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Abstract

The Lumbricidae family of brown forest soils in natural and agricultural ecosystems located in the central zones of the
Republic of Moldova has been investigated in May, 2021 and 2022. Earthworms sampling was carried out from test
cuts by manual sampling of soil layers to the depth of soil fauna occurrence. The number and biomass of Lumbricidae
family in natural brown soils are greater by 3.8-17.9 times and by 2.6-16.5 times compared to brown soils of
agricultural ecosystems. The highest values of abundance and biomass of earthworms were registered in the typical
brown forest soils under natural vegetation and the smallest values - in arable luvic brown forest soils. A characteristic
feature of the natural brown soils is the high concentration of invertebrates and Lumbricidae family in the upper layers
of soils. The species Lumbricus terrestris, Lumbricus rubellus, Aporrectodea caliginosa and Aporrectodea longa and
other were identified in the faunal samples from the natural brown forest soils.
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INTRODUCTION

Lumbricidae family belong to the phylum
Annelida, class Clitellata, subclass
Oligochaeta, order Opisthopora, superfamily
Lumbrcoidea.

Charles Darwin was the first scientist to draw
attention to the important role of earthworms in
soil formation processes (Darwin, 1881). The
structure-forming role of earthworms attracts
attention of many scientists (Lee & Foster,
1991; Edwards & Bohlen, 1996; Jouquet et al.,
2008; Lapied et al., 2009). The activity of
earthworms produces a significant effect, not
just on the structure, but also on the chemical
composition of the soil, since a large part of the
organic matter ingested by earthworms returns
to the soil in the form easily used by plants.
Earthworms contribute nutrients to the soil and
improve porosity, tilth, and root development
(Fragoso et al., 1997).

Earthworms are the dominant macrofauna and
a functionally significant component of the soil.
Lumbricidae family are recognized as a key
factor to the functioning of many terrestrial
ecosystems (Bartlett et al., 2010). Earthworms
can serve as indicators of anthropogenic land
use, soil quality and a factor for soil biological
site classification (Martinez-Salgado et al.,
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2010; Rombke et al., 2005; State of Knowledge
of Soil Biodiversity. Status, challenges and
potentialities. Report 2020. Retrieved from
Report Soil Biodiversity.pdf).

In the 1960s, nine species of earthworms were
identified in the soils of Moldova (Perel, 1962;
Prokhina, 1965; 1968; Striganova, 1968). The
edaphic species of fauna, unique only to brown
soils, especially from Lumbricidae family, have
been discovered (Gilyarov, 1965).
Aporrectodea rosea predominated in most soils
in the 1990s, Aporrectodea caliginosa,
Aporrectodea trapezoides, Octalazion
transpadanum, Aporrectodea jassiensis and
Allolobophora leoni are much less common
(Cherevatov, 1991).

In this context, the purpose of the research was
to investigate the abundance, biodiversity and
profile distribution of Lumbricidae family in
brown soils of mnatural and agricultural
ecosystems for the biodiversity conservation
and development of the monitoring system for
the status of useful edaphic fauna.

MATERIALS AND METHODS
Experimental sites are located in central zones

of the Republic of Moldova. The content of
Lumbricidae family in brown forest soils with



the normal profile in the condition of the long-
term use in agricultural production were
investigated in  comparison  with  the
undisturbed soils in natural ecosystems of
forest. Two experimental sites have been
tested.

Experimental sites with typical and luvic brown
soil are located in the central zone of the
Republic of Moldova, in the wooded steppe of
the central - Moldovan forest province, in the
district No. 8 of brown, gray forest soils and
leached chernozems of the wooded steppe of
hilly Kodru Forests.

The site with typical brown soil (profile 1
under forest; profile 2 under arable) is situated
in the Tuzara village and Gorodische com.,
Kalarash region (Figure 1).

Figure 1. Site with the typical brown forest soil in the
Tuzara village and Gorodische com., Kalarash region

The site with luvic brown soil (profile 5 under
forest; profile 6 under arable) is located in the
Dolna com., Strasheni region (Figure 2).

Figure 2. Site with the luvic brown forest soil in the
Dolna com., Strasheni region

Status of invertebrates and Lumbricidae
family. Testing of semi-profiles in the amount
of 3 units was carried out around the main test
cut at a distance of 5-10 m. The state of
invertebrates and Lumbricidae family was
determined from test cuts by manual sampling
of soil layers to the depth of soil fauna
occurrence with application of Gilyarov and
Striganova’s method (1987). At the same time,
earthworms were also selected from the litter
layer and on the soil surface. Ethyl alcohol was
used to immobilize (destroy) the earthworms.
The taxonomic studies used during the
identification were accomplished according to
Vsevolodova-Perel T.S. (1997).

The studies were carried out in May of 2021
and 2022.

