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Diplopoda play an important role in the processes of creating and maintaining soil fertility by implementing leaf litter
destruction at its initial stages. Recently, in Ukraine the problem of soil fertility restoration has acquired a great urgency due
to climate changes (aridity and temperature rising) and constantly increasing anthropogenic impact on natural biotopes,
which often have Diplopoda as its element. The aim of this study was to evaluate the integrity of linear morphological
characteristics of experimental animal Rossiulus kessleri (Lohmander, 1927) in different forest biotopes within semi-arid
climate of the steppe zone. To determine the interrelation of morphological features, the method of correlation pleiades was
used. It is established that 14 studied morphological characteristics of R. kessleri form the most powerful correlation pleiades
with relative intensity values 0.64 and 0.93, within natural subwatereshed-ravine landscape and terrace flood plain forest
conditions respectively. However, weakened one with 0.07 relative intensity value is observed within standing forest.
Generally, the integrity of morphological characteristics of millipedes is increasingly prominent in the natural forest biotopes
and extremely low in forest stands. Morphological variability of diplopods identified sylvatization degree of julidae's habitat.
Relative potency value of correlation pleiades can be used for diagnostics of forest stands naturalization within the steppe

zone of Ukraine.
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Introduction

One of the main tasks of ecological safety is preservation of biodiversity, prevention of desertification and land degradation. It
has acquired great importance in recent years in connection with the constantly increasing human influence on natural
landscapes and natural communities in particular (Klymenko et al., 2017).

Degradation of lands can be defined as partial or ultimate destruction of the topsoil layer, characterized by a worsening of its
physiological and biological state, decrease (loss) of soil fertility, which makes agricultural use of the territory limited or
impossible. The international community has long recognized the fact that land degradation, accompanied by its
dehumification and devegetation represents huge ecological and socially economical problem. These processes are typical for
regions with significant anthropogenic pressure, for such highly industrialized region of Ukraine as Steppe Prydniprovie. The
agrarian sector, industrial and mining enterprises are concentrated in this territory.

The main target in fighting with desertification is to prevent or decrease the scale of land degradation and restore partially
degraded form desertification lands (Chibrik et al., 2016). Modern practice of disturbed landscapes restoration is wide and
diverse; it includes creating standing forest and forest or agricultural reclamation methods. Ecological functions of soil can be
good indicators of optimization efficiency for anthropogenically disturbed landscapes. One of the mechanisms of the
restoration initiation and promotion is participation of living organisms in the transformation of organic matter in soil:
destruction of dead plant residues with their further humification. Soil saprophages play a prominent role in organic matter
transformation in the anthropogenically disturbed landscapes, they also called “ecosystem engineers” (Eisenhauer, 2010;
Grimaldi et al., 2016; Didur et al., 2018a, 2018b). Their activity is mainly represented by regulation ecosystem services, such as
maintenance of soil fertility and erosion prevention.

Among the soil invertebrates-saprophages, one of such representatives are millipedes (Myriapoda: Diplopoda). They play a
key role in the primary decomposition of plant litter, the processes of soil formation and in soil biogeochemical cycle
(Striganova, 1980; Gudym, 2016). They interact with fresh, recently fallen leaf-litter in the soil and mechanically grind it,
improving the accessibility for treatment by microorganisms (Masse et al., 2018). Diplopoda is one of the largest classes of
terrestrial arthropods. World fauna has more than 12000 species (Sierwald & Bond, 2007). Only 10-15% of the millipedes
species are described for today, while the predicted number of species and subspecies will be about 80000 (Golovatch, 1997;
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Kime & Enghoff, 2017; Masse et al., 2018).The typical and suitable habitats for millipedes are the deciduous temperate,
subtropical and tropical forests where the population density of these animals can reach 1000 individuals per square metre
(Golovatch & Kime, 2009; Bogy6 et al., 2015).

Due to semi-arid conditions of the steppe, the forest is located in geographical and ecological incompatibility. Therefore,
natural forests in the steppe zone are located in river flood-plains, and confined to negative forms of relief (ravines, gullies,
hollows), where the humidification conditions are improved. Worldwide practice shows that standing forest are created with
the aim of forming shelter belts (Brygadyrenko, 2015), carrying out forest reclamation of man-made landscapes (Frouz et al.,
2001; Lavelle et al., 2016), and forming a recreation zone (Tobias, 2013; Bakhmet & Medvedeva, 2015). This is possible due to
the following features: the first one is the ecological plasticity of tree species used in afforestation; the second is the strong
environment-forming (pertinent) effect that standing forest has on ecological conditions of the forest itself.

