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Abstract
Wooded meadows are traditional semi-natural meadows in the region around the Baltic Sea. They are mowed regularly
once per year, and some meadows are lightly grazed by sheep or cattle in late summer after mowing. Data on soil fauna
in wooded meadows are still scarce in spite of their importance to ecosystem functioning. The aim of this study was to
describe the taxonomic and ecological structure of earthworm communities in relation to the chemical and microbiological
characteristics of the soil and meadow restoration conditions in Estonian wooded meadows. The chemical and
microbiological parameters of the soil were studied so as to characterize the habitat of the earthworms. Earthworms
were collected using a mustard solution as vermifuge. In total, the earthworm communities of wooded meadows consisted
of eight species. The most abundant species were the endogeic Aporrectodea caliginosa and Aporrectodea rosea . The
dominant epigeic species was Lumbricus rubellus in meadows with higher soil moisture and Dendrobaena octaedra in a
dry meadow. In wooded meadows, richness of plant species and diversity in earthworm communities have developed in
calcareous soil conditions. Different layers of plant cover create several different microhabitats for soil invertebrates
including earthworms, thus promoting diversity. The taxonomic composition of communities depends on soil conditions;
mostly on soil moisture. The restored wooded meadows differ significantly from the long-term managed meadows by the
ecological structure of the earthworm communities: in mowed meadows the community consists of more endogeic and
fewer epigeic species compared to the restored meadows.
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Introduction
Wooded meadows are traditional semi-natural
meadows in the region around the Baltic Sea belonging to Natura 2000 habitat type 6530 (Fennoscandian
wooded meadows). They covered a third of Estonias
territory (total area: 850,000 ha) until the mid-20 th century but have since almost disappeared (total area: 700
ha) due to fundamental changes in land management
 mostly the cessation of hand- or horse-mowing.
These ecosystems are characterized by: 1) their old
age, i.e. regular mowing has occurred periodically over
several centuries; 2) calcareous soils with a neutral
pH; 3) an absence of (intensive) grazing; 4) their large
size (more than tens of hectares); 5) the presence of
more moist or wet patches; and 6) high tree and plant
diversity (Kukk and Kull 1997). Typical deciduous trees
and several shrub species are distributed in small, irregular patches with tree canopy coverage usually in
the range of 0.1-0.5; this differs significantly between
meadows and within single meadows. They are mowed
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regularly (once per year) and some are lightly grazed
by sheep or cattle in late summer after mowing. In
calcareous wooded meadows there are commonly over
50 plant species per square metre, which is much more
than in any other community in the temperate forest
zone (Kukk and Kull 1997, Kull and Zobel 1991, Luhamaa et al. 2001). The large species pool reflects the
large niche diversity (in terms of light, moisture and
nutrient availability) within the meadows. The number
of annual species is very low and vegetative reproduction dominates (Kukk and Kull 1997).
The plant species richness and plant productivity of semi-natural meadows have been rather well studied and documented, and many authors have discovered that extensive management of meadows is the
most important human factor in maintaining species
richness (Myklestad and Saetersdal 2004, Niinemets
and Kull 2005, Bratli et al. 2006, Van Uytvanck et al.
2008). Data on soil fauna in wooded meadows remain
scarce in spite of their importance to ecosystem functioning (de Goede and Brussaard 2002). Soil microorISSN 2029-9230
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ganisms and their associated processes are responsible for many ecosystem functions, including biogeochemical cycling of most elements, mycorrhizal and
rhizobia symbiosis with plants, decomposition processes and soil structure. Macrofauna affects nutrient
cycling processes directly by fragmentation and transport of organic and mineral particles, and indirectly by
regulating the microbial population and stimulating
microbial activity (van Eekeren et al. 2007, Wakelin et
al. 2009). Detritivorous invertebrates including earthworms constitute a large proportion of the invertebrate
biomass in most environments and provide a key role
in organic material turnover. They have been selected
as indicators of landscape stress and soil degradation,
as both a functional group and single taxa. The composition and structure of invertebrate fauna change
rapidly in response to environmental input such as
chemicals and landscape management. For this reason,
invertebrates have enormous potential to be used as
indicators of sustainability in agriculture and environmental change, but this potential has yet to be realized because of gaps in our knowledge about many
invertebrate groups (Paoletti et al. 2007).
Earthworms are an important component of the
invertebrate community in soils, in terms of their contribution to overall underground biomass and their
effects on the biogeochemical cycles of soil. Particularly soil structure, but also gas dynamics, water flow,
C and N turnover and stabilization as well as the activity of other organisms may be altered by the presence and structure of earthworm communities, commonly described as ecosystem engineers (Vandenbygaart et al. 2000, Cole et al. 2006, Bartlett et al. 2009).
Diverse earthworm communities are connected to the
diversity of plants and the activity of the microbial
community. Wardle (2002) suggests that soil organisms
which create physical structure can operate as powerful determinants of plant community composition
because these structures favour the establishment of
certain plant species and functional types over others. Earthworms stimulate microbial activity and hence
stimulate decomposition and nutrient mineralization
(Lavelle 1997, Eisenhauer et al. 2009). The aim of this
study was to evaluate the earthworm communities
(their diversity, abundance and taxonomic and ecological structure) in relation to the chemical and microbiological characteristics of the soil and meadow restoration conditions in Estonian wooded meadows.

