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The earthworm fauna and population structure in Colchic ecosystems of the southern slope in the Western
Caucasus were studied. First, in May 2013 we have sampled earthworms of the forest communities. This
research was repeated in 2018 after Buxus sempervirens L. destruction by Cydalima perspectalis Walker
(Lepidoptera, Crambidae). Altogether 13 earthworm species were registered in the soils of original B. sem-
pervirens phytocenose and derived phytocenoses of the Western Caucasus. Endemicity of earthworms in
the study area was higher than in most regions of Russia. The earthworm samples in 2013 and 2018 were
similar in species composition, but differed in terms of dominant species. The structure of the earthworm
population in the soils of the secondary phytocenoses has become closer to the earthworm communities of
the other forests in the Western Caucasus. Analysis of the relative position of taxocenes in 2013 and 2018
space NMDS model, allows to put forward a hypothesis about the reduction of their total “ecological niche”
after the disappearance of B. sempervirens. We believe that a broader “ecological niche” in 2013 is associated
with a greater mosaicism (diversity) of the worm habitat formed by boxwood communities.
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Introduction

Earthworms are saprophages and less mo-
bile animals prevailing in abundance and bio-
mass in most terrestrial ecosystems [Markert,
Breure, Zechmeister, 2003; Karlen et al.,, 2008;
Blouina et al., 2013]. The composition and
abundance of the earthworms are often used for
habitat characteristics [Gilyarov, 1965; Pfiffner,
Mader, 1997; Paoletti, 1999; Kingston, 2001;
Blakemore, Paoletti, 2006; Paoletti et al., 2007;
Lavelle et al., 2007, 2016; Peigné et al., 2009;
Paoletti et al., 2013; Falco et al., 2014; Le Bay-
on, Bullinger-Weber, Schomburg, 2017]. Earth-
worms can be considered as bioindicators, since
they are most studied as compared to other in-
vertebrates. However, some aspects, such as
the effect of changing the edificator of the phy-
tocenosis on the composition and structure of
the earthworm population, have been less stud-

ied, as they require a long period of time and
well-executed geobotanical descriptions of plant
communities [Scheffer, Achterberg, Beltman,
1984; Vsevolodova-Perel, Sizemskaya, 2007;
Morrison, Bohlen, 2010; Vsevolodova-Perel,
Sizemskaya, Kolesnikov, 2011; Hlava, Kopecky,
2013; Geraskina, 2016; Sizemskaya, Vsevolodo-
va-Perel, 2017].

The recent environmental catastrophe is the
loss of natural populations of the species from
the Buxus genus in Europe and the Asian part
of the Caucasus due to the invasion of the box
tree moth, Cydalima perspectalis Walker (Lep-
idoptera, Crambidae) [Leuthardt, Glauser, Baur,
2013; Nacambo, Leuthardt, Wan et al., 2014;
Colchis boxwood..., 2016]. The blight was first
registered in Western Europe in the late 1990s, in
Turkey and Georgia in 2010, in Russia (Krasno-
dar region, Adygea) and Abkhazia in 2012-2015
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when it started to destroy native Buxus stands
[Gorgiladze et al., 2011; Leuthardt, Glauser &
Baur, 2013; Mitchell, Chitanava, Dbar et al.,
2018]. The invasion of C. perspectalis into the
territory of Russia, Abkhazia, Georgia and Tur-
key caused the extinction of all natural popula-
tions of Colchis boxwood (Buxus sempervirens
L. (= Buxus colchica Pojark).

B. sempervirens is a relict protected species,
an edificator and subedificator of phytocenoses
within the unique Colchic ecosystem, which is
over 15 million years old [Kolakovskiy, 1961;
Mitchell et al., 2018]. There is a unique micro-
climate of higher humidity and low-level illu-
mination in the forests with B. sempervirens;
and the vegetation cover is characterized by
simplified structure of the grass layer up to its
total reduction [Grossheim, 1936]. We suggest
that the disappearance of B. sempervirens in the
existing ancient ecosystem will result in a num-
ber of changes in its composition, structure and
functioning. The increase of insolation of the soil
cover and changes in the hydrological regime of
the biogeocenoses can be registered.

