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Species of the family Lumbricidae (Oligochaeta) found
in uranium mining areas in Bulgaria
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Abstract. This paper presents the list of earthworms found in five affected by the uranium
mining activities areas in Bulgaria. For the whole period of study (2011-2016) ten species
belonging to six genera of family Lumbricidae were recorded. The genera Aporrectodea and
Lumbricus were represented by 3 species each, and the other four by one species only. Half
of all registered earthworms were endogeic. Three species (Aporrectodea rosea, Eisenia fetida
and Octolasion lacteum) were found in all sampling sites.

Key words: earthworms, species composition, Rhodope and Stara Planina uranium mining
regions.

Introduction

Earthworms are one of the most important animal groups inhabiting the soil,
strongly affecting both the structure and chemical properties of the soil (Darwin 1881; Zicsi
1975). Pollution with radionuclides and heavy metals influences the taxonomic composition
and diversity of earthworms in the affected environments. Uranium (U) mining and milling
activities produce millions of tons of material contaminated with radionuclides and heavy
metals (HMs) (Suzuki et al. 2005). Wind and water erosion of waste piles contaminate
natural and agricultural ecosystems, even when the mine is no longer active (Mahmoud et
al. 2005), so the radionuclide and HM contamination appear to be factors influencing the
earthworm diversity in these areas. Intensive U mining and milling in Bulgaria, which was
performed between 1946 and 1990 with an annual production of about 645 tons, caused
significant soil and water pollution. U production was ceased by Government decree in
1992, and mines and tailings were technically liquidated and gradually remediated. Some of
their surroundings are still highly contaminated, and additional contamination has been
observed from compromised mine and tailings reclamation. The earthworms are poorly
studied despite their importance in the anthropogenically affected areas in Bulgaria. Few
data have been reported until now (Tsekova & Sakelarieva 2020; Tsekova et al. 2022).

The aim of this study is to present and describe the species composition of
earthworms inhabiting environments impacted by U mining and milling activities.

Material and Methods

The study was carried out in the period 2011 - 2016 in 2 stages. The first stage
included sampling in 3 mine sites and a control one in the area of Eleshnitsa village and in
4 mine sites and a control one in the area of the U mine "Senokos" (near the village of
Senokos), all part of the Rhodope uranium mining region in Bulgaria. A total of 14 field
expeditions were conducted in May and October throughout the study period. In 2011,
sampling was also done in March and August, but due to the negligibly number of
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Lumbricidae specimens collected and the difficult digging conditions, the study focused only
on samples taken in May and October.

During the second stage, in the period 2015 - 2016, 6 new sites (3 mine and 3
control) were added and sampled in two areas of Buhovo mines (near the town of Buhovo
and Seslavtsi region) and in the U mining area “Iskra "(near the village of Katina), part of the
Stara Planina uranium mining region. Two field expeditions were conducted in each year of
the study (in May and October).

The taxonomic determination of the collected earthworms is done in laboratories at
Sofia University "St. Kliment Ohridski”, Bulgaria and University of Ecology and Biology in
Kragujevac, Serbia. The systematic status of the species is determined according to:
Blakemore (2008), Mrsic¢ (1991), Zicsi (1982), Sapkarev (1978), and Csuzdi & Zicsi (2003).

Results and Discussion
Ten species were identified during the study (Table 1).

Tablel. Checklist of the earthworm species found in all sampling sites for the whole period
of study (2011-2016).