Material and methods
The soil communities were studied from 2006-2009
in three wooded meadows of the species-rich dry
boreo-nemoral grassland site type (wooded meadow)
2012, Vol. 18, No. 1 (34)
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located in western Estonia, which is a high area of
wooded meadows. The studied meadows are characterised as follows:
1. Laelatu  located in Lääne County, total area
of meadow: 153 ha; according to investigation data
from 1997-2000, the permanently managed area was 39
ha. The meadows are dry boreo-nemoral and fresh
boreo-nemoral meadows and have been partly mowed
for at least 300 years. The typical soil is Rendzic Leptosols with a thin (1722 cm) humus horizon (A) that
lies directly on calcareous marine sediments and glacial moraines (C horizon). Calcaric Gambisols and
Rendzic Gleisols on limestone of small or medium thickness are also common. The dominant tree species are
Quercus robur, Fraxinus excelsior, Populus tremula
and Betula pendula. The tree species common in the
meadow are Pinus silvestris, Sorbus aucuparia, Alnus incana, Acer platanoides and Malus domesticus.
In the shrub layer, Corylus avellana, Swida sanguinea, Frangula alnus and Rhamnus cathartica are
present. Up to 76 vascular plant species per m -2 are
found here (Kukk and Kull 1997, Luhamaa et al. 2001).
2. Nedrema  Pärnu County, the largest mown
wooded meadow in Europe (the area of mown grassland was over 200 ha at the beginning of the 20th century but was decreased to 2 ha in 1991). Since restoration in the 1990s the area of the meadow is app. 100
ha. The type of meadow is fresh boreo-nemoral. Calcaric Gambisols and Rendzic Leptosols are the typical soils here with a humus layer with a thickness of
20-30 cm. The dominant tree species are Populus tremula and Betula pendula, but Quercus robur and Pinus silvestris are also common. The coverage of tree
canopies is 0.1-0.4. The most common shrub species
is Coryllus avellana, with coverage of 0.1. The nonmown (abandoned) areas of the meadow are covered
with Pinus silvestris and Populus tremula with a coverage of more than 0.5. The mean coverage of the grass
layer is 0.68; that of mosses is 0.5. The maximum
number of different vascular plant species per m2 is
54 (Kukk and Kull 1997).
3. Viita  Lääne County, a fresh boreo-nemoral
meadow with an area of 7.9 ha. The dominant soil type
is Gleyic Pebble Rendzina formed on the basis of coastal sediments with a thin (1623 cm) humus horizon (A)
that lies on a gleyic pebble soil layer (C horizon). The
moisture conditions of the soil vary: for a short time in
spring the soils are too moist, while in summer they are
too dry. The trees and bushes in the meadow grow in
groups; the most common species of trees are Betula
pendula, Populus tremulus, Quercus robur and Fraxinus excelsior, with coverage of trees canopies of 0.2.
The shrub layer is dominated by Corylus avellana,
while Frangula alnus and Rhamnus cathartica are also
ISSN 2029-9230
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common. Coverage is 0.05-0.12. In the grass layer, species characteristic of dry and nitrogen-poor habitats
dominate, as well as species with higher moisture demands. The coverage of grasses is 0.51-0.73. The maximum number of vascular plant species per m2 is 56 (Pork
et al. 1984, Kukk and Kull 1997).
In each meadow, areas with a different duration of
management following restoration were chosen for
study. The main characteristics of the study areas are
presented in Table 1. The samples for soil analyses were
taken with a soil corer (¨2 cm) from a soil layer of 0-20
cm at the end of October every year to describe the
chemical and microbiological conditions of the soil layer
most densely inhabited by earthworms (Truu et al. 2008).
For each sample area the yearly composite samples from
25 random subsamples were collected. From the sieved
soil samples, organic matter content (loss on ignition
Table 1. Location and status of sample areas
Sam ple
area
Laelatu1
Laelatu2
Laelatu3
Nedrem a1
Nedrem a2
Nedrem a3
Viita1
Viita2

