf litter

from dicotyledonous plants by Armadillidium vulgare (Latreille, 1804)
depending on moistening

Leafliter ' Moisture . :
poor watering  adequate moisture _overwatering
from Quercus robur X1X5 Xi6Xo0 X31-X35
from Acer campestre X6-X10 Xo1-Xo5 X36-X40
from Robinia pseudoacacia X11-X1s X6 X30 X41 Xy5

Note: x,— the mass of consumption leaf litter.

Table 2

Experiment plan for determination of zinc content in representatives
of Rossiulus kessleri (Lohmander, 1927) depending

on chemical stress and food resourses at adequate moisture

. Feeding base
. Zigms':;fﬁm leafliter from leaf liter from
Acer campestre Robinia pseudoacacia
Control X1 Xs Xo1-Xo5
0.006 X6-X10 X26-X30
0.03 X11-Xis5 X31-X35
0.15 Xi6X20 X36Xa0

Note: adequate moisture was provided every third day with 0.25 mL of distilled
water per box, which contained 3 g of dried leaf litter; x,, — zinc content in test objects.

Adult woodlice and diplopods were kept in 18 * 10 * 10 cm clear
plastic boxes perforated for acration at one end.

Leaf litter of dicotyledonous plants is considered as high quality food
both for woodlice and for Diplopoda. In every box, we placed 3.0 g of leaf
litter. Three different diets: Robinia pseudoacacia L., Acer campestre L.,
Quercus robur L. were used. Leaves were dried, shredded and evenly
spaced. The following moisture gradation was used: poor watering
(0.1 mL of distilled water per box), adequate moisture (0.25 mL of distil-
led water per box), and overwatering (0.5 mL of distilled water per box).
Once in three days, the containers were sprayed with distilled water from
an atomizer to compensate moisture evaporation. For this reason, a tem-
perature and humidity sensor Xiaomi Mijia Bluetooth Hygrothermograph
LYWSDCGQ/01ZM was used. In the laboratory, the boxes were kept in
a shaded place.

The number of A. vulgare was 20 specimens per box. The results of
litter consumption were expressed in terms of 10 individuals. The average
weight of live woodlice in the experiment was 18.6 = 0.87 mg. The num-
ber of R. kessleri was 10 specimens per box. The average weight of one
specimen of R. kessleri in the experiment was 20.98 + 043 mg. In the
natural conditions of the Samarskyi Forest (Novomoskovskyi, Pavlograd-
skyi districts within Dnipropetrovsk oblast), the possible density of Arma-
dillidiidae family is 62 individuals/m?, while the possible density of repre-
sentatives of the Julidae family may reach 112 individuals/m®. Population
density was maintained by replacing any dead individual with another one.

Statistical analysis of the data was conducted using the statistical set:
mean + standard error (x + SE). To compare the mean values of the mass
consumed, the Honestly Significant Difference test or Tukey’s HSD test
was used. Analyzed parameters such as humidity level and the amount of
zinc deposits as well were processed using variance method (MANOVA)
factorial experiment, and the differences between the mean values were
tested with Tukey’s HSD. The average difference is considered statistical-
ly significant at P < 0.05.

Results

Isopoda. We evaluated the level of realization by A. vulgare of its
main ecological function, participation in leaf litter transformation and de-
composition under various moisture conditions.

Of the provided food supply (leaf litter from Robinia pseudoacacia
L., Acer campestre L., and Quercus robur L.), woodlice consumed litter
from maple leaves most actively (3.70 mg/10 individuals per day), ex-
ceeding the consumption of litter from Robinia pseudoacacia L. and Qu-
ercus robur L. leaves respectively by 2.33 and 5.78 times (Table 3).
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The maximum consumption of leaf litter was recorded with adequate
moisture (0.5 mL of distilled water per box), accounting for 2.52 mg/10
individuals per day, which exceeds its consumption with low and increa-
sed moisture respectively by 1.82 and 1.24 times (Table 1). As for the

Table 3

effect of interaction between the moisture and the food substrate species
factor, the consumption of maple litter with optimal moisture (4.77 mg/10
individuals per day) was the greatest. The other interaction variants were
less effective (Table 3).