Variability is a biological characteristic and contribute to adaptive phenotypic specimens' variation within the species and
among its populations. Phenotypic variability is determined by diversity of conditions for living organisms’ development and
the hereditary variance of populations. Therefore, the morphological variability of Diplopoda, both at species and population
level, inhabiting natural and standing forests, is due to hereditary variance (sexual structure) and to forest habitat conditions
(geographic and ecological component).

Under the conditions of modern nature management, the degree of sylvatization in forest ecosystems is different. Therefore,
integrity of millipedes’ morphological parameters changes under the effect of sylvatization process. These changes appear
itself at the level of morphological integration of Diplopoda characteristics. In soil-litter invertebrates, the most variable
morphological characteristics of body size are linear parameters (Faly & Brygadyrenko, 2007; Kulbachko & Didur, 2017).

The aim of this study was to evaluate the integrity of morphological characteristics of experimental animal Rossiulus kessleri
(Lohmander, 1927) in different forest biotopes within the steppe zone of Ukraine.

Materials and methods

Study area

The study sites are located at Dnieper Lowland within the steppe zone (left bank of north steppe province) and spans both
natural forests and homogeneous ones. Administratively it is Novomoskovskyi, Pavlogradskyi, Juriivskyi districts within
Dniepropetrovsk Region.

The R. kessleri specimens were collected in August-October, 2017 from three different forest biotopes (Fig. 1): natural ash-
maple oakery, within subwatereshed-ravine landscape; natural maple-aspen oakery within terrace flood plain; and maple
standing forest within subwatereshed-ravine landscape.
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Figure 1. Research area map: 1 - natural ash-rﬁaplé oakery (Novbmoékovskyi distri-ct), 2 - natural maple-aspen oakery
(Pavlogradskyi district), 3 - maple standing forest (Juriivskyi district).

Natural ash-maple oakery, within subwatereshed-ravine landscape (Novomoskowskyi district). The main tree species are
English oak (Quercus robur L.), European ash (Fraxinus excelsior L.), English field maple (Acer campestre L.). Soil - Calcic
chernozem (according to WRB classification) (IUSS Working Group WRB, 2015). Forest litter thickness was about 3 cm, and it is
composed of half-decomposed leaves.

Natural maple-aspen oakery, within terrace flood plain (Pavlogradskyi district). The basic forest species are European ash
(Fraxinus excelsior L.), English field maple (Acer campestre L.). Soil - Phaeozem (according to WRB classification) (IUSS Working
Group WRB, 2015). Leaf-litter was thick 1 cm, integrated, compact.

Maple standing forest, within subwatereshed-ravine landscape (Juriivskyi district),composed of the trees English field maple
(Acer campestre L.), Norway maple (Acer platanoides L.), Tatarian maple (Acer tataricum L.). Soil - Calcic chernozem (according to
WRB classification) (IUSS Working Group WRB, 2015). The litter was fragmentary and thick 1.5 cm.
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Data analysis

Rossiulus kessleri (Lohmander, 1927) (Diplopoda, Julida, Julidae), chosen as the experimental animal, is a widely distributed
julid species in the mid-latitude forest, south oakery and standing forest. Millipedes (Myriapoda, Diplopoda) are detrivores,
feeding mainly on decaying plant material, thus actively participate in fertility rising. The given species, R. kessleri, is
ecologically flexible and heliophile.

It is known that the integrity of the organism is ensured by the structural and functional integration of all its parts. In order to
study the interdependencies of the morphological parameters of the given millipede, 14 characteristics were selected
(Prishutova, 2001), and reflect: 1) general body size: length (L) and body width (/), number of segments (S), telson length (7),
collar length (C), length of hindlimb (F); 2) the size of tactile organ: antennae length (A) and width (a); 3) the dimensions of the
mouth apparatus parts: length (G) and width (g) of gnathochilarium, length (E) and width (e) of the lingular plates, length (U)
and width (u) of the promentum. Gnathochilarium is a compound under lip (as the element of the second maxilla fusion), it's
function is food bits supporting.

In order to compare the mean values of the morphological characteristics of males and females, the Honestly Significant
Difference test, or the Tukey's HSD test (Mcdonald, 2014), was used with a significant difference. This criterion allows
performing multiple paired comparison of averages correctly. The average difference with a confidence probability of P > 95%
is considered statistically significant. The Tukey's HSD test was calculated within Statgraphics Centurion XV Version 15.1.02.
The investigation was complete during 2017-2018. Statistical analysis of the data was conducted using a set of statistical
methods: descriptive statistics (Mean, Standard Error, Confidence Intervals); the gender differences were calculated by the
Fisher test and considered statistically significant at P<0.05; Pearson coefficient correlation was estimated.

