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Abstract
The vastness of the research on earthworm assemblages in agricultural lands focus on the comparison of agri-
cultural treatments of different intensity. Consequently, spatial complexity of the landscape is less emphasised. 
Our study addresses this knowledge gap. The field study taken in West Pomeranian Lake District in Poland dur-
ing four campaigns (spring and autumn) revealed that the mosaic of fields (MF) supported higher earthworm 
abundance than the similarly managed but homogeneous field (HF). Number and biomass of earthworm indi-
viduals both reflect the relationships with electrical conductivity, pH and in some situations also soil organic 
carbon and soil moisture effectively. We argue that autumn sampling is more preferable for biomonitoring. 
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Introduction

Earthworms are well-known for being sensi-
tive and reliable indicators of the quality and 
health of soils. Certain parameters of earth-
worm assemblages may provide informa-
tion on the progress of chemical and physi-
cal processes occurring in soils that improve 
or degrade their overall condition (Paoletti 
1999; Keith et al. 2012 as cited in Regulska 
& Kołaczkowska 2015). Since earthworms 

are closely connected with the soil substra-
tum and have restricted mobility, they rely 
on habitat and food resources at a local 
scale. In recent studies on soil biology and 
ecology, earthworm assemblage character-
istics have been discussed against the back-
ground of such soil properties as: acidity, 
electrical conductivity, soil organic carbon 
and total nitrogen contents, C/N ratio, soil 
organic matter content, soil moisture content 
and soil texture (Regulska 2008; Valckx et al. 
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2009; Iordache & Borza 2010). However, con-
clusions drawn from the vastness of research 
are still ambiguous (Chan & Barchia 2007).

Most studies have focused on the com-
parison of agricultural treatments and cul-
tivation methods of different intensity (Ivask 
et al. 2007; Ouellet et al. 2008). Consequent-
ly, there has been less emphasis on the spa-
tial complexity of the landscape (Regulska & 
Kołaczkowska 2015).

The objective of our study was to clarify 
the nature of the relationships between 
earthworm assemblages and soil properties 
in two areas of arable land of different spa-
tial structure. It was hypothesised that more 
structurally complex farmlands: (a) support 
more abundant earthworm assemblages and 
(b) are characterised by different relation-
ships between selected belowground fauna 
and soil parameters, compared to homoge-
neous, large-sized units.

The foregoing hypothesis was tested 
in another region of Poland – the Suwałki Lake 
District (54°17’N, 22°30’E), over 300 km to 
the East of the study area presented below 
(Regulska & Kołaczkowska 2015). Both field 
studies were conducted in young glacial 
landscapes as parts of the project entitled 
“Faunistic and landscape indicators and their 
usefulness for the estimation of the sustain-
able development of the rural landscape (one 
example of a selected area)”.

The areas described in the previous article 
(Masuria Region) and in this paper (Pomerania 
Region) were characterised by different ara-
ble farming methods up to World War II. The 
former cultural practices are reflected in the 
contemporary spatial arrangement of fields. 
The fields analysed in the previous article are 
generally smaller and represent less intensive 
agriculture than the fields from this paper. 
Since the 1990s (after the cessation of food 
production by State farms in Poland) the use 
of agrochemicals in the Suwałki Lake District 
has shown a distinct decrease. At present, 
most of the farmers in this area use very lit-
tle or no mineral fertilisers and pesticides 
– contrary to the area presented in the manu-
script. All the above-mentioned differences 

have been reflected in our results and that 
is why we treat each region as a separate 
case study.

Materials and methods
Site description

The study area is located in a young glacial 
landscape within an undulating morainic pla-
teau near Potęgowo in the Damnicka Upland 
(54°29’N, 17°29’E), which is part of the West 
Pomeranian Lake District in Northern Poland 
(Fig. 1).

The soil cover was formed as a result 
of long-term pedological processes in the 
Late Pleistocene, within the range of the 
Pomeranian phase of the last Weichselian/
Würm glaciation (Marcinkowska et al. 2013).

Local climatic conditions are influenced 
by the Baltic Sea. According to meteoro-
logical observations from 1991 to 2009 
in Lębork, the long-term mean monthly tem-
perature was 14.5°C in the warm season 
(April-September) and 3.0°C in the cold sea-
son (October-March); mean annual tempera-
ture was 8.8°C. Mean annual precipitation 
for this period was 716 mm.

The main site selection criterion was the 
existence of two spatially different configu-
rations of arable fields in close proximity 
(< 1 km) to reduce the potential influence 
of other local factors on soil biota. The select-
ed farmlands are old-structured landscapes 
and have been under constant management 
for at least 100 years. We established two 
study sites of approximately 4.5 ha each and 
about 800 m apart from each other (Fig. 1). 
The study site named MF (Mosaic of Fields) 
comprised seven small fields crossed by balks 
and tracks with a Mean Shape Index MSI 
(McGarigal & Marks 1995) of 6.10. The sec-
ond study site named HF (Homogeneous 
Field), was located within a single large-sized 
field with MSI of 1.21. The study plots were dis-
tributed near the field margins as well as in-
field in the HF. All the study plots were placed 
in a relatively flat area, with elevation differ-
ences not exceeding 1.67%. The actual veg-
etation comprised arable weed communities 
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consisting predominantly of annual plants 
accompanying the cultivated crops (phyto-
sociologically, the Aphanenion arvensis alli-
ance [R. Tx. et J. Tx. 1960]). The dominant soil 
type at both sites was Epicutanic Luvisol with 
a texture of loamy sand.

Earthworm assemblage abundances 
are mostly higher in crop rotation systems, 
including both commercial and cover crops, 
than in less complex systems (Hubbard et al. 
1999). In our study crop rotation was very 
simple over the study period and both sites 
were managed in a conventional way. The 
main differences between the sites were 
apparent only in autumn. In spring, cereals 
were grown at both sites in nearly 100% 

of the field areas (Tab. 1). At the HF site, cere-
als had been grown twice sequentially during 
the spring before the study was begun. Some 
of the details of each study site are given 
in Table 1.

Design of the field survey and 
statistical analysis of the data

The number of sampling points was adapted 
to reflect the spatial complexity of the land-
scape. Accordingly, we established 34 plots 
in the MF site, and 16 in the HF site, each 
25×25 cm in area and 30 cm deep. A total 
of 200 samples were analysed. The earth-
worms were collected in May (spring season) 

Figure 1. The study area: (A) Location, (B) Orthophotomap with range of study sites: MF – mosaic 
of fields, HF – homogeneous field 

Source: www.geoportal.gov.pl
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and in October (autumn season) over a two-
-year period (2007-2008). Each spatial unit 
of the MF site was covered by at least two 
sampling points every season. Earthworm 
individuals were extracted in situ by a com-
bination of sifting and hand-sorting and fixed 
immediately in 70% ethanol. All the individu-
als were identified (following Kasprzak 1986; 
Plisko 1973), counted and weighted. Most 
of the juvenile individuals could only be iden-
tified to the genus level, thus individuals 
identified at least to the genus level were 
also taken into account in the statistical 
analyses.

Soil samples were collected from the same 
sampling points as the earthworms. The soil 
moisture content (MC), pH in H2O and electri-
cal conductivity (EC) were determined in the 
soil samples, which were taken separately 
from the 0-15 cm and 15-30 cm soil depth 
bands during each season. Total soil nitro-
gen content (TN) and soil organic carbon 
content (SOC) were measured in samples (at 
0-30 cm depth) obtained in autumn 2008 
and were correlated with the earthworm 
assemblage parameters relating only to this 
season.

The soil moisture content (MC) was meas-
ured on a mass basis following PN-ISO 
11465:1999, pH in H2O – in accordance 
with ISO 10390:2005 (pH-meter SensoDi-
rect pH 200) and electrical conductivity (EC) 
– according to ISO 11265:1994 (HACH con-
ductimeter type). The total soil nitrogen 
content (TN) was measured using the Kjel-
dahl method (ISO 11261:1995), and the soil 
organic carbon content (SOC) analysis was 
performed using the Tyurin method (mineral 
samples), following which the C/N ratio was 
calculated.

We implemented a data mining procedure 
(random forests – Breiman 2001) to identify 
the most important factors that determine 
the number of individuals and the biomass 
of the earthworm assemblages studied. This 
method is relevant for numerical as well 
as for nominal data and is insensitive to the 
distribution and multicollinearity of independ-
ent variables. The models computed using 
this algorithm are also robust against over-
fitting (Breiman 2001). The random forest 
models were computed in R with package 
‘randomForest’ (Liaw & Wiener 2002) in ver-
sion 4.6-12. The environmental variables were 

Table 1. Spatial characteristics of the study sites (total area of spatial units applies for the whole con-
nected space managed in the given way, not only within the study site)

Study 
site

Spatial 
unit

Total area 
(ha)

Rotations in the fields during the survey period

2007 2008

spring autumn spring autumn

MFa field 5.29 cereal no vegetation cereal no vegetation
field track 0.13
field 4.68 cereal after-crop cereal stubble
balk 0.02
field 3.67 cereal stubble cereal no vegetation 
field track 0.09
field 4.44 no vegetation potatoes cereal stubble
field 2.17 cereal stubble cereal stubble
balk 0.06
field 1.46 cereal after-crop cereal no vegetation 
balk 0.06
field 3.45 cereal no vegetation cereal after-crop

HFb field 167.00 cereal no vegetation cereal no vegetation 

Explanations: a mosaic of small fields, balks and field tracks; b large, homogeneous field.
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the abovementioned soil parameters, the 
seasons (spring/autumn), and the spatial type 
of arable ecosystem (MF/HF). The variables 
which were chosen by the model as the most 
important for earthworm abundance were 
further statistically analysed in detail.

Statistical calculations were made using 
Past 2.03 software with the significance 
level set at 0.05. The correlations between 
earthworm assemblage characteristics and 
soil properties were calculated using Spear-
man’s rank correlation coefficient, preceded 
by the Shapiro-Wilk W test. Statistically sig-
nificant differences between soil and earth-
worm parameters in two types of arable land-
scapes (i.e. with differing spatial structures) 
were consistently identified using the Mann-
-Whitney U test. Mean earthworm abun-
dance (MF versus HF) was compared using 
the t-test since the faunistic data met the 
requirements for parametric testing. Field-
-scale species richness was measured as the 
total number of species found during a sin-
gle sampling campaign. This metric is com-
monly used as a diversity measure in studies 
evaluating the effects of agri-environmental 
management because of its local application 
(Concepción et al. 2012).

Results
Characteristics of earthworm 
assemblages 

In total, six earthworm species were found 
at the study sites. The species composition was 
the same at both sites, excluding Octolasion 

lacteum [Örley 1885], which was reported 
occasionally at the HF site. The most com-
mon species at both sites was Aporrectodea 
caliginosa [Savigny 1826], which composed 
over 80% of the community – both in terms 
of biomass and number of individuals. Other 
species were: Aporrectodea rosea [Savigny 
1826], Lumbricus castaneus [Savigny 1826], 
Lumbricus rubellus [Hoffmeister 1843] and 
Lumbricus terrestris [Linnaeus 1758].

We collected 1154 earthworm individuals 
in the four times repeated field survey: 337 
from the HF site and 817 from the MF site. 
The earthworm biomass was also greater 
at the MF site than at the HF site (Tab. 2).

The overall mean number of individuals 
was significantly lower in the homogeneous 
site than in the complex arable landscape 
(t = -2.419, p = 0.020). Moreover, the earth-
worm response to environmental conditions 
varied seasonally between sites. There was 
little difference between the sites in spring, 
whereas in autumn the MF site was char-
acterised by over 1.5 times higher values 
of these parameters than the HF site (which 
was significant in the t-test at p < 0.05).

Soil characteristics

The measured values of soil characteristics 
varied greatly at both study sites. Nonethe-
less, the sites were significantly different from 
each other in pH at 0-15 cm depth, MC at 
15-30 cm depth, SOC, TN, and C/N ratio 
(Tab. 3