Comparative characteristics of leaf litter consumption by Armadillidium vulgare (Latreille, 1804)
depending on the feeding base and moisture in the experiment (mg/10 individuals per one day)

Factor Factor level X+SE Min Max

Leaf litter Robinia pseudoacacia 1.593 £0.056" 1481 1.706
Acer campestre 3.702+0.056° 3.590 3.815

Quercus robur 0.643 +0.056° 0.531 0.756

Moisture poor watering 1.382+0.056" 1270 1.495
adequate moisture 2.520+0.056" 2408 2.632

overwatering 2.037+0.056° 1.924 2.149

Interaction factors Robinia pseudoacacia + poor watering 1.25+0.097 1.055 1445
Robinia pseudoacacia + adequate moisture 1.92+0.097 1.725 2.115

Robinia pseudoacacia + overwatering 1.61£0.097 1415 1.805

Acer campestre + poor watering 249+0.097 2292 2.681

Acer campestre + adequate moisture 4.77+0.097 4.575 4.965

Acer campestre + overwatering 3.85+0.097 3.655 4.045

Quercus robur+ poor watering 041+0.097 0215 0.605

Quercus robur+ adequate moisture 0.87+0.097 0.675 1.065

Quercus robur + overwatering 0.65+0.097 0455 0.845

Note: the same letters in the column indicate statistically insignificant differences in the means of the compared pair according to the Tukey criterion.

Based on the results of the Tukey test, we determined that there was a
statistically significant difference in average consumption of different food
resources by woodlice (Table 3). The largest absolute difference in the
average weight of leaf litter eaten by woodlice of broad-leaved tree species
(3.06 mg/10 individuals per one day, P < 0.05) was found to be between
maple leaf litter (3.702 + 0.056 mg/10 individuals per one day) and oak
leaf litter (0.643 £ 0.056 mg/10 individuals per one day), the minimum
difference (0.95 mg/10 individuals per one day, P < 0.05) was between
robinia leaf litter (1.593 + 0.056 mg/10 individuals per one day) and oak
leaf litter (0.643 + 0.056 mg/10 individuals per one day).

When conducting paired comparisons according to the Tukey me-
thod, it was found that the average consumptions of different leaf litter by
woodlice, depending on the conditions of environmental moistening, sta-
tistically differ from each other. As in the case of the feeding base, their
samples statistically differ from each other. The largest absolute difference
in the average weight of leaf litter eaten by woodlice of broad-leaved tree
species (1.14 mg/10 individuals per one day, P < 0.05) was found to be
between the variants with poor watering (1.382 + 0.056 mg/10 individuals
per one day) and those with adequate moisture (2.520 + 0.056 mg/10 indi-
viduals per one day), while the minimum difference (0.48 mg/10 individ-
uals per one day, P < 0.05) was found to be between the variants with
adequate moisture (2.520 + 0.056 mg/10 individuals per one day) and
those with overwatering (2.037 mg/10 individuals per one day) (Table 3).

Based on the results of the analysis of the obtained data, it is possible
to confirm that the type and consumption of litter by woodlice are impor-
tant and statistically significant (Table 4). In addition, the effect of interac-
tion between the type of litter and the degree of its moistening was found
to be significant. This is due to the fact that the consumption of leaf litter
by woodlice occurs in an environment with a sufficient degree of moisture
and does not occur in absolutely dry conditions.

Table 4
MANOVA test of litter consumption by Armadillidium vulgare (Latreille,
1804) in the experiment with different feeding base and moisture

load, the maximum content was detected when the animals were exposed
to the highest concentration (Table 5).