The method of correlation pleiad by P. V. Terentyev (1977) was applied to analyze the correlation system. The given method is
based on mathematical analysis of information array. As a result, the most stable correlated parameters are distinguished (so
called “indicators”). The correlation pleiad includes the following indices: G - pleiad intensity (number of characteristics,
members of the pleiad), G/k - relative potency (k is the total number of characteristics), and D - pleiad stability (mean
intrapleiad correlation coefficients absolute values).

This method can be used not only in soil-ecological researches, but also in other environmental studies. For example, it is
used to determine the hydrochemical indicators effect on the homeostasis of some aquatic biota representatives (Klymenko
et al., 2018).

The total experiment used 150 millipedes. Each individual was assigned a serial number including the ecosystem number and
sex of the specimen (female, male). 14 linear characteristics were measured by micrometer eyepiece scale (MBS 9).

Results

According to the results, statistically significant differences among females, selected in three types of forest, were determined
by body width (/) and body length (L), as well as by collum length (C) (Table 1). Individuals from maple standing forest are
significantly different by larger body lengths compared to females from other forest types. Only for such morphological
characteristic as promentum length (U) statistical difference is not found.

Table 1. Statistical differences among females of R. kessleri from different forests types (Tukey test, n=25, P<0.05).
Characteristics. mm Forests type

natural ash-maple oakery natural maple-aspen oakery maple standing forest

Body length (L)

31.16 £ 5.129°

32.00 + 2.598%

42.84 £2.641°

Body width () 3.22+0.181° 2.81+0.375" 3.74 + 0.300°
Number of segments (S) 49.04 + 1.645° 48.72 +1.137%° 51.44 + 2.858°
Length of hindlimb (F) 1.23 + 0.305° 1.15 £0.081% 1.32 £0.128%
Telson length (7) 1.32+0.129° 1.26 £ 0.104% 1.60 + 0.204°
Length of the antenna (A) 2.052 + 0.286° 1.82 £0.128% 2.85 + 0.455°
Width of the antenna (a) 0.20 £ 0.03° 0.26 + 0.02° 0.30 + 0.058™
Gnathochilarium length (G) 1.20 + 0.086° 1.22 +0.069% 1.33 £ 0.09°
Gnathochilarium width (g) 1.21+0.112° 1.25 + 0.049% 1.4 +0.008°
Length of the lingular plates (F) 0.32 + 0.067° 0.49 +0.041° 0.47 +0.041
Width of the lingular plates (¢) ~ 0.16 + 0.035° 0.23 +0.020° 0.23 £ 0.024™
Promentum length (V) 0.33 + 0.046°™ 0.34 + 0.044°> 0.35 + 0.028°"
Promentum width (u) 0.23 +0.036° 0.22 +0.035% 0.25 + 0.036
Collum length (C) 1.49 +0.13° 1.39 £ 0.094° 1.61 £0.216°

Note: The arithmetic mean and standard deviation are given for characterics.

Statistically significant difference among males from all forest types is determined by width (a) and length (A) of the antennae
(Table 2). It should be noted that among the characteristics of the gnathochilarium elements (length and width of

Ukrainian Journal of Ecology, 9(1), 2019



179 Morphological variability of Rossiulus kessleri
gnathochilarium itself, length and width of the lingular plates, length and width of the promentum) statistically significant
difference by lingular plates length (£) and width (e), length (G) and width (g) of gnathochilarium is not established.

Table 2. Statistical differences among males of R. kessleri from different forests types (Tukey test, n=25, P<0.05).

Characteristics. mm Forests type

natural ash-maple oakery natural maple-aspen oakery maple standing forest
Body length (L) 3432 +1.93° 31.24+2.35° 32.64 +2.33™
Body width (/) 2.78 £0.28° 2.38+0.18° 2.90 +0.28%
Number of segments (S) 48.24 + 2.05° 47.92 £1.22%° 49.88 + 1.24°
Length of hindlimb (F) 1.28 +0.12° 1.14 + 0.09* 1.20 £ 0.12°
Telson length () 1.19 £0.12° 1.1440.10% 1.27 £0.10°
Length of the antenna (A) 2.33+0.28° 1.98+0.21° 2.63+0.43¢
Width of the antenna (a) 0.21 +0.03° 0.23+0.02° 0.27 £ 0.05°
Gnathochilarium length (G) 1.10 + 0.08" 1.04 +0.10% 1.07 £ 0.112>°
Gnathochilarium width (g) 1.12 £0.11% 1.09 + 0.08%° 1.08 + 0.10%*°
Length of the lingular plates (F) 0.39 + 0.05 * 0.40 + 0.04®° 0.37 +0.03%
Width of the lingular plates (¢) ~ 0.20 + 0.04% 0.21 +0.03%° 0.20 + 0.03°*
Promentum length (U) 0.31 +0.05° 0.30 + 0.05%° 0.27 +0.02°¢
Promentum width () 0.21 £ 0.05* 0.20 + 0.04™ 0.19 + 0.02°"
Collum length (C) 1.28 + 0.09* 1.24 +0.09* 1.25 + 0.06°*