Earthworms are key species, or ecosystem
engineers [Jones et al., 1994; Lavelle etal., 1997;
Tiunov et al., 2006; Holdsworth et al., 2007],
and they are important components of the soil
systems. Therefore, it is necessary to reveal how
the plant succession will affect the population of
earthworms, as this will lead to a change in the
soil population as a whole.

In this study, we compare of earthworm taxo-
cenes in the soils with B. sempervirens covers
and after disappearance of B. sempervirens from
the woody-shrub layer of Colchic ecosystems in
the southern slope of the Western Caucasus.

This is an excerpt of the article “Preliminary
estimation of the influence of Cydalima perspec-
talis invasion on the species composition and
structure of earthworm population (Oligochaeta:
Lumbricidae, Acanthodrilidae) in the range of
Buxus sempervirens (western Caucasus)”. Full
text of the paper is published in Russian Jour-
nal of Biological Invasions. DOI: 10.31857/
S207511172104XXXYYY.

References

Abramov A.V., Puzachenko A.Y. Sexual dimorphism of
craniological characters in Eurasian badgers, Meles spp.

(Carnivora, Mustelidae) / Zool. Anz. 2005. V. 244. P.
11-29. https://doi.org/10.1016/j.jcz.2004.12.002.

Abramov A.V., Puzachenko A.Y., Wiig @. Cranial varia-
tion in the European badger Meles meles (Carnivora,
Mustelidae) in Scandinavia // Zool. J. Linn. Soc. 2009.
V. 157. P. 433-450. https://doi.org/10.1111/j.1096-
3642.2009.00507.x.

Blakemore R.J., Paoletti M.G. Australian Earthworms as a
natural agroecological resource // Annals of Arid Zone.
2006. V. 45. P. 309-330. Available: http://www.bio.unipd.
it/agroecology/download/pdf/papers/2006/Bioiindica-
tors-Blkemore-Paoletti-Australian-Earthworms.

Blouina M., Hodsonb M., Delgadoc E.A., Bakerd G., Brus-
saarde L., Buttf K.R., Daig J., Dendoovenh L., Peresi G.,
Tondohj J.E., Cluzeauk D., Brunl J.-J. A review of earth-
worm impact on soil function and ecosystem services //
European Journal of Soil Science. 2013. V. 64. P. 161-182.

Bouché M.B. Stratégies lombriciennes // Soil Organisms
as Components of Ecosystems / Eds. Lohm, U. and T.
Persson // Ecological Bulletin. 1977. V. 25. P. 122—-132.

Bouché M.B., Lombriciens de France, Ecologie et Sys-
tématique. Paris: Institut National de la Recherche
Agronomique, 1972. P. 1-671.

Carscadden K.A., Emery N.C., Arnillas C.A., Cadotte M.W.
Niche breadth: causes and consequences for ecology,
evolution, and conservation // The quarterly review of
Biology. 2020. V. 95. No. 3. P. 180-2014.

Cattell R.B. The scree test for the number of factors // Mul-
tivariate Behav. Res. 1966. Ne 1. P. 245-276, https://doi.
org/10.1207/s15327906mbr0102_10.

Chase J.M., Leibold M.A. Ecological Niches: Linking Clas-
sical and Contemporary Approaches. Chicago (Illinois):
University of Chicago Press. 2003. 221 p.

Chernov Y.I. Main synecological characteristics of soil
invertebrates and methods of analysis. Methods of soil
zoological research. Moscow: Nauka, 1975. P. 160-216.
(in Russian).

Clements F.E. Nature and structure of the climax // Journal
of Ecology. 1936. V. 24. P. 254-282.

Colchis boxwood — Buxus colchica: retrospective and cur-
rent status of populations (monograph) / Ed. B.S. Tuni-
yev. Proceeding of the Sochi National Park, Moscow:
Buki Vedi, 2016. 205 pp. (in Russian).

Csuzdi Cs., Zicsi A., Earthworms of Hungary (Annelida:
Oligochaeta; Lumbricidae), // Hungarian Natural History
Museum, Budapest, 2003. 271 p.