Location
(longitude, latitude)
58°35´03´´, 23°34´08´´
58°35´12´´, 23°34´08´´
58°35´17´´, 23°34´11´´
58°32´57´´, 24°04´50´´
58°32´25´´, 24°04´20´´
58°32´15´´, 24°03´56´´
58°42´40´´, 23°47´29´´
58°42´38´´, 23°47´15´´

Soil type
CRL(CGL)
CGL
CGL
CC
CC
CCG
CGL
CRG

Soil
texture
LS(SL)
LS(SL)
LS(SL)
SL
SL
SL(L)
SL(LS)
L

Status of
meadow
M
R
R
M
R
R
M
R

Year of
restor ation
1996
2001
1996
2001
1996

Status: M  managed, R - restored
Soil type: CRL  Cambi-Rendzic Leptosols, CGL  Cambi-Gleyic
Leptosols, CC  Calcaric Gambisols, CCG  Cambi Calcic Gleysols, CRG  Cambi Rendzic Gleysols
Soil texture: LS  loamy sand, SL  sandy loam, L  loam

by Schulte 1995), moisture (gravimetric), pH KCl, total
nitrogen (following the method of Kjeldahl, Official
Methods of Analysis 1990) and available phosphorus
content (Official Methods of Analysis 1990) were determined. Microbiological analyses were performed to
characterize the habitat conditions of earthworms. Substrate-induced respiration (SIR) using the Isermeyer
technique was applied to measure metabolically active
microbial biomass carbon according to Beck et al. (1996).
The soils microbial respiration rate (basal respiration)
was measured by titration according to Öhrlinger (1996).
To estimate the rate of microbial decomposition, the
litter-bag method was used (Meyer 1996). 1 x 5 cm strips
of a-cellulose in plastic litter bags (net ¨ 1 mm) were
placed on the soils surface (23 bags in each area) in
early spring 2008. These bags were collected twice per
year (3-5 bags in each area), in July and November 2008
and 2009. The weight loss of a-cellulose and the nitrogen content accumulated on the strips were analysed,
and all results were calculated on the basis of a-cellulose dry matter.
To study the earthworm communities, three randomly selected soil plots (50 x 50 cm) were examined
at each site in 2006, 2008 and 2009, in September or
2012, Vol. 18, No. 1 (34)
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October, when the earthworms are active in the upper
soil layer. The earthworms were collected by using a
15% mustard solution as vermifuge (Gunn 1992). The
collected earthworms were washed, kept in a refrigerator for 48 hours, identified and counted. The mean
numbers of individuals per m2 of soil surface (±SE) and
Simpsons index of diversity (1-D) were calculated.
Classifying the earthworm species into three ecological categories is based on differences among species in burrowing and feeding activities, and vertical
stratification in soil. Epigeic earthworms typically live
on the soils surface or in the upper reaches of the
mineral soil, have relatively high reproductive rates and
grow rapidly (represented by Dendrobaena octaedra
(Savigny 1826), Lumbricus rubellus Hoffmeister 1843
and L. castaneus (Savigny 1826)). Endogeic earthworms
inhabit the mineral soil horizons; they consume the
soils organic matter (represented by Aporrectodea
caliginosa (Savigny 1826), A. rosea (Savigny 1826) and
Octolasion lacteum (Orley 1885)). Anecic earthworms
form permanent or semi-permanent vertical burrows in
the soil and feed on dead leaves or other decaying
materials on the soils surface (represented by Lumbricus terrestris Linnaeus 1758 and Aporrectodea longa
(Ude 1885)) (Bouché 1977, Edwards and Bohlen 1996).
The correlation coefficient was used to relate the
soils biological variables to its chemical parameters.
ANOVA one-way variance analysis was used to assess
the impact of management on the soils biological and
chemical parameters; the means were compared using
the Tukey HSD test. Canonical Correspondence Analysis (CCA) was used to analyze the data of earthworm
communities with regard to environmental variables
using the CANOCO 4.52 programme (ter Braak 1994).
The forward selection method with the Monte Carlo
test (999 permutations) available in the CANOCO software was used.