Table 5

Comparative characteristics of zinc content (mg/kg)

in Rossiulus kessleri (Lohmander, 1927) (body) and their
faecal pellets for each experimental factor and its gradation

Factor Factor level x+SE Min Max
Chemical Control 1744 +34.5° 976 251.1
stress, 0.006 259.9+34.5° 183.1 336.7
gZnSOy/L 0.03 398.1 £34.5% 3213 474.8

insolution 0.15 51214345 4354 5889

3092+£244° 2549 3635
363.1+£244° 3088 4173

Feeding  Leaf'litter from 4. campestre
base LeafTitter from R. pseudoacacia

Object of R kessleri (body) 4032+244" 3489 4574
investigation  Pellets from R. kessleri 269.1 £24.4° 2148 3234

Source F-Ratio P
Main effects
Feeding base 785.88 <0.001
Moisture 104.55 <0.001
Interactions
Feeding base + Moisture 27.09 <0.001

Diplopoda. We evaluated the realization of the main ecological func-
tion of Diplopoda (R. kessleri) — destruction of leaf litter — under environ-
mental (chemical) stress. The control recorded the lowest average content
of zinc, which is logical, since in these experiments there was no chemical

Note: the same letters in the column indicate statistically insignificant differences in
the means of the compared pair according to the Tukey criterion.

According to the results of pairwise comparisons, it was found that the
zinc content in the bodies of R. kessleri was clearly different in the (P < 0.05)
control and almost every concentration of zinc sulfate solution — 0.03 and
0.15 g/L, the samples of which did not form a homogeneous group (Table
5). The largest absolute difference in zinc content in R. kessleri and their
faecal pellets was found to be between the control (174.4 + 34.5 mg/kg) and
the 0.15 g/L (512.1 £ 34.5 mg/kg) solution of zinc sulfate, while the mini-
mum was found to be between the control (1744 + 34.5 mg/kg) and the
0.006 g/L (259.9 + 34.5 mg/kg) solution of zinc sulfate. According to the
results of pairwise comparisons, it was found that the average zinc content in
R. kessleri representatives did not differ in relation to the type of litter these
saprophages consumed — Acer campestre L. or Robinia pseudoacacia L.
Samples for two feeding bases form a statistically homogeneous group. It
was proved that the average zinc content in the millepedes was higher than
the zinc content in their pellets. These samples form a statistically heteroge-
neous group of data (P <0.05, Table 5).

The results of pairwise comparison of the studied Diplopoda’s food
base do not confirm the presence of statistical difference in the zinc con-
tent in the animals depending on the leaf litter type. However, the results
of pairwise comparison of zinc content in millipedes and their faecal pel-
lets indicate the presence of a statistical difference (Table 5). The conditi-
ons of modelling the chemical load on Diplopoda representatives
R. kessleri established that zinc content in millipedes’ faecal pellets was
1.5-fold lower than in the animals’ bodies. The species of plant provided
did not statistically affect the zinc accumulation. Conversely, the level of
chemical load (in the line of concentrations of ZnSO, — 0.006, 0.030,
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0.150 g/L in solution) has a statistically significant effect on the zinc con-
tent in the representatives of R. kessleri and its excrement.

According to the results of the obtained data, it can be stated that there
is a statistically significant effect of chemical stress and discrepancy of the
average zinc content in the study object (in R. kessleri and their faecal
pellets). It was found that the food base provided did not affect the distri-
bution of zinc in R. kessleri in the conditions of chemical stress (Table 6).

Table 6

MANOVA test of zinc distribution in Rossiulus kessleri
(Lohmander, 1927) specimen and their pellets in the experiment
with different food base and chemical stress

Source F-Ratio P
Chemical stress 18.76 0.0002
Food base 245 0.1489
Object of investigation 15.14 0.0030

Discussion

The complex interactions between stand characteristics and forest site
variables result in specific understorey microclimate conditions, which are
essential for many forest-dwelling organism groups. The authors (Kovacs,
et al., 2017) suggest that structural elements have a stronger influence on
microclimate conditions than tree species composition of the overstorey.
Thus, it was concluded that the structure of the saprophage community
(Oribatid case) was influenced by temperature and humidity (Nae &
Bancila, 2017).