RESULTS AND DISCUSSIONS

The number and biomass of edaphic fauna
including Lumbricidae family in brown forest
soils of natural ecosystems are characterized by
the higher values of these indicators in
comparison with arable brown forest soils
(Table 1). Number of invertebrates and
Lumbricidae family in the typical brown forest
soil decreases on average for 2 years (2021-
2022) from 330.7 to 65.3 ex m? and from
152.0 to 61.4 ex m™, in the luvic brown forest
soil - from 274.7 to 5.4 ex m? and from 140.0
to 4.0 ex m? accordingly. Similar changes were
observed in the total biomass of the edaphic
fauna and Lumbricidae family.

The share of earthworms in the total number of
invertebrates in the typical brown forest soil of
natural ecosystems constitutes of 51.8% in
2021 and 38.3% in 2022, in the luvic brown
forest soil - 51.5% and 50.7% accordingly.
Their contribution to the total biomass is 82.5%
in 2021 and 51.0% in 2022 in the typical brown
forest soil. The proportion of Lumbricidae
family in the total biomass of the edaphic fauna
is 89.3% and 81.6% in the the natural luvic
brown forest soil in studied years.

The share of Lumbricidae family in the total
abundance of invertebrates in arable forest soils
constitutes 94.0% in the typical brown forest
soil, and 74.1% in the luvic brown forest soil
on average for 2 years of research. The
contribution of earthworms to the total biomass
15 99.1% and 92.1% accordingly.



Table 1. Number and biomass of invertebrates and Lumbric

idae family in brown soils under forest and arable land

(n = 3 for each profile)

. . Number, ex m™ Biomass, g m
Soil Landuse | Semi-profile total \ Lumbricidae fam. total | Lumbricidae fam.
2021
45 408.0 152.0 73.6 584
46 352.0 144.0 60.0 384
forest
) 47 368.0 288.0 131.2 121.6
Typ lcfgilfmwn mean values | 376.0 194.7 88.3 72.8
48 144.0 144.0 68.0 68.0
arable 49 40.0 40.0 16.8 16.8
50 96.0 80.0 29.0 28.4
mean values 93.3 88.0 37.9 37.7
51 96.0 24.0 28.6 24.8
52 240.0 152.0 100.8 96.0
forest
53 208.0 104.0 52.2 54.0
Luvic brown
soil mean values 181.3 93.3 60.5 54.0
54 8.0 0 1.6 0
arable 55 24.0 24.0 20.8 20.8
56 0 0 0 0
mean values 10.7 8.0 7.5 6.9
2022
99 416.0 152.0 117.0 47.2
forest 100 264.0 112.0 92.8 58.4
101 176.0 64.0 41.4 22.4
Typical brown mean values 285.3 109.3 83.7 42.7
soil 102 64.0 56.0 12.2 12.0
arable 103 40.0 40.0 9.6 9.6
104 8.0 8.0 0.4 0.4
mean values 37.3 34.7 7.4 7.3
93 208.0 72.0 34.0 25.4
forest 94 424.0 176.0 72.0 54.0
95 472.0 312.0 120.8 105.8
Luvic brown mean values 368.0 186.7 75.6 61.7
soil 96 0 0 0 0
arable o7 0 0 0 0
98 0 0 0 0
mean values 0 0 0 0
Average value for 2021-2022
Typical brown |  forest 330.7 152.0 86.0 57.8
soil arable 65.3 61.4 22.7 22.5
Luvic brown |__forest | "ean Values 5747 140.0 68.1 57.9
soil arable 5.4 4.0 3.8 3.5

The average weight of one exemplar of
earthworms in the natural typical brown forest
soil constitutes 0.38 g, in the natural luvic
brown forest soil - 0.41 g. The average weight
of a specimen of the Lumbricidae family
constitutes 0.37 g in the typical brown soil in
conditions of agricultural ecosystems, and
0.88 g - in the arable luvic brown forest soil.

The base mass of fauna in the brown soils
under the forest is located in the litter layer and
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0-10 cm layer: in the typical brown soil -
90.8% and 95.3%, in luvic brown soil - 91.2%
and 90.6% in the first and second years of
research (Figure 3). The accumulation of
edaphic fauna in the arable typical brown soil
was registered in the 0-30 cm layer, in the
arable luvic brown soil - in the 0-10 cm layer in
2021. The number of invertebrates index
decreases in natural soil profiles to a depth of
40 cm, in arable soils - to a depth of 20-30 cm.
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Figure 3. The profile distribution
of invertebrates in brown forest soils of natural and
agricultural ecosystems

Lumbricidae family in the natural brown soils
is located in the litter layer and 0-10 cm layer,
amounting to 95.2% typical soil and 89.3%

luvic soil in the total number (Figure 4).