Results
The soil of the wooded meadows studied was
mainly calcareous, with a pH of around 7, but it differed by soil characteristic (Table 2). The Nedrema
meadow differed from the other studied meadows in
Table 2. Soil characteristics (mean values ±SE) of study areas
Sample
area

Soil pH

Nitrogen %

Laelatu1
Laelatu2
Laelatu3
Nedrema1
Nedrema2
Nedrema3
Viita1
Viita2

6.98±0.35
6.67±0.74
6.62±0.25
5.38±0.56
5.46±0.44
5.67±0.77
7.01±0.45
6.77±0.86

0.577±0.436
0.534±0.388
0.516±0.122
0.236±0.089
0.271±0.121
0.342±0.250
0.344±0.278
0.546±0.216

Soluble
phosphorus
mg/kg
34.32±3.67
26.74±1.50
29.15±2.66
2.10±0.56
3.83±1.01
2.71±0.48
17.20±1.89
32.62±2.25

Organic
matter %
11.18±0.96
10.29±2.22
9.16±0.67
5.91±0.62
6.58±1.23
7.94±1.25
7.69±1.65
12.26±0.88

Soil
mois ture %
27.5±1.52
34.5±2.06
37.7±1.64
35,5±1.32
35.8±0.90
36.4±0.93
20.5±0.56
20.54±0.7
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Table 3. Characteristics of microbial communities in soils
of wooded meadows
Sample area
Laelatu1
Laelatu2
Laelatu3
Nedrema1
Nedrema2
Nedrema3
Viita1
Viita2

SIR
mg biomass
C/gdw
2.762
2.889
2.392
0.629
1.740
1.681
2.486
2.326

R
mg
CO2/gdw h
0.602
0.720
0.614
0.235
0.245
0.218
0.555
0.569

Loss of á-cellulose, % of initial
mass±SE
after 1 year
after 2 years
9.5±3.1
29.5±8.6
35.4±15.1
23.8±3.3
10.2±2.1
11.5±1.9
21.2±1.1
19.1±1.2

25.3±1.9
80.3±6.6
90.7±20.5
78.1±12.9
99.0±2.0
81.3±5.7
56.3±2.6
61.6±2.1

es in mass loss between the study areas, nor between
restored and managed areas, but a correlation (R =
-0.85, P<0.05) between remaining a-cellulose and soil
moisture was found. A relationship between the parameters of the microbial community (basal respiration,
biomass and nitrogen content on cellulose strips accumulated in the first year) and Octolasion lacteum
abundance was found (Figure 1).
The total abundance of earthworms was highest in
the Nedrema restored meadow (154 individuals per m 2);
the lowest abundance (p<0.05) was found in the longterm managed Viita meadow (51±17 individuals per m2).
In total, the earthworm communities of wooded meadows consisted of eight species (Table 4). The number
of earthworm species in Viita (3.8±0.3) differed significantly (p<0.05) from that in Nedrema (6.0±0.5) and Laelatu (5.3±0.3). The Simpson diversity index had high
values (0.567-0.901), and differences in species diversity on different meadows were not significant. Soil
moisture correlated positively (p<0.05) with the number
of species (R = 0.509) and the Simpson index (R = 0.49),
with abundances of Lumbricus rubellus (R = 0.467) and
Octolasion lacteum (R = 0.369) and the relative importance of epigeic species (R = 0.404), and negatively
2012, Vol. 18, No. 1 (34)
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-0.8

