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Abstract. Earthworms make up the bulk of the soil mesofauna and play an
important role in the transformation of organic matter, the formation of the
pedosphere, the regulation of the flows of matter, energy and information
in ecosystems. In this research, we have studied the species composition of
earthworms in urban and suburban ecosystems of the foothills of the Trans
Ili-Alatau. As a result of the work, 11 species of the Lumbricidae family
of the Oligochaeta class were discovered. 6 species out of them have been
discovered in our Republic: Aporrectodea rosea, Lumbricus rubellus, Lumbricus
castaneus, Octolasion lacteum, Dendrobaena octaedra and Aporrectodea caliginosa
are widespread. The genus Lumbricus is the most common in terms of the
number of individuals in the studied territories. Significant differences have
been established in the species composition of earthworms in technogenic
and natural biogeocenoses. The lumbricides are the absolute dominants in
two ecosystems. Along with the species composition of earthworms, seasonal
dynamics were also studied, it was found that their maximum activity is
observed at the most favorable ratio of temperature and humidity.
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Introduction

The soil, having a high absorption capacity, is the main accumulator, sorbent and destroyer
of toxicants. The soil cover acts as a geochemical barrier to the migration of pollutants,
protects adjacent environments from anthropogenic influences. However, the possibilities
of soil as a buffer system are not unlimited [1, 2]. Thus, the accumulation of pollutants of
various origins in the soil leads to a change in its chemical, physical and biological state,
degradation and, ultimately, to the destruction. These negative changes are inevitably
accompanied by the impact of soils, primarily on biodiversity, the productivity of the biotic
component and the stability of biocenoses in general [3-5].

Currently, one of the vival environmental problems is the degradation of fertile black-
earth soils, accompanied by a decrease in humus reserves. Earthworms are active soil
generators that contribute to its accumulation and occupy a dominant position among
soil-bearing invertebrates [6]. To increase the fertility of degraded black-earth soils, it is
necessary to take measures to strengthen the role of these invertebrates, directly involved
in the formation of the humus horizon of soils. In this regard, the study of the features
of the formation of lumbricofauna in various biogeocenoses is an urgent problem of soil
zoology [7]. Information on the fauna and ecology of earthworms is necessary to solve
such practical problems as vermicultivation, supplementation of earthworms with the aim
of their subsequent acclimatization during soil development to increase fertility, as well
as to obtain biohumus in artificial conditions. However, the solution of these problems is
hampered by insufficient knowledge of the species composition and ecology of earthworms
in natural conditions [8].

Earthworm fauna in Kazakhstan are diverse in composition and consist of a number of
endemic species confined mainly to mountain regions. However, the dynamics and biotopic
distribution of the soil mesofauna of the territory of the Republic of Kazakhstan have not been
tully studied and presented only in a few works (A.A. Sokolov, 1956; A.I. Novak, 2015) [9, 10].

The purpose of the work is to study the species composition, the ecological structure of
lumbricofauna and the seasonal dynamics of earthworm activity in various ecosystems of
the foothills of the Trans Ili-Alatau.

Methodology

The work is based on the results of material processing, collected by the authors in
the foothills of the Trans Ili-Alatau, for the period from 2018 to 2021. The material on the
species composition of earthworms and the amount is presented in connection with their
distribution by types of ecosystems and soils of the Trans Ili-Alatau.

Comparison of data on the distribution of soil mesofauna, among which the most
represented group is lumbricides, in different seasons allows to study seasonal fluctuations
in the number of this group.

The research was carried out at the Department of biology of the Abai Kazakh national
pedagogical university.
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The accounting of soil mesofauna was carried out by the hand sampling method
recommended by M.S. Gilyarov (1965), which is generally accepted in soil and zoological
studies [11]. Soil invertebrates were taken into account when taking 0.25 sq.m. samples to
the depth of soil invertebrates. However, the study found that most pedomesobionts occur
within the first 40 cm of the soil profile. 12 samples were taken at each of the ten test sites.
Mesofauna was taken into account by hand mining of samples in the field in layers (bedding,
0-5 cm, 5-10 cm, 10-20 cm, 20-30 c¢m, 30-40 cm) [12, 13].

Earthworms were fixed with a weak (0.5%) formalin solution. All material was marked
where the date of excavation, the names of the area, the characteristics of the site, the sample
number in the numerator and the layer in the denominator were noted, after which a desk
determination of group affiliation was carried out. Identification of lumbricides was carried
out in accordance with the determination tables by T.S. Vsevolodova-Perel (1979) and V.G.
Matveeva (1982) [14].

During the study, a number of indicators were taken into account at the population level:
species composition, species abundance, density - the number of individuals per unit area,
biomass of lumbricides of the studied biogeocenoses, as well as the occurrence and number
of various groups of pedobionts. Data on quantitative accounting of lumbricofauna were
processed by methods of variation statistics (Quantitative methods..., 1987) [13]. For each
type, the arithmetic mean is calculated. The basis for faunal analysis was the principles for
studying the structure of the animal population, developed by Yu.l. Chernov (1975) [15].

Lumbricide biomass was determined by direct weighing of organisms. However, in the
case of lumbricides, the weight of the contents of the stomach and intestines must be taken
into account while weighing. So, the mass of the intestine of earthworms reaches 26-41% of
the total body weight (Geltzer, 1979) [16].

Lumbricides were accounted for in suburban and urban ecosystems. Urban ecosystems
were chosen for the reason that it is more exposed to man-made factors. Background
biocenoses act as a control object. Soil samples from 8 sites of Almaty City and the Almaty
region were obtained and studied as follows: 3 background sites on the northern slopes of
Ili Alatau and 5 experimental sites located in different parts of the city (Figure 1).

Figure 1. Location of the studied ecosystems
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Note: Suburban (background) biocenoses —northern slopes of Ili Alatau: 1 —spruce forest;
2 — mixed forest; 3 — alpine meadows; Urban biocenoses — soils near petroleum storage
depots, petrol stations and thermal power plants: 4 — soils near oil depots; 5 — soils near
petrol stations located in different parts of the city; 6 — soils near thermal power plants;

7 —soils along city busy highways; 8 — soils along national highways.

Discussion

In the studied ecosystems of Almaty and the foothills of the Trans Ili-Alatau, we have
identified representatives of the class Oligochaeta — the Lumbricidae family. Their species

composition and density are shown in Table 1.

Table 1

Species composition and average abundance of soil mesofauna in suburban and urban

ecosystems of Trans Ili-Alatau foothills (ex/m2)

Types of
Lumbricides

Suburban biocenoses

Urban biocenoses

1

2

3

5

6

7

Lumbriscus
rubellus
(Hoffinister,
1843)

1,31

1,24

3,54

0,57

0,68

0,47

0,78

Aporrectodea
rosea
(Savigni, 1826)

0,89

0,84

1,7

0,36

0,57

0,26

0,62

Lumbricus
terrestris
(Linnaeus,
1758)

0,72

3,12

0,66

0,32

1,5

Eisenia fetida
(Savigni, 1826)

0,62

1,32

0,45

0,92

0,72

Eisenia
nordenskioldi
(Eisen, 1879)

0,24

0,11

Octolasion
lacteum
(Orley, 1885)

0,84

1,1

0,7

Nicodrilus
caliginosus
(Eisen, 1874)

1,56

1,2

0,13

1,02

Aporrectoden
caliginosa
(Savigni, 1826)

2,02

0,91

1,14

0,74

0,5
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Note: Suburban (background) biocenoses - northern slopes of Ili Alatau: 1-spruce forest;
2-mixed forest; 3-alpine meadows; Urban biocenoses - soils near petroleum storage depots,
petrol stations and thermal power plants: 4-soils near oil depots; 5-soils near petrol stations
located in different parts of the city; 6-soils near thermal power plants; 7-soils along city
busy highways; 8-soils along national highways. «+» - single instances.

Earthworms (Lumbricidae) are found in all places, in both urban and suburban biocenoses.
To the present, we have registered 11 species of lumbricides in the studied soils of the region.
6 species out of them are Aporrectodea rosea (Savigni, 1826), Lumbricus rubellus (Hoffmeister,
1843), Lumbricus castaneus (Savigni, 1826), Octolasion lacteum (Orley, 1885), Dendrobaena
octaedra (Savigni, 1826) and Aporrectodea caliginosa (Savigni, 1826). They are widespread
and ecologically plastic species that are common in forest pricing subzones of the Trans
Ili-Alatau mixed forests. The largest number of Lumbricidae species noted for the fauna of
the Almaty region belong to the genus Lumbricus. Species of this genus make up almost
30% of the lumbricidofauna of biogeocenosis: Lumbricus rubellus, Lumbricus castaneus and
Lumbricus terrestris. The most widespread species is Lumbricus rubellus Hoffmeister, 1843 - a
small red worm. This species can reach a length of up to 50-150 mm, a width of 4-6 mm.
Pigmentation on the dorsal side is purple, the anterior end of the body is especially highly
pigmented, and the tail end is flattened (Vsevolodova-Perel, 1997) [17].

Lumbricus rubellus is a bedding species that prefers moist, humus-rich soil. This species
was recorded by us in all studied biogeocenoses. The distribution of this species is associated
with broad-leaved species. Thus, in birch and mixed forests, the share of L. rubellus ranged
up to 30%. However, the small red worm has also been observed in agrocenoses of both
suburban and urban biocenoses, where the species accounted for up to 25%. This is due to
the relatively high humus content in the soils of these biogeocenoses [18]. According to
the results of chemical analysis of the soil, it was revealed that the mass fraction of organic
matter in these biocenoses ranged up to 7% (Figure 2).

A B
Figure 2. Appearance of earthworms: a - Lumbricus rubellus, b - Aporrectodea rosea
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The largest representative of lumbricides is Lumbricus terrestris Linnaeus, 1758, which
reaches a length of 90-300 mm and a width of 6-9 mm. The pigmentation is violet to girdle,
lighter posteriorly with a dark middle stripe [19].

Lumbricus terrestris, or the great red worm, lives in deeper layers of soil, being an animal
which lives in a burrow [20]. This species also prefers humus-rich soils [21]. L. terrestris was
not registered by us in the birch forest and in the agrocenosis of the Karasai region. The
chemical analysis of the soil makes it possible to make the following assumption: the absence
of this species in these biotopes may be due to the fact that their soils have a relatively low
humus content — 3.5% and humidity — up to 12% [22].

Octolasion lacteum Orley, genus Octolasion, which reaches a length of 30-180 mm and a
thickness of 2-8 mm. This species has practically no pigment, although light gray specimens
with a bluish tint are most often found. Feeding only on soil humus, the upper-tier
cosmopolyte O. lacteum is able to live in waterlogged soils and withstand a long period of
oxygen deficiency [23]. So, in Trans Ili-Alatau, this species was recorded in a mixed forest,
where soil moisture during the study period was 25%. O. lacteum accounted for 17% of the
number of lumbricides found in this biocenosis.

Results

In natural biogeocenoses (sites 1-3), the dominant groups are earthworms (Lumbricidae),
which account for up to 75%. Subdominant larvae and adult insects (Insecta) make up 30%,
millipedes (Miriapoda) up to 24%, enhitraids (Enchytraedae) — 23%, (of the total abundance
of pedobionts).

In man-made territories (areas 4-8), earthworms of the Lumbricidae family accounted
for up to 70%, larvae and adults of insects 23%, millipedes 20%, enhitreids 10%. In weak
biocenoses located in the vicinity of the city of Almaty (plots 4, 5, 6), earthworms make
up 64% of the total number of pedobionts, millipedes make up 29%, insects — 21% and
enhitreids 8.5%.

Figure 3. Occurrence of the main groups of soil mesofauna in urban and suburban biogeocenoses
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Following Figure 3, you can notice a significant difference in soil mesofauna in natural and
man-made biogeocenoses. But in two ecosystems, the absolute dominants are lumbricides.
Earthworms, as one of the most numerous groups among other representatives of soil
invertebrates, can act as an indicator of soil conditions such as humus content and soil
moisture content.

Features of seasonal earthworm migrations in various biogeocenoses have been identified.
The study found that in the soils of mixed forest, the seasonal fluctuations of this group
of pedobionts are more smoothed than in birch or agrocenosis. However, even here, with
a long absence of rain, worms left for deeper layers of soils. The change in the number of
lumbricides during different periods of the growing season in birch and mixed forest is
presented in Figure 4.

Figure 4. Seasonal ratio of the amount of soil mesofauna

The level of pedobionts activity is not regulated by the amount of litter but depends
on the hydrothermal conditions of the environment, which determine, on the one hand,
the level of metabolic activity and the growth rate of soil invertebrates, and on the other,
the availability of the substrate. The main factors affecting the decay rate of plant litter
are humidity and temperature characterized by high dynamics on the surface and relative
stability in the depths of the soils [24].

Each type of soil mesofauna inhabits soils with certain amplitudes of regime fluctuations.
Depending on the soil-ecological environmental conditions and the degree of anthropogenic
impact, the ratio of the main trophic groups also changes. In the case of a restorative effect,
the amount of organic matter decreases, the proportion of litter inhabitants and upper soil
horizons in the species structure decreases.
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Conclusion

As a result of soil-zoological studies, it was possible to establish the connection of the
distribution of earthworms with soil-ecological conditions. The ecological and faunal
characteristics of soil oligochaetes of the Lumbricidae family are presented. A. rosea, L.
rubellus, O. lacteum are the most common. The species composition of lumbricides varies in
different biotopes. In natural biogeocenoses, the number of earthworms is greater than in
man-made areas. This is due to the physicochemical parameters of soils and environmental
characteristics of a certain species.

While studying the seasonal dynamics of soil mesofauna, it was established that the
change in the number of individual species of all identified mesofauna groups is associated
with seasonal fluctuations in hydrothermal conditions and the dynamics of the arrival and
decomposition of organic matter in soil ecosystems.
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TaGury OuoreoneHo3jap MeH TeXHOTeHAik ayMaKTapaarbl Lumbricidae Typaik
KypaMbIHa 9K0OA0TUAABIK-payHaabIK TaaAay

Angaatna. JKayslH KypTTapbl TOIbIpaK Me3Oo(dayHachIHBIH HeTisri 0eairiH Kypaiigbl >KoHe
OpraHMKaABIK 3aTTapAblH ©3repyiHge, IejocepaHblH KaAbIITacyblHAQ, DKOXYlleaepJeri 3art,
DHEPTI: KoHe aKllapaT arblHAapblH peTTey/Je MaHbI3Abl poa aTKkapaabl. bya seprrey >KympIchiHAA
Ire AaaraybiHBIH Tay OeKTepiHAeri KaadaAblK >KoHe Kada MaHBIHAAFBl DKOXKYiielepaeri >KayblH
KYPTTapbIHBIH Typaik Kypambl 3eprreagi. JKymbic netmkecinge Oligochaeta xaackiHaarbr
Lumbricidae TykpiMaacsiabg 11 Typi aHbIKTaaAbL PecriybankaMbI3ga 0aapAbIH 6 Ty pi: Aporrectodea
rosea, Lumbricus rubellus, Lumbricus castaneus, Octolasion lacteum, Dendrobaena octaedra
>koHe Aporrectodea caliginosa keH Tapaarad. Lumbricus TyksIMAacel 3epTTeAreH ayMakKTapAaFrbl
Aapajap caHbl OOVIBIHIIIA eH KeIl TapaAraH. TexHoreHAiK >koHe TaOuFy OMoreoleHoO3Japda >KayblH
KYPTTaphIHBIH TYPAiK KYPaMBIHBIH aliTapAbIKTall albIpMalllblABIKTapbl aHbIKTaAAbl. bipak, exi
DKOXYIeae Ae aDCOAIOTTiI AOMMHAHTTap AIOMOpuLATep 004bII TabbLAaABL. JKaybIH KYpPTTapbIHBIH
TYp4iK KypaMbIMeH KaTap, MayChIMABIK JAMHAaMMKachl Aa 3epTreadi, OAapAblH MaKCHMaAAbl
OeaceHAiAiri TeMIlepaTypa MeH BLAFAAABLABIKTEIH €H K0AallAbl apaKaThIHACBIHAA OallKaaAbl.

TyiiiH ce3aep: )XaybIH KYPTTaphl, 9KOAOTUAABIK-(PayHaAbIK TaaAay, TYPAiK KypaM, MayChIMABIK,
AuHaMuKa, lae Aaaraysl.

. Cepuoexkxknisnrl, K.JM. bareiposal, b.K. Ecumos?, P.Y. Caumosal, A.M. Aritinan?, X. Kou
I.C 0 L, KN. b LB.K.E LPY.C 1LAM. A 2 X. Kou?®
'Kasaxcxuii nayuonarvroli nedazozuveckuii ynusepcumem um. Abas, Aavmamol, Kasaxcman
?Kasaxcmarncko-Poccutickuti medunyurckuti ynusepcumem, Aamamot, Kasaxcman
SYrusepcumem Myeaa, Myeaa, Typuus

DK0a0r0o-payHNCTUIeCKNUIT aHaAM3 BIAOBOTO cocTaBa Lumbricidae ecrecTBeHHBIX
OMOreoI1eHO30B ¥ TEXHOTeHHBIX TeppUTOPUIL

AnHOTatmsa. /oXJeBble 4epBUM COCTaBASIOT OCHOBHYIO YacThb IIOYBEHHOI Me3odayHbl U
UTPAIOT BaXKHYIO pOAb B TpaHCPOPMAIIUN OPTaHIMIECKOIO BelrecTsa, GpopMmpoBaHnu neiocdepsi,
peryAupoBaHny IIOTOKOB BelllecTBa, DHeprum u uHPOpMalMUM B DKOcucTeMax. B gaHHOM
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MCCA€AOBAaHMII MBI M3YYMAM BUAOBOM COCTaB AOXKAEBBIX UepBeil B TOPOACKMX U IIPUTOPOAHBIX
®KocucTeMax npearopuit 3ananiickoro Aaaray. B pesyabraTte padboTs 65140 0OHapy>keHo 11 BuaoB
cemerictBa Lumbricidae kaacca Oligochaeta. 113 Hux 6 Buaos: Aporrectodea rosea, Lumbricus
rubellus, Lumbricus castaneus, Octolasion lacteum, Dendrobaena octaedra m Aporrectodea
caliginosa sBASAIOTCA IIMPOKO paclpoOCTpaHEeHHBIMIU B Hamell pecryOauke. Pog Lumbricus
sIBAsIeTCSl Hanbo.Aee pacIpOCTpaHeHHBIM 110 KOAMYECTBY 0CODeil B 1CCAeAOBaHHBIX TePPUTOPUSIX.
YcTaHOBAEHBI 3HauNMTE/AbHblEe OTAMYMS BUAOBOTO COCTaBa AOXKAEBBIX UYepBell B TEXHOTE€HHBIX U
eCcTeCTBeHHBIX OmoreorieHoszax. Ho u B AByx ®»KocucTeMax aOCOAIOTHBIMU AOMMHAHTaMU SIBASIOTCS
A1oMOpunuasl. Hapsiay ¢ BUAOBBIM COCTaBOM AO>KAEBBIX YepBell 3yJalach U Ce30HHasI AMHAMIKa,
OBLA0 yCTaHOBAEHO, YTO X MaKCMaAbHas akTMBHOCTL HaDAI0AaeTcs ITpy Hanbo.aee 0.1aronpusTHOM
COOTHOIIIEHNY TeMIIepaTy Pl U BAAKHOCTI.

KaioueBble caoBa: goXKAeBble uYepBU, DKOAOTO-PayHUCTUUECKUII aHaANU3, BUAOBOI COCTaB,
Ce30HHAasl AMHAMMKa, 3auANINCKNUIT AaaTay.
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