Csuzdi Cs., Zicsi A., Misirlioglu M. An annotated checklist
of the earthworm fauna of Turkey (Oligochaeta: Lum-
bricidae) // Zootaxa. 2006. V. 1175. P. 1-29.

Davison M.L. Introduction to Multidimensional Scaling and
Its Applications // Appl. Psychol. Meas. 1983. V. 7. P.
373-379. https://doi.org/10.1177/014662168300700401.

Edwards C.A., Bohlen P.J. Biology of Earthworms. London:
Chapman & Hall, 1996. 426 p.

Efremov A.N., Golovanova E.V., Sviridenko B.F.,
Litau V.V,, Liflandsky A.E., Soloviev N.N. Integrat-
ed ecological estimation of the state of the Imereti
Lowland biogeocenoses (by the example, engineering
infrastructure objects // Engineering Surveys. 2011. Ne
1. P. 44-51. (in Russian).

POCCHUMCKUIA )XYPHAJI BUOJIOTMUECKHUX MHBA3HUIA Ne 4, 2021 179



Falco L.B., Sandler R.V., Momo F.R., Di Ciocco C.A.,
Saravia L.A., Coviella C.E., Earthworm assemblages in
different intensity of agricultural uses and their relation
to edaphic variables // Peer J. PrePrints, 2014, https://
doi.org/10.7287/peerj.preprints.722v1.

Forkman F.J. Coefficients of Variation — an Approximate
F-Test // Licentiate thesis. 2005, 63 pp. ISSN 1652-3261.
ISBN 91-576-6886-8.

Gavinelli F., Barcaro T., Csuzdi C., Blakemore R.J., Fer-
nandez Marchan D., De Sosa 1., Dorigo L., Lazzarini F.,
Nicolussi G., Dreon A.L., Toniello V., Pamio A., Squarti-
niA., Concheri G., Moretto E., Paoletti M.G. Importance
of large, deep-burrowing and anecic earthworms in
forested and cultivated areas (vineyards) of northeastern
Italy // Appl. Soil Ecol. 2017. V. 123 P. 751-774. https://
doi.org/10.1016/j.aps0il.2017.07.012.

Geraskina A.P. Earthworms (Oligochacta, Lumbricidae)
in the vicinity of the village Dombay of the Teberda
Reserve (North-West Caucasus, Karachay-Cherkessia)
// Trudy zoologicheskogo instituta RAN. 2016. Ne 4. P.
450-466. (in Russian).

Geraskina A.P., Shevchenko N.E. Biotopic confinement of
earthworms in intact forests of the Teberda Biosphere
Reserve // Lesovedeniye. 2018. Ne 6. P. 464-478. (in
Russian).

Gilyarov M.S. Methods of soil zoological researches. Mos-
cow: Nauka, 1975. 280 p. (in Russian).

Gilyarov M.S. Zoological method for soil diagnostics.
Moscow: Science, 1965. 280 p. (in Russian).

Gorgiladze L., Meparishvili G., Sikharulidze Z., Natsarish-
vili K., Davitadze R. First report of box blight caused by
Cylindrocladium buxicola in Georgia // New Dis. Rep.
2011. V. 23. P. 24.

Gorodkov K.B. Types of insect ranges in tundra and forest
zones of the European part of the USSR, in Ranges of
Insects of the European Part of the USSR. Leningrad:
Nauka, 1984. P. 3-20. (in Russian).

Grossheim A.A. Analysis of the flora of the Caucasus. Baku,
1936. 269 p. (in Russian).

Gulisashvili V.Z., Makhatadze L.B., Prilipko L.I. Vegeta-
tion of the Caucasus. Moscow: Nauka, 1975. 233 pp.
(in Russian).

Hammer @., Harper D.A.T., Ryan P.D. PAST: Paleontolog-
ical Statistics software package for education and data
analysis // Palaeontologia Electronica. 2001. Ne 4. http://
palaco-electronica.org/2001 1/past/issuel 01.htm.

Hlava J., Kopecky O. Earthworm population responses
to deciduous forest soil acidity and vegetation cover //
Scientia agriculturae bohemica. 2013. V. 44. P. 133-137.