The decomposition rate of black locust (Robinia pseudoacacia L.)
leaves was higher than that of oak leaves, most likely because of the higher
N content in black locust leaves (Tateno et al., 2007). In the extract of Ro-
binia pseudoacacia L. leaves the highest content of polyphenols and crude
protein was found (Zhang et al., 2012; Marinas et al., 2014). Hassall &
Dangerfield (1990) concluded that A. vulgare populations (Breckland
district of East Anglia) are more likely to be regulated from “below” by
competing for limited food (intra-specific competition) than from “above”
by natural enemies. Besides the competition for high quality food reduces
juvenile growth and directly affects the population density (Rushton &
Hassal, 1987). The researchers noticed that the isopods are unevenly dis-
tributed (Brigic et al., 2019), and their distribution depends on the litter
mass and loss due to forest fires : such areas are repopulated by woodlice
reluctantly (Gongalsky et al., 2005). The increase in the abundance of
Isopoda (+323%) and some other soil dweller groups is caused by irriga-
tion (Johnson et al., 2018).

The data obtained by van Straalen et al. (2001) illustrate the extremely
complicated relationship between metal residues in invertebrates and me-
tal concentrations in soil. The authors concluded that for most of the sapro-
phageous and predatory arthropods studied, neither total concentrations
nor exchangeable concentrations in soil are good predictors; species-speci-
fic feeding mechanisms and metal physiologies seem to be the main de-
terminants. Ghemari et al. (2019) determined the competition of cadmium
(Cad), lead (Pb), zinc (Zn) and copper (Cu) on their assimilation on the
food consumption and the growth of the terrestrial isopod Porcellio laevis
Latreille, 1804. The effects of urbanization on trace element concentrati-
ons (Ba, Cu, Fe, Mn, Pb, and Zn) and fluctuating asymmetry of 4. vulgare
individuals in and around Debrecen city, Hungary were evaluated by
Papp et al. (2019). The researchers found that urbanization had a notable
effect on Cu and Ba accumulations by A. vulgare from soil and leaf litter.
At the same time, the anthropogenic activities did not affect the symmetry
of the tested traits of A. vulgare individuals. When simulating various
environmental conditions (moisture, food supply), it was determined that
one of the most important factors that not only regulate the intensity of
feeding (Moulton et al., 2019), but also have a significant effect on the ac-
tivity of digestive enzymes (Bendiksen et al., 2003; Salvado et al., 2006),
is temperature. In addition to this factor, the humidity of the environment
is important in the case of soil saprophages (Striganova, 1980; Brygady-
renko, 2014).

It is important to take into account that over the recent decades,
against the background of natural temperature fluctuations in the study
region, there has been an increase in aridization of the steppe climate — an

increase in average monthly summer temperatures, an increase in the
number of dry days (Gritsan, 2000), provoking chronic stress in represent-
tatives of soil saprophages. When modeling various environmental condi-
tions (moisture, food supply) with involvement of ecosystem engineers as
woodlice inhabiting forest ecosystems in the study region, it was determi-
ned that the consumption of leaf litter depends both on the moisture of the
habitat and on the specifics of the food supply. The impact of these factors
on litter consumption by woodlice is statistically significant depending on
the nature of moisture (poor watering, adequate moistening, overwatering)
and leaf litter type (litter from Robinia pseudoacacia L., Acer campestre
L., and Quercus robur L. leaves, Table 1). The surveys revealed that acti-
ve consumption of leaf litter by woodlice is achieved in the presence of
leaf litter from maple and adequate moistening (4.77 mg litter/10 individu-
als per day). Leaf litter from Qurcus robur L. was consumed least actively
by woodlice (0.643 mg litter/10 individuals per day), and poor consump-
tion was observed with poor watering (1.382 mg litter/10 individuals per
day, Table 1).