terms of the lower pH (5.38-5.67) (p<0.05) of its soil
and lower OM% (5.91-7.94), N% (0.236-0.342) and P
content (2.1-3.38 mg/kg). The Viita meadow differed in
terms of lower soil moisture (app. 20.5%, p<0.05). The
soil in Laelatu had the highest N% (0.516-0.577) and
P content (26.74-34.32 mg/kg) values. The soils also
differed in terms of the biological activity of the earthworm habitat (Table 3). The microbial biomass in Nedrema was significantly lower (p<0.05) than in Laelatu
and respiration activity differed (p<0.05) in the soils
from all three meadows. Microbial basal respiration
correlated positively (p<0.05) with soil pH (R = 0.538),
total nitrogen (R = 0.821) and organic matter content
(R = 0.781). The rate of microbial decomposition was
also measured: after two years of decomposition, the
remaining á-cellulose in the litter bags was 17.6±3.9%
of initial mass in Nedrema, 39.3±19.1% in Laelatu and
42.7±1.1% in Viita. There were no significant differenc-
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Figure 1. Ordination triplots with environmental variables
based on Canonical Correspondence Analyses (CCA). Abbreviations: pH  acidity, OA  organic matter, %, Soil DM 
soil dry matter, %, W1  remaining mass of a-cellulose strips
after 1 year, %, W2  remaining mass of cellulose after 2 years,
%, 1 mN%  nitrogen in a-cellulose strips after 1 year, 2 mN%
 nitrogen in cellulose after 2 years, N  nitrogen % in dry
soil, P  soluble phosphorus, mg per 100g dry soil, SIR 
SIR biomass, Resp  respiration activity, epi  relative abundance of epigeics, endo  relative abundance of endogeics, an
 relative abundance of anecics, E  number of earthworms
per m2 , S  number of species in area, ACAL  Aporrectodea
caliginosa, AROS  Aporrectodea rosea, ALON  Aporrectodea longa, LRUB  Lumbricus rubellus, LCAS  Lumbricus
castaneus, OLAC  Octolasion lacteum, and DOCT  Dendrobaena octaedra (individuals per 1 m2 ). The eigenvalues of
the first two axes are 0.055 and 0.034; the sum of all canonical eigenvalues is 0.125.
Table 4. Characteristics of earthworm communities (mean
values±SE) in wooded meadows
Sam ple
area
Laelatu1
Laelatu2
Laelatu3
Nedrema1
Nedrema2
Nedrema3
Viita1
Viita2

E

S

EPI

90±15
64±16
127±73
127±15
154±29
101±46
51±17
78±20

6.0±0.1
4.0±1.0
6.0±1.0
6.0±0.1
7.0±0.5
5.0±1.0
3.5±0.5
4.0±0.1

0.15±0.01
0.22±0.07
0.27±0.05
0.30±0.17
0.26±0.11
0.17±0.09
0.11±0.05
0.25±0.09

ENDO
0.81±0.01
0.74±0.03
0.67±0.04
0.62±0.14
0.70±0.08
0.75±0.05
0.84±0.01
0.72±0.02

ANECIC

DIVERSITY

0.09±0.02
0.04±0.02
0.06±0.01
0.09±0.04
0.04±0.03
0.09±0.05
0.06±0.06
0.04±0.03

0.625±0.028
0.570±0.047
0.718±0.035
0.689±0.055
0.901±0.017
0.707±0.012
0.678±0.146
0.567±0.047

Abbreviations: E  number of earthworms per m 2, S  number
of species, Epi  epigeic individuals, %, Endo  endogeic individuals, Anecic  anecic individuals, %, Diversity  Simpson's
diversity index 1-D

(p<0.05) with the relative importance of endogeic species (R = -0.574). There was a significant difference
(p<0.05) in the abundance of Lumbricus rubellus and
L. castaneus between Nedrema and Viita, while the
ISSN 2029-9230

BALTIC FORESTRY
EARTHWORM COMMUNITIES IN SOILS OF ESTONIAN WOODED MEADOWS

abundance of Dendrobaena octaedra did not differ in
all of the meadows. The endogeic species Aporrectodea caliginosa was present in all meadows. The abundance of the endogeic species Aporrectoidea rosea was
significantly higher (p<0.05) in Laelatu than Viita; in
Nedrema the abundance of Aporrectodea rosea was
average. The semiaquatic species Octolasion lacteum
was found in two meadows: Nedrema and Laelatu. Individuals of the anecic species Lumbricus terrestris and
Aporrectodea longa were collected in all studied meadows; there was a significant difference (p<0.05) in their
abundance between Laelatu and Viita.
The ecological structure of earthworm communities differed in Nedrema, where the epigeic group was
more and the endogeic group less numerous compared
to Laelatu and Viita; the difference was statistically
insignificant. A significant (p<0.05) difference was
found in the ecological structure of earthworm communities of long-time managed and restored meadows
(p<0.05): there were more epigeic earthworms in restored meadows, while the relative importance of endogeics was higher in the long-term managed meadows (Figure 2). The abundance of anecic earthworms
did not differ significantly between meadows with a
different status of restoration.
Proportion ofecologicalgroupsin com m unity,%