Holdsworth A.R., Frelich L.E., Reich P.B. Regional extent of
an ecosystem engineer: earthworm invasion in Northern
hardwood forests // Ecological Applications. 2007. V.
17. P. 1666-1677.

Ivantsiv V.V., Production of egg cocoons by lumbricides
and enchytrids (Annelida: Oligochaeta: Lumbricidae,
Enchytraeidae) in the western regions of Ukraine // Vis.
Lviv. un-tu. Avg. Biological. 2003. V. 34. P. 165-172.
(in Ukrainian).

Jeschke J., Aparicio L.G., Haider S., Heger T., Lortie C.,
Pysek P., Strayer D. 2012. Support for major hypotheses

in invasion biology is uneven and declining // Neo Biota.
V. 14. P. 1-20.

Jones C.G., Lawton J.H., Shachak M. Organisms as Ecosys-
tem Engineers // Oikos. 1994. V. 69. P. 373-386.

Karlen D.L., Andrews S.S., Wienhold B.J., Zobeck T.M. Soil
quality assessment: past, present and future // J. Integr.
Biosci. 2008. Ne 6. P. 3—14.

Khalafyan A.A. Statistica 6, Statistical data analysis. Mos-
cow: Binom-Press, 2007. 512 pp.

Kingston T. Soil fauna and the sustainability of arable soils:
the earthworm viewpoint // Soil Health: The Foundation
of Sustainable Agriculture. Proceedings of a Workshop
on the Importance of Soil Health in Agriculture, 2001.

Kolakovskiy A.A. The flora of Colchi. Moscow: Izd-vo
Moskovskogo un-ta, 1961. 460 pp. (in Russian).

Kooch Y., Hosseini S.M., Mohammadi J., Hojjati S.M. The
effects of gap disturbance on soil chemical and biochem-
ical properties in a mixed beech-hornbeam forest of Iran
// Ecologia Balkanic. 2010. Ne 2. P. 39-56.

Kunakh O.M., Zhukov O.V., Pakhomov O.E. Mopdornoris
nomoux uyeps’skiB (Lumbricidae).: HaB4.-mMeToz. T1OCIO.
Juinponierpoebk: @OIT pura T. B., 2010. 52 c. (in
Ukrainian).

Kvavadze E.Sh. Earthworms (Lumbricidae) of the Cauca-
sus. Thilisi: Metsniyereba, 1985. 283 pp. (in Russian).

Lakin G.F. Biometrics. Moscow: Higher school, 1990. 352
pp. (in Russian).

Lavelle P., Bignell D., Lepage M., Wolters V., Roger P.,
Ineson P., Heal O.W., Dhilloin S. Soil function in a
changing world: the role of invertebrate ecosystem
engineers // European Journal of Soil Biology. 1997. V.
33..P. 159-193.

Lavelle P., Caro G., Hartmann C., Decaéns T., Barot S.,
Mora P., Mathieu J. Earthworms as key actors in self-or-
ganized soil systems // Ecosystem Engineers / Ed. K.
Cuddington. Academic Press, 2007. P. 77-107.

Lavelle P., Spain A., Blouin M., Brown G., Decaéns Th.,
Grimaldi M., Jiménez J.J., McKey D., Mathieu J., Velas-
quez E., Zangerlé A. Ecosystem Engineers in a Self-or-
ganized Soil: A Review of Concepts and Future Research
Questions // Soil Science. 2016. V. 181. P. 101-109.

Lazuk P.D., Forest types of the Khosta Reserved Forest,
Trudy Kavkazskogo, Gos. Zap. 1960. V. 6. P. 57-86. (in
Russian).

Le Bayon R.-C., Bullinger-Weber G., Schomburg A.,
Turberg P., Schlaepfer R., Guenat C. Earthworms as
ecosystem engineers: a review // Earthworms- Types,
Roles and Research. / Ed. C.C. Horton. New York: Nova
Science Publishers Inc., 2017. P. P 129-77.