40 =

Figure 4. The profile distribution of Lumbricidae family
in brown forest soils of natural and agricultural
ecosystems

The largest number of earthworms in the arable
typical brown soil was found in the 0-30 cm
layer, in the arable luvic brown soil - in the 0-
10 cm. In the second year of research,



earthworms were absent in faunal semi-
profiles.

Natural brown forest soils are characterized by
a high diversity of invertebrates and
Lumbricidae family compared to arable brown
forest soils. There are 16 families of
invertebrates in the natural typical brown soil
and 15 families of edaphic fauna - in the natural
luvic brown soil.

The long-term use of plowing leads to the
considerable decrease of the invertebrates’
biodiversity. Arable brown forest soils contain
only 2 families of invertebrates in this period of
fauna selection.

The species Lumbricus terrestris, Lumbricus
rubellus,  Aporrectodea  caliginosa  and
Aporrectodea longa and other were identified
in the faunal samples from the natural brown
forest soils (Table 2). The greatest species
biodiversity of Lumbricidae was in the forest
ecosystems,  which is  inhabited by
representatives of 4-5 species. The lowest
species richness of earthworms was observed in
the arable soils of agricultural ecosystems,
where 1-3 species are widespread.

The epi-endogeic group in the natural typical
forest soil is represented primarily by
Lumbricus rubellus, the number of which in
2021 was especially high (41.1% of the total
number). The saturation of the species
composition of worms with anecic species
Aporrectodea longa and Lumbricus terrestris,
and also endogeic specie Aporrectodea
caliginosa was also at a rather high level.
Aporrectodea  caliginosa has been also
dominated in the Lumbricidae species
composition in 2022 (70.8% of the total
number). On average, over 2 years of research,

46.8% of earthworms in the natural typical
forest soil belong to endogeic species, 24.3% -
to anecic species and 20.5% - to epi-endogeic
species.

Part of the earthworm’s species in the natural
luvic brown soil, living in the litter and in the
upper soil layer, are surface-dwelling or litter-
dwelling species (epi-endogeic earthworms).
For example, the specific contribution of
Lumbricus rubellus to the total number of
Lumbricidae s 25.7% in 2021 and 27.2% in
2022.

A significant percentage of anecic species, such
as Lumbricus terrestris, which were found in
2021 (34.3%), and endogeic species -
Aporrectodea caliginosa, which were recorded
in 2022 (48.6%), have been identified in the
luvic brown forest soil of the natural
ecosystem.

The number of Aporrectodea longa amounted
to 14.3-15.7% in this soil. The epi-endogeic
species Aporrectodea trapezoides was found in
single specimens.

Endogeic species account for 32.9%, epi-
endogeic species - 30.8% and anecic species -
20.7% of the total abundance of earthworms on
average over 2 years of research.

Aporrectodea  rosea  (endogeic  species)
dominated in the arable typical brown forest
soils in 2021, accounting for 63.6% of the total
number of earthworms. Among  the
Lumbricidae family, the endogeic species
Aporrectodea caliginosa prevailed (77.0%) in
this soil in 2022.

Aporrectodea rosea has been found in the
arable luvic brown forest soil in small
quantities.

Table 2. Biodiversity of the Lumbricidae family (ex m™) at the species level
in brown soils of natural and agricultural ecosystems

Typical brown Typical brown Luvic brown soil, | Luvic brown soil,
Lumbricidae family species soil, forest (P1) soil, arable (P2) forest (P5) arable (P6)
2021 2022 2021 2022 2021 2022 2021 2022
Lumbricus terrestris 21.3 5.3 0 0 32.0 133 0 0
Lumbricus rubellus 80.0 0 0 0 24.0 50.7 0 0
Aporrectodea caliginosa 29.3 77.4 21.3 26.7 53 90.7 0 0
Aporrectodea longa 58.7 21.3 0 0 13.3 29.3 0 0
Aporrectodea rosea 0 0 56.0 8.0 10.7 0 8.0 0
Octolasion lacteum 54 5.3 10.7 0 0 0 0 0
Aporrectodea trapezoides 0 0 0 0 8.0 0 0 0
Species unidentified 0 0 0 0 0 2.7 0 0
In total 194.7 109.3 88.0 34.7 93.3 186.7 8.0 0
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The earthworms complex accounts 65.8-73.2%
in the natural typical brown forest soil and
50.7-81.3% in the natural luvic brown forest
soil from the total number of saprophagous. In
arable soils their share is 97.0% and 100.0%.