90

Epigeic
Endogeic

80

Anecic
70
60
50
40
30
20
10
0
Long-term m anaged

M anaged 15 year

M anaged 10 year

-10

Figure 2. Ecological structure of earthworm communities
(proportion of ecological group in community, % ±SE) in
long-term managed and restored wooded meadows

Discussion and conclusions
The soil properties of the meadows studied are
strongly influenced by the location of the area. The
wooded meadows in Laelatu and Viita are located in a
region of more calcareous soils, with a pH of 6.75-7.01,
close to the Baltic Sea. In Nedrema the development
of the soil is not influenced by coastal sediments and
its soil pH is lower (5.54-5.72). The habitat conditions
differed in Nedrema in terms of a lower pH and P content of soil; in Laelatu in terms of higher P and organ2012, Vol. 18, No. 1 (34)
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ic matter content; and in Viita in terms of a different
soil type and very low soil moisture in some parts of
the meadow. Soil conditions have an effect on the
microbial conditions of the soil and thereby create a
habitat for earthworms. The heterogeneity of local
habitats in wooded meadows supports potential food
items and creates suitable environments for the breeding and hibernation of animals (Kukk and Kull 1997).
There is a link between the aboveground plant community and decomposer biota: the quality of plant litter plays an important role in structuring soil communities. Microfood-web structure and the interactions
which occur within the web regulated by net primary
productivity are clearly important determinants of
decomposer communities (Wardle 2002, Porazinska et
al. 2003 and Ball et al. 2009). Microbial biomass and
respiration activity had high values in wooded meadows; differences between meadows in microbial characteristics correlated with soil chemical properties (pH,
total N and organic matter content). The intensity of
microbial decomposition (mass of decomposed a-cellulose) was positively influenced by the soils organic matter content and negatively by its dry matter. It
seems that the parameters of a microbial community
are influenced more by the availability of carbon and
nutrients; as such, the microbial community transforms
the earthworm habitat.
The diversity of microhabitats, high activity of the
microbial community and sufficient or optimal soil
moisture within a wooded meadow has a positive effect on earthworm communities as concluded from our
results and also earlier by Hemerik and Brussaard
(2002). Earthworm diversity in the wooded meadows
was high, but abundance was lower in comparison with
open boreonemoral meadows (Ivask et al. 2007a). All
three ecological groups of earthworms are included in
communities. The dominant epigeic species was Lumbricus rubellus in meadows with higher soil moisture
and Dendrobaena octaedra in the Viita meadow with
low moisture. The epigeic species Lumbricus rubellus is very common in all types of open and wooded
meadows, whereas Lumbricus castaneus inhabits
meadows with higher soil moisture; the abundance of
these two species depends on moisture being significantly higher in Nedrema and lower in the drier soil
of Viita. Dendrobaena octaedra is an inhabitant of the
forest litter layer and did not significantly depend on
soil chemical parameters. The endogeic species Aporrectodea caliginosa and Aporrectoidea rosea are
tolerant of variations in soil conditions (Ivask et al.
2007b) and were present in all meadows, being the
most abundant species in the wooded meadows. The
semi-aquatic species Octolasion lacteum was abundant in the wet parts of two meadows: Nedrema and
ISSN 2029-9230
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Laelatu. The studied soils were also suitable for two
anecic species, Lumbricus terrestris and Aporrectodea longa, which were very abundant in the part of
the Viita meadow which had wetter soil.
Regular mowing (once per year) is an important
factor for wooded meadows. In the short term, defoliation by mowing can increase the abundance of soil
decomposers by inducing the release of carbon-rich
compounds from roots to the soil, but in the long term,
defoliation and grazing often lead to reduced abundance and activity of soil decomposers (Holt 1997,
Mikola et al. 2001, Sankaran and Augustine 2004). Nonmanaged wooded meadows became rapidly overgrown,
with deciduous shrubs and trees forming a closed
canopy. Recent efforts have aimed to restore overgrown wooded meadows by cutting back single shrubs
and trees to open the canopy. Altered habitat conditions, as well as quantity and quality of plant litter,
affect the soil food web; conversely, soil invertebrate
fauna enhance grassland succession and diversity
(Wardle 2002). The parameters of microbial communities did not differ significantly in the soil of either
restored or long-term managed meadows. The earthworm communities of managed and restored meadows
differed by ecological structure containing more endogeic individuals in long-term managed meadows,
which existed as open meadows for a long period.
More epigeic individuals were found in restored wooded meadow soil. This is caused by differences in litter quantity and quality  in abandoned overgrown
meadows the characteristics of plant litter are more
similar to forests, i.e. there are more parts of trees and
shrubs, and hence typical forest epigeic species of
earthworms prevail. The relative importance of endogeic earthworms in a community increases during the
years following restoration. In this case the 10-15 year
period of management altered the ecological structure
of the earthworm communities to one more like a typical grassland community.
The aim of bioindicator-based studies is to use
the living components of the environment under study
(especially those with the highest diversity  the invertebrates) as the key to assessing transformations
and effects and, in the case of landscape reclamation,
to monitor the remediation process in different parts
of the landscape over time (Paoletti 1999a). Earthworms comprise 40-90% of the soils macrofaunal biomass in most ecosystems and are sensitive to ecosystem perturbations and rehabilitation (Decaëns and
Jiménez 2002, Hole et al. 2005, Schmidt et al. 2003, Sepp
et al. 2005, Tondoh et al. 2007). Many authors have
concluded that earthworms are good indicators of soil
conditions and climate changes (Eggleton et al. 2009,
Peres et al. 2011). From these studies it was conclud2012, Vol. 18, No. 1 (34)
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ed that earthworms are suitable indicators of the effects of human activities because of their limited mobility and relative ease of sampling and identification
(Paoletti 1999b). Based on this study we conclude that
the soil parameters of the wooded meadows studied
are relatively similar and that indication of the chemical and physical characteristics of the soil by earthworms is pointless. Nevertheless, the ecological structure of earthworm communities seems to have an indicative value for the management activities of meadow. The ratio between epigeic and endogeic individuals reflects the duration of human activities  the longer the meadow is mown, the greater the importance of
epigeic earthworms in the community. This ratio can
be used in the bioindication of the intensity and duration of management.
In conclusion, the earthworm communities of
wooded meadows are diverse. Extremely high richness
of plant species and high diversity of earthworm communities develop under the same specific calcareous
soil conditions. Different layers of plant cover create
several different microhabitats for earthworms in the
soil and encourage diversity. The taxonomic composition of communities depends on the soil conditions;
mostly on soil moisture. The restored wooded meadows differ significantly from the long-term managed
meadows in terms of the ecological structure of earthworm communities: for 10-15 years after restoration an
increase in endogeic earthworm numbers and a decrease in epigeic earthworm numbers were observed.
In long-term mown meadows the community consists
of more endogeic and fewer epigeic species than in
restored meadows.
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ÑÎÎÁÙÅÑÒÂÀ ÄÎÆÄÅÂÛÕ ×ÅÐÂÅÉ Â ÏÎ×ÂÀÕ ËÅÑÍÛÕ ËÓÃÎÂ Â ÝÑÒÎÍÈÈ
Ì. Èâàñê, À. Êóó, Ì. Òðóó, Ñ. Êóòòè, Ì. Ìåðèñòå è ß. Ïåäà
Ðåçþìå
Ëåñíûå ëóãà ÿâëÿþòñÿ òðàäèöèîííûìè ïîëóåñòåñòâåííûìè ëóãàìè â ðåãèîíå Áàëòèéñêîãî ìîðÿ. Îíè ðåãóëÿðíî
âûêàøèâàþòñÿ îäèí ðàç â ãîä, à íà íåêîòîðûõ èç íèõ ïàñóòñÿ îâöû èëè êðóïíûé ðîãàòûé ñêîò ïîçäíèì ëåòîì ïîñëå
ñåíîêîñà. Äàííûå î ïî÷âåííîé ôàóíå íà ëåñíûõ ëóãàõ âñå åùå îñòàþòñÿ î÷åíü íåçíà÷èòåëüíûìè, íåñìîòðÿ íà èõ âàæíîå
çíà÷åíèå äëÿ ôóíêöèîíèðîâàíèÿ ýêîñèñòåìû. Öåëü íàñòîÿùåãî èññëåäîâàíèÿ ñîñòîÿëà â îïèñàíèè ñïåöèôè÷åñêîé è
ýêîëîãè÷åñêîé ñòðóêòóðû ñîîáùåñòâ äîæäåâûõ ÷åðâåé, èõ ðàçíîîáðàçèÿ è ÷èñëåííîñòè â îòíîøåíèè ê õèìè÷åñêèì è
ìèêðîáèîëîãè÷åñêèì õàðàêòåðèñòèêàì ïî÷âû, à òàêæå óñëîâèÿì âîññòàíîâëåííûõ ëåñíûõ ëóãîâ â Ýñòîíèè.
Õèìè÷åñêèå è ìèêðîáèîëîãè÷åñêèå ïàðàìåòðû èçó÷àëèñü ñ öåëüþ îõàðàêòåðèçîâàòü ìåñòîîáèòàíèå äîæäåâûõ ÷åðâåé.
Ñáîð äîæäåâûõ ÷åðâåé îñóùåñòâëÿëñÿ ïðè ïîìîùè ãîð÷è÷íîãî ðàñòâîðà â êà÷åñòâå âåðìèöèäà. Ñîîáùåñòâà
äîæäåâûõ ÷åðâåé íà ëåñíûõ ëóãàõ áûëè ïðåäñòàâëåíû â îáùåé ñëîæíîñòè 8 âèäàìè. Íàèáîëåå ìíîãî÷èñëåííûìè
âèäàìè íà ëåñíûõ ëóãàõ áûëè ýíäîãåéíûå Aporrectodea caliginosa è Aporrectodea rosea. Äîìèíèðóþùèìè ýïèãåéíûìè
âèäàìè áûëè Lumbricus rubellus íà ëóãàõ ñ áîëåå âûñîêîé âëàæíîñòüþ ïî÷âû è Dendrobaena octaedra íà ëóãàõ ñ ñóõîé
ïî÷âîé. Îáèëèå âèäîâ ðàñòåíèé è âûñîêîå ðàçíîîáðàçèå ñîîáùåñòâ äîæäåâûõ ÷åðâåé íà ëåñíûõ ëóãàõ ðàçâèâàþòñÿ â
òåõ æå ñïåöèôè÷åñêèõ óñëîâèÿõ êàðáîíàòíûõ ïî÷â. Ðàçëè÷íûå ÿðóñà ðàñòèòåëüíîãî ïîêðîâà ñîçäàþò íåñêîëüêî
ìèêðîìåñòîîáèòàíèé äëÿ ïî÷âåííûõ áåñïîçâîíî÷íûõ, âêëþ÷àÿ äîæäåâûõ ÷åðâåé, è ñïîñîáñòâóþò ðàçíîîáðàçèþ;
âèäîâîé ñîñòàâ ñîîáùåñòâà çàâèñèò îò óñëîâèé ïî÷âû, â îñíîâíîì îò åå âëàæíîñòè. Âîññòàíîâëåííûå ëåñíûå ëóãà
çíà÷èòåëüíî îòëè÷àþòñÿ îò äàâíî èñïîëüçóåìûõ ëóãîâ ïî ýêîëîãè÷åñêîé ñòðóêòóðå ñîîáùåñòâ çåìëÿíûõ ÷åðâåé: íà
âûêàøèâàåìûõ ëóãàõ â ñîîáùåñòâå äîæäåâûõ ÷åðâåé áîëüøå ýíäîãåéíûõ è ìåíüøå ýïèãåéíûõ âèäîâ ïî ñðàâíåíèþ ñ
âîññòàíîâëåííûìè ëóãàìè.
Êëþ÷åâûå ñëîâà: ëåñíûå ëóãà, äîæäåâûå ÷åðâè, ìèêðîáíîå ñîîáùåñòâî, ðàçíîîáðàçèå, âîññòàíîâëåíèå
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