Leuthardt F.L.G., Glauser G., Baur B. Composition of
alkaloids in different box-tree varieties and their uptake
by the box-tree moth Cydalima perspectalis // Chemo-
ecology. 2013.V. 23. P.203-212. DOI: 10.1007/s00049-
013-0134-1.

Markert B.A., Breure A.M., Zechmeister H.G. Definition,
strategies and principles for bioindication/biomonitoring
of the environment // Bioindicators & biomonitors / Eds
B.A. Markert A.M. Breure H.G. Zechmeister. Oxford:
Elsevier science Ltd, 2003. Ne 6. P. 3-40.

180 POCCUMCKUIA )XYPHAJI BUOJIOTMUECKMUX MHBA3HUIA Ne 4, 2021



Meshcheryakova E.N., Berman D.I. Cold hardiness and
geographic distribution of earthworms (Oligochaeta,
Lumbricidae, Moniligastridae) // Entomological Review.
2014. V. 94. P. 486-497.

Mirkin B.M. Theoretical foundations of modern phyto-
cenology. Moscow: Nauka, 1985. 137 pp. (in Russian)

Mitchell R., Chitanava S., Dbar R., Kramarets V., Lehti-
jarvi A., Matchutadze 1., Mamadashvili G., Matsiakh
1., Nacambo S., Papazova-Anakieva I., Sathyapala Sh.,
Tuniyev B., Vétek G., Zukhbaia M., Kenis M. Identifying
the ecological and societal consequences of a decline
in Buxus forests in Europe and the Caucasus // Biological
Invasions. 2018. V. 20. P. 3605-3620.

Morrison W.R., Bohlen P.J. Influence of Vegetation on In-
vertebrate Communities in Grazed Freshwater Wetlands
in South-Central Florida // Southeastern Naturalist. 2010.
Ne 9. P. 453-464.

Nacambo S., Leuthardt F.L,G., Wan H., Li H., Haye T., Baur
B., Weiss R.M., Kenis M. Development characteristics
of the box-tree moth Cydalima perspectalis and its po-
tential distribution in Europe // J. Appl. Entomol. 2014.
V. 138. P. 14-26.

NCSS 12 Statistical Software, NCSS, LLC, 2018, Kaysville,
Utah, ncss.com/software/ncss.

Odum E.P. Fundamentals of ecology. Philadelphia: W. B.
Saunders Company, 1953. 383 pp.

Omodeo P., Rota E. Earthworms of Turkey II / Bolletino
di zoologia. 2005. V. 58. P. 171-181.

Paoletti M.G. Invertebrate biodiversity as bioindicators of
sustainable landscapes, Practical use of invertebrates to
assess sustainable land use // Agriculture, Ecosystems
and Environment. 1999. V. 74. P. 1-446.

Paoletti M.G., Favretto M.R., Stinner B.R., Purrington F.F.,
Bater J.E. Invertebrates as bioindicators of soil use //
Agric. Ecosyst. Environ. 1991. V. 34. P. 341-362.

Paoletti M.G., Sommaggio D., Fusaro S. Proposta di in-
dice di qualita biologica del suolo (QBS-¢) basato sui
lombrichi e applicato agli agroecosistemi // Biologia
Ambientale. 2013. V. 27. P. 25-43.

Paoletti M.G., Thomson L.J., Hoffmann A.A. Using inver-
tebrate bioindicators to assess agricultural sustainability
in Australia: proposals and current practices // Aust. J.
Exp. Agric. 2007. V. 47. Ne 4. P. 379-383.

Peigné J., Cannavaciuolo M., Gautronneau Y., Aveline A.,
Giteau J., Cluzeau D. Earthworm populations under dif-
ferent tillage systems in organic farming // Soil Tillage
Res. 2009. V. 104. P. 104-214.

Perel T.S. Die Regenwiirmer der Reliktwilder des westli-
chen Transkaukasien und des Talysch-Gebictes (Earth-
worms of the relict forests of Western Transcaucasia and
the Talysh region) // Pedobiologia. 1967. Ne 7. P. 93—120.

Perel T.S. Life forms of earthworms (Lumbricidae) //
Zhurnal Obshhey Biologii. 1975. V. 36. P. 189-202. (in
Russian).