Eleshnitsa Senokos Buhovo Seslavtsi Iskra Katina
Species
Mine  Contr Mine Contr Mine Contr Mine Contr Mine Contr

Al.chlorotica

Savigny, 1826 X

A.caliginosa

Savigny, 1826 X X X

A.trapesoides

Duges, 1828 X X

A.rosea

Savigny, 1826 X X X X X X X X X b4
B.rubidus

Eisen, 1874 X

E.fetida

Savigny, 1826 X X X X X X X X X b4
O.lacteum

Orley, 1881 X b4 b4 X X X X X X b4
L.rubellus

Hoffmeister, 1843 X X X X X X X X

L.meliboues

Rosa, 1884 X

L.terrestris

Linnaeus, 1758 X X

Number of species 4 4 8 6 3 3 7 S 4 4

The number of species varied between 3 (Buhovo) and 8 (Senokos mine). Common to
all sampling sites were the endogeic A. rosea and O. lacteum (very adaptable and in some
cases more able to survive in conditions of pesticide residues and heavy metals) and the
epigeic E. fetida (one of the species most capable of accumulating heavy metals, widely used
as a reference in various toxicity tests). These 3 species were the only members of
Lumbricidae family found in the Buhovo sampling site. All of them belong to widespread
genera, which are numerically dominant in arable lands, agricultural ecosystems, and other
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ecosystems with significant anthropogenic impact on soils. The species are cosmopolitan
(peregrine) due to their high adaptability and wide tolerance to many environmental factors.
Four species - A. rosea, E. fetida, O. lacteum, L. rubellus were identified from the Eleshnitsa
sampling sites (Table 1) and E. fetida was the most abundant one.

The number of Lumbricidae species at the Senokos mine sampling sites was higher
(8), compared to the control site (6). This may be due to the reclamation activities carried
out by spreading a humus layer, sand and natural fertilizers on the surface to create
conditions for the normal development of plants and soil species. The same six species were
found in both the mine sites and the control one (Table 1). Al chlorotica and B. rubidus were
found only on the territory of the mine. Both species prefer substrates rich in plant
residues, such as rotting wood and other plant matter, that are not typical of the study area.
For the whole study period, A. rosea was the most abundant species.

Seven species of earthworms (Table 1) were identified during the two-year study of
the mining areas close to Sofia. All of them were found in the Seslavtsi mine sampling sites,
and two of them, A. caliginosa and L. meliboues, were not found in the samples from the
control site. Again, the most abundant species was A. rosea. The species richness in the
mine sites and control sites was equal in the mine of Buhovo (3) and “Iskra” Katina (4)
(Table 1).

The most abundant species for the whole study period and for all sampling sites was
A. rosea. The species can be found among the roots of plants and in the upper soil layer
between 2 and 10 cm. It was repeatedly reported for Bulgaria by various authors
(Cernosvitov 1937; Plisko 1963; Mihailova 1964, 1966; Shapkarev 1986; Stojanovi¢ et al.
2012, Valchovski 2014; Valchovski & Szederjesi 2016).

The dominance of species such as A. rosea, E. fetida and O. lacteum, which are
tolerant to various environmental conditions and disturbances, can be considered as a
result of the intensive anthropogenic activity accompanying the production of U.
Communities that include more sensitive species are an indicator of more favorable
environmental conditions (Ivask & Kuu 2005). Three of the species identified during the
study (AL chlorotica, B. rubidis, L. meliboues) were found only in in mine sampling sites, but
with low number of individuals (Tsekova & Lozev 2017, Tsekova & Sakelarieva 2020;
Tsekova et al. 2022). Other species were more abundant in the samples taken from the mine
sites in comparison with the control ones (Tsekova & Lozev 2017, Tsekova & Sakelarieva
2020; Tsekova et al. 2022). This is consistent with the Krivolutzkii's (1987, 1992) findings,
which showed that 2 years after the Chernobyl accident (1988), the number of earthworms
in the affected areas was higher than the one in the controls.

The species structure of the earthworm communities from the mines was strongly
deformed - a small number of species, presented with low number of individuals (Tsekova &
Lozev 2017, Tsekova & Sakelarieva 2020; Tsekova et al. 2022). Only the tolerant ones were
more abundantly represented, which indicated that the environmental conditions were
unfavorable for the lumbricid species.

Although the study does not report a direct adverse (lethal) effect of heavy metal
contamination on earthworms, it raises the question of whether U affected ecosystems can
provide optimal conditions for the development of this group of organisms? Due to the
limited number of studies on the topic, additional work is needed to contribute to the
knowledge on this issue.
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