Note: the arithmetic mean and standard deviation are given for characterics.

For Diplopoda’s representatives, as well as for the majority of arthropods, sexual dimorphism is inherent. It appears as
difference in size and color, or as the body structure between the sexes. According to the results of the measurement, sexual
dimorphism for individuals from natural ash-maple oakery (Novomoskovskyi district) is determined by the following features
(P<0.001): body width /, length of the antenna A, gnathochilarium length G, length of the lingular plates E, collum length C
(Table 3). Statistically significant difference between males and females is also observed by gnathochilarium size - females
has it wider (8.8%) and longer (6.3%) than males.

The results for individuals from natural maple-aspen oakery (Pavlogradskyi district) showed statistically significant data (P <
0.001) in length of antenna A, males has it 7.6% longer, meanwhile sexual dimorphism in antenna width a was absent (P >
0.05). No statistically significant differences is observed in body length L, length of hindlimb £, and promentum width u.

For specimen from maple standing forest (Juriivskyi district) sexual dimorphism (P < 0.001) was noted for both main linear
characteristics of the body (females 23.8% shorter and 22.5% thinner than males), whereas in the other two plots males and
females significantly differ (P < 0.001) only by one main feature - width of the body /.

Structurogram of R. kessleri characteristics shows the connection level among the studied features (Fig. 2). In the natural ash-
maple oakery (Novomoskovskyi district) a group of five parameters stands out: body length (L), number of body segments (S),
telson length (7), antenna size (length A and width a). In the given pleiad, antenna width (a) can be considered as “indicator”
due to the highest correlation coefficient (0.98).

It should be noted that promentum size (width u and length U) is linearly independent from other parameters, which
examined in the studied forest biotope. With that, the integrity of morphological characteristics of diplopods is higher in
natural ash-maple oakery (Novomoskovskyi district) than in other plots. Thus, relative potency (G/k) is equal to 0.93, and
pleiad stability (D) is equal to 0.82.

In natural maple-aspen oakery (Pavlogradskyi district) relative potency (G/k) of pleiad is slightly low (0.64), and pleiad stability
is alike 0.84, what is almost equal to natural ash-maple oakery (Novomoskovskyi district). Indicator characteristic in this case is
the telson length (T) with a correlation coefficient of 0.99.

Structurogram of R. kessleri characteristics in maple standing forest (Juriivskyi district) represents environmental disorder.
Relative potency of this pleiad is equal to 0.07, and pleiad stability is alike 0.78. The integrity of morphological characteristics
is not explicit.

Sexual dimorphism was detected by size of the head and, accordingly, in all linear measurements of its parts (P < 0,001):
gnathochilarium width (g) and length (G), width (e) length (E) of lingular plates, promentum width (u) and length (U), column
length (C). It is interesting to note that statistically significant differences in the promentum width (u) for R. kessleri from
natural ash-maple oakery (Novomoskovskyi district) and natural maple-aspen oakery (Pavlogradskyi district) were absent.

Table 3. Statistical estimation of main morphometric characteristics of Rossiulus kessleri (Lohmander, 1927).

Natural ash-maple oakery Natural maple-aspen oakery Maple standing forest
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(Novomoskovskyi district)

Characte
ristics

Body
length (L),
mm

Body
width (/),
mm

Number
of
segments
S)

Length of
hindlimb

(A, mm

Telson

length (7),
mm

Length of
the
antenna
(A), mm
Width of
the
antenna
(a), mm
Gnatho-
chilarium
length (G),
mm
Gnatho-
chilarium
width (g),
mm
Length of
the
lingular
plates (E),
mm
Width of
the
lingular
plates (e),
mm
Promentu
m length
(U), mm

Promentu
m width

(), mm

Collum

S
e
X

Mean,
Standard
Error (M
£ mto,05)