The greatest environmental hazards in the study region (as well as
throughout the world) are heavy metals (Koval et al., 2012; Semenov
etal.,, 2019). Research has revealed that even essential metals such as cop-
per, nickel, zinc and others, when they accumulate in the soil, pose a po-
tential threat to the life of living systems. It is known that they are capable
of disrupting the integrity of physiological and biochemical processes and
causing serious changes in metabolic reactions in invertebrates (Basha &
Rani, 2003; Atli & Canli, 2007). It should be noted that heavy metals enter
the body of some animals predominantly with food (Kamunde et al., 2002;
Henny et al., 2003). In addition, heavy metals are able to reduce the activi-
ty of proteinases in the digestive tract both in vivo and in vitro (Golovano-
va etal.,, 1999; Gutow et al., 2006). Our study shows that millipedes ac-
cumulate zinc in direct proportion to the level of chemical stress in the
environment. Moreover, statistically significantly more zinc is accumu-
lated directly in animals (1.5 times) than is contained in their faecal pellets
(Table 5). This accumulation does not depend on the type of food supply
provided (leaf litter from Acer campestre L. and Robinia pseudoacacia L.,
Table 6). This indicates that in the case of chemical load on the habitat, the
actual food supply will not be a direct source, which enhances the accu-
mulation of zinc content in the studied representatives of Diplopoda and
their faecal pellets.

The environmental conditions have a direct impact on leaf litter con-
sumption by saprophages, and litter decomposition. The study region is
characterized by a difficult ecological state (pollution with heavy metals
and other negative processes for ecosystems) and increased aridization.
This leads to changes in the intensity of decomposition of leaf litter caused
by soil saprophages, and in some cases inhibits their activity in decompo-
sition. Consequently, the provision of such ecosystem services as increa-
sing soil fertility and protecting the ecosystem from erosion will not be
carried out by soil saprophages at the appropriate level. On the contrary,
creating such conditions that prevent aridization (for example, protective
forest belts, preservation of forest ecosystems), implementing control of pol-
lution with heavy metals and reduction of their emissions in the study regi-
on are the processes that, in the conditions of poor watering in the steppe,
would allow animals — ecosystem engineers — to perform their ecological
functions, in this way increasing soil fertility.

The species composition, abundance and spatial distribution of soil
invertebrates are informative indicators, which reflect the ecological state
of soils, intensity of development of soil horizons as well as intensity of
processes occurring in them (Andrusevich et al., 2018).

Conclusions

Modeling the consumption of litter of deciduous trees by such repre-
sentatives of saprophages as woodlice A. vulgare showed that the condi-
tions of both overwatering and poor moistening determine the mass of
plant foliage consumed by them. In general, with increasing aridity of the
steppe climate, woodlice reduce trophic activity (by 1.8 times compared
with consumption under adequate moistening), which would reduce the
zoogenic participation in such functions as increasing fertility and protect-
ing soils against erosion. It is statistically proven that in the presence of
chemical load on the environment of R. kessleri, the zinc contents in their
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bodies is due to the load, and at the same time, does not depend on the
type of plant foliage consumed. In the control, the zinc content was 174.4
mg/kg, while in the conditions of the load (0.15 mg/L), this figure was
almost three times higher (512.14 mg/kg) than under the highest chemical
load of zinc solution. Due to the climate changes in the study region in the
direction of aridity, it is possible to predict a decrease in the consumption
of leaf litter by woodlice, which will negatively affect such forms of sup-
porting ecosystem services as soil formation and nutrient cycling, carried
out in forest ecosystem. The study of leaf litter destruction by woodlice
and diplopods in artificial forest ecosystems with different light structures
and under various chemical loads will make it possible to choose such
options where these invertebrates will provide the forest ecosystem with
their services at the best level.
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