Perel T.S. Range and regularities in the distribution of earth-
worms of- the USSR fauna (with keys to Lumbricidae
and other Megadrili). Moscow: Nauka, 1979. 272 pp.
(in Russian).

Perevozov A.G., Trepet S.A. Yew-boxwood grove. Adler,
2012. 63 pp. (in Russian)

Peterson A.T., Soberdn J., Pearson R.G., Anderson R.P,,
Martinez-Meyer E., Nakamura M., Aratjo M. B. Eco-
logical Niches and Geographic Distributions. Princeton
(New Jersey): Princeton University Press. 2011. 328 p.

Pfiffner L., Mader P. Effects of Biodynamic, Organic and
Conventional Production Systems on Earthworm Pop-
ulations, Biological Agriculture and Horticulture. 1997.
V. 15. P. 2-10.

Polechova, J., Storch, D. Ecological Niche. Reference
Module in Earth Systems and Environmental Sciences
// Encyclopedia of Ecology 2008. P. 1088—1097.

Prokonova T.V. Mechanisms of adaptation of earthworms
(Oligochaeta, Lumbricidae) to a decrease in soil moisture
in the forest-steppe landscapes of the Central Ciscauca-
sia // Ecological problems of mountain areas. Moscow:
KMK, 2006. P. 63-66. (in Russian).

Qiao H., Escobar L.E., Peterson A.T. Accessible areas in
ecological niche comparisons of invasive species: Rec-
ognized but still overlooked // Scientific Reports. 2017.
V. 7.1213 p. DOI:10.1038/s41598-017-01313-2

Rapoport I.B. Fauna, structure of communities and vertical
and zonal distribution of the earthworms (Oligochaeta,
Lumbricidae) in the central part of the Kuban variant of
vertical zonation (North-Western Caucasus, Republic
of Adyghea) // Vestnik Adygeyskogo gosudarstvennogo
universiteta. 2014. V. 147. P. 77-84. (in Russian).

Rapoport I.B., Tsepkova N.L. Earthworm Populations
(Oligochaeta, Lumbricidae) in the Basin of the Middle
Reaches of the Bol’shaya Laba River (Northwestern
Caucasus, Buffer Zone of Caucasian Nature Reserve) //
Biology Bulletin. 2019. V. 46. P. 12-29.

Rapoport 1.B., Vertical distribution of earthworms (Oli-
gochaeta, Lumbricidae) in the central part of the North
Caucasus // Zoologicheskiy Zoornal. 2013. Ne 1. P. 3—10.
(in Russian).

Rapoport 1.B., Zenkova 1.V., Tsepkova N.L. Earthworm
(Oligochaeta, Lumbricidae) Populations of the Karasu
River Basin (Central Caucasus) // Biology Bulletin. 2017.
V. 44.P. 941-951.

Raw F. Earthworm population studies: a comparison of
sampling methods // Nature. 1960. V. 187. P. 257.

Sariyildiz T., Kii¢iikk M. Litter mass loss rates in deciduous
and coniferous trees in Artvin,northeast Turkey: Rela-
tionships with litter quality, microclimate, and soil char-
acteristics // Turkish journal of Agriculture and Forestry.
2008. V. 32. P. 547-559.

Sariyildiz T., Tifek¢ioglu A., Kiiglik M. Effect of aspect
and slope position on decomposition of Picea orientalis
needle litter grown in Artvin Region // International
Soil Congrees (ISC) on Natural Resource Management
for Sustainable Developments, proceedings, Erzurum,
Turkey. 2004. P.45-53.

Sattler T., Bontadina F., Hirzel A .H., Arlettaz R. Ecological
niche modelling of two cryptic bat species calls for a
reassessment of their conservation status // Journal of
Applied Ecology. 2007. V. 44. P.1188-1199.

Scheffer M., Achterberg A.A., Beltman B. Distribution of
macroinvertebrates in a ditch in relation to the vegetation
// Freshwat. Biol. 1984. V. 14. P. 367-370.