Statistical
confidence within
sexual
dimorphism

Fo.05=4.19
Foop
8.31 0.006
43.1 <0.001
2.32 0.13
0.46 0.5
6.4 0.01
12.3 0.001
0.48 0.49
17.5 0.0001
7.43 0.009
25.7 <0.001
16.7 0.0002
4.97 0.04
2.08 0.15
431 <0.001

(Pavlogradskyi district)

S
e
X

Mean,
Standard
Error (M
1 mtg.o5)

320+
1.02
31.2+
0.92
2.81 +
0.15
2.38 %
0.07
48.4 +
0.44
479 +
0.48
115+
0.03
1.14
0.04
1.27 £
0.04
115+
0.04
1.83+
0.05
1.98 +
0.08
0.26 +
0.010
0.24 +
0.009
1.23 +
0.03
1.04 £
0.04
1.25+
0.02
1.09 +
0.03
0.49 +
0.02
0.40 =
0.015

0.23 +
0.008
0.21 ¢
0.01

0.35+
0.02

0.30 +
0.02

0.22 +
0.014
0.20 +
0.017
139+

Statistical
confidence within
sexual
dimorphism,

Fo.05=4.19

F P

1.18 0.28
26 <0.001
5.74 0.02
0.11 0.74
16.7 0.0002
10.1 0.002
14.9 0.0003
58 <0.001
71.9 <0.001
56.8 <0.001
8.25 0.006
12.2 0.001
1.77 0.19
28.2 <0.001

(Juriivskyi district)

S
e
X

d

Q

Mean,
Standard
Error (M
£ mto.05)

42.8 £
0.63
32.6 £
0.56
3.74 +
0.07
2.90 +
0.07
514+
0.68
499 +
0.29
132+
0.03
1.21 %
0.03
1.60 £
0.05
1.28 +
0.02
2.86 =
0.11
2.63 +
0.10
0.30 +
0.01
0.28 +
0.01
134+
0.02
1.10 £
0.03
1.40 +
0.02
1.08 +
0.02
0.47 +
0.01
0.38 +
0.007

0.24 +
0.006
0.21+
0.007

0.36 +
0.001

0.27 £
0.005
0.26 +
0.009
0.19+
0.005
1.62 £

Statistical
confidence within
sexual
dimorphism,

Fo.0s=4.19
F p
2101 <0.001
104.8  <0.001
6.27 0.015
1.1 0.002
50.1 <0.001
3.23 0.08
2.35 0.13
73 <0.001
141 <0.001
83.94  <0.001
16.6 0.0002
1525  <0.001
53.7 <0.001
63.4 <0.001
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length (C), 0.05 0.04 0.05
mm
g 1.29+ g 1.25% g 1.26+
0.04 0.04 0.01

Note: ¢ - female (n = 25), & - male (n = 25) for each biotope

In summary, the diplopods are functionally active soil-litter component of zoocoenosis. Due to their activity in forest
ecosystems, millipedes (in combination with other factors and processes) cause the naturalization of forest edaphotopes and,
ultimately, the sylvatization of biotopes as a whole.

Thus, Diplopoda is an important biological factor in edaphotopes optimization, contributing to a humus layer formation and
enhancing the ecological compatibility of forest vegetation with habitat conditions. We consider morphological variability of R.
kessleri reflect the sylvatization degree of studied forest ecosystems. This hypothesis is confirmed by calculated results of
relative potency: for R. kessleri individuals from natural forest ecosystems (Novomoskovskyi district, Pavlogradskyi district) this
index range within 0.6-0.9, while for specimens from standing forest (Juriivskyi district)it is close to zero and equal to 0.07.

Natural ash-maple oakery, within Natural maple-aspen oakery, within terrace Maple standing forest, within
subwatereshed-ravine landscape flood plain subwatereshed-ravine landscape
(Novomoskovskyi district) (Pavlogradskyi district) (Juriivskyi district)

— - — - moderate interaction strength (r = 0.4-0.7), strong interaction (r = 0.7-1.0)

Figure 2. Correlation structure of R. kessleri characteristics.

Conclusions

One indicator of the integrity of diplopods' morphological characteristics is pleiad intensity. It is established that 14
morphological characteristics of R. kessleri form major pleiades within natural forest conditions (subwatereshed-ravine
landscape and terrace flood plain). Therefore, the integrity of diplopods' morphological characteristics is weakened in
standing forest and manifests itself in natural forests. Relative potency value of correlation pleiades can be used for
diagnostics of forest stands naturalization within the steppe zone of Ukraine.
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