CONCLUSIONS

Lumbricidae family is an important trophic
level in the ecological chain nutrition of the
ecosystem. Earthworms has a great importance
for biological processes in soil, increase the
fertility and humus formation by mechanical
decomposition of plant residues and the
formation of water-stable soil structure.
Earthworms are indicators of soil quality,
anthropogenic land use and a factor for soil
biological classification. The highest values of
abundance and biomass of earthworms were
registered in the natural typical brown forest
soils and the smallest values - in arable luvic
brown forest soils. The number and biomass of
Lumbricidae family in natural brown soils are
greater by 3.8-17.9 times and by 2.6-16.5 times
compared to brown soils of agricultural
ecosystems. A characteristic feature of the
natural brown soils is the high concentration of
invertebrates and earthworms in the upper
layers of soils. The species Lumbricus
terrestris, Lumbricus rubellus, Aporrectodea
caliginosa, Aporrectodea longa and other were
identified in the faunal samples from the
natural brown forest soils. Aporrectodea rosea
and Aporrectodea caliginosa species is the
most typical representative of the Lumbricidae
in the arable brown forest soils.

ACKNOWLEDGEMENTS

This research work was carried out in the
framework of the institutional project
"Evaluation of the soil state of the Republic of
Moldova in the agrocenosis conditions,
improvement of the classifier and the soil rating
system, elaboration of the methodological-
informational framework for monitoring and
enlarged fertility reproduction" (project code
20.80009.7007.17) in 2021-2022.

REFERENCES

Bartlett, M., Briones, M., Neilson, R., Schmidt, O.,
Spurgeon, D. & Creamer, R. (2010). A critical review

41

of current methods in earthworm ecology: From
individuals to populations. European Journal of Soil
Biology, 16(2), 67-73.

Cherevatov, V. F. (1991). Fauna and landscape-bio
topical distribution of earthworms (Lumbricidae,
Oligochaeta) in the Prut-Dniester interfluve. PhD
thesis, Kishinev (Rus).

Darwin, Ch. (1881). The formation of vegetable mould,
through the action of worms, with observations on
their habits. London: John Murray.

Edwards, C. A. & Bohlen, P. J. (1996). Biology and Eco-
logy of Earthworms. 3" Edition Capman and Hall.
Fragoso, C., Brown, G., Patron, J., Blanchart, E.,
Lavelle, P., Pashanasi, B., Senapati, B. & Kumar, T.
(1997). Agricultural intensification, soil biodiversity
and agroecosystem function in the tropics: the role of

earthworms. Applied Soil Ecology, 6(1), 17-35.

Gilyarov, M. S. (1965). Soil fauna as an indicator of
belonging to burozems of the soils in deciduous
forests in the Moldavian Kodru. In: Zoological
method for soil diagnostics, 156—169. (Rus).

Gilyarov, M. S. & Striganova, B. R. (Ed.). (1987).
Quantitative Methods in Soil Zoology. Moscow,
Russia: Nauka (Rus).

Jouquet, P., Podwojewski, P., Bottinelli, N., Mathieu, J.,
Ricoy, M., Orange, D. et al. (2008). Above-ground
earthworm casts affect water runoff and soil erosion
in Northern Vietnam. Catena, 74. 13—21.

Lapied, E., Nahmani, J. & Rousseau, G. (2009).
Influence of texture and amendments on soil
properties and earthworm communities. Applied Soil
Ecology, 43(2-3), 241-249.

Lee, K. E. & Foster, R. S. (1991). Soil fauna and soil struc-
ture. Australian Journal of Soil Research, 29. 745-775.

Martinez-Salgado, M. M., Gutiérrez-Romero, Jannsens,
M. & Ortega-Blu (2010). Biological soil quality
indicators: a review. In: Mendez-Vilas (Ed.).
Technology and Education Topics in Appl. Microb.
and Microbial Biotechnology. Formatex, 319—328.

Perel, T. S. (1962). Some regularities in the distribution
of Lumbricidae in the territory of Moldova.
Zoological Journal, 41(8), 1149—1161. (Rus)

Prokhina, N. A. (1965). Soil fauna of the chernozems of
southern Moldavia. Microbiological processes in the
soils of Moldova, 2. 92—101. (Rus)

Prokhina, N. A. (1968). Soil mesofauna of the
chernozems of Moldavia. PhD thesis, Kishinev. (Rus)

Rombke, J., Jansch, S. & Didden, W. (2005). The use of
earthworms in ecological soil classification and
assessment concepts. Ecotoxicology and
Environmental Safety, 62(2), 249-265.

Striganova, B. R. (1968). Complexes of soil-dwelling in-
vertebrates in the floodplain of the middle reaches of
the Dniester. Zoological Journal, 47(3), 360—368. (Rus)

Vsevolodova-Perel, T. S. (1997). Earthworms of the
Russia  fauna: Cadastre and determinant. In:
Chernova N. M. (Ed.). RAS, Institute of Forest
Science. Moscow: Nauka. (Rus)

***State of Knowledge of Soil Biodiversity. Status,
challenges and potentialities. Report 2020, Report
Soil Biodiversity.pdf.