POCCHUMCKUIA )XYPHAJI BUOJIOTMUECKHUX MHBA3HUIA Ne 4, 2021 181



Schelthout S., Mertens J., Verheyen K., Vesterdal L., Baeten
L., Muys B., De Schrijver A. Tree species identity shapes
earthworm communities // Forests. 2017. Ne 8. P. 85-105.

Sizemskaya M.L., Vsevolodova-Perel T.S. Earthworms
(Lumbricidae, Annelida) as a Component of Artificial
Forest Ecosystems in the Northern Caspian Semidesert
// Biology Bulletin. 2017. V. 44. P. 54-59.

Smirnova O.V., Toropova N.A. Methodological approach-
es and methods for assessing the climax and succession
state of forest ecosystems (on the example of East
European forests) // Lesovedenie. 2004. Ne 3. P. 15-27.
(in Russian).

Smirnova O.V., Toropova N.A. Potential Vegetation and
Potential Ecosystem Cover // Biology bulletin reviews.
2017. V. 7. Ne 2. P. 139-149. (in Russian).

Stigall A.L. The Invasion Hierarchy: Ecological and Evolu-
tionary Consequences of Invasions in the Fossil Record
// Annual Review of Ecology, Evolution, and Systemat-
ics. 2019. V. 50. Ne 1. P. 355-380.

Stojanovi¢ M., Karaman S., Further contribution to knowl-
edge of the earthworm of Sumadija (Serbia) // Archives
of Biological Sciences. 2005. V. 57. P. 127-132.

Sukachev V.N. Biogeocenosis as an expression of the in-
teraction of animate and inanimate nature on the Earth’s
surface: the relationship between the concepts of “bio-
geocenosis”, “ecosystem”, “geographical landscape”
and “facies” // Foundations of forest biogeocenology.
Moscow: Science, 1964.P. 5-49. (in Russian)

Szederjesi T. The first combined checklist of earthworms
of the Northeastern Mediterranean region (Clitellata:
Megadrili) // Opuscula Zoologica. 2017. V. 48. P. 77-116.

The Plant List (2013). Version 1.1. Published on the Internet;
http://www.theplantlist.org/.

Tiunov A.V., Hale C.M., Holdsworth H.M., Vsevolodova-Perel
T.S. Invasion patterns of Lumbricidae into the previously
earthworm-free areas of northeastern Europe and the
western Great Lakes region of North America // Biological
Invasions Belowground: Earthworms as Invasive Species
/ Ed. PF. Hendrix. Dordrecht: Springer, 2006. P. 23-34.

Tokin B.P. Healing plant poisons. The story of volatile.
3-nd edition. Leningrad: Publishing House of Leningrad
University, 1980. 280 pp. (in Russian).

Vsevolodova-Perel T.S. The earthworms of the fauna of
Russia: cadaster and key. Moscow, 1997. 102 pp. (in
Russian).

Vsevolodova-Perel T.S., Sizemskaya M.L. Spatial struc-
ture of soil macrofauna in the Northern Caspian clay
semidesert // Biology Bulletin. 2007. V. 34. P. 629-634.

Vsevolodova-Perel T.S., Sizemskaya M.L., Kolesnikov
A.V. Changes in the Species Composition and Trophic
Structure of Soil Macrofauna upon Establishment of
Forest Plantation in the Caspian Semidesert // Biology
Bulletin. 2011. V. 10. P. 1050-1055.

Westhoff, V. and van der Maarel, E. The Braun-Blanquet
Approach. // Ordination and Classification of Commu-
nities / Eds. R.H., Whittaker, Dr. W. Junk. Dordrecht,
1973. P. 617-626.

Zernov A.S. Flora of the Northwest Caucasus. Moscow:
KMK Publishing House, 2007. 664 p. (in Russian).

Zicsi A., Michalis K. Ubersicht der Regenwurm-Fauna
Griechenlands (Oligochaeta: Lumbricidae) // Acta Zool.
Acad. Sci. Hungaricae. 1981. V. 27. V. 239-264.

182 POCCUMCKUIA )XYPHAJI BUOJIOTMUECKMUX MHBA3HUIA Ne 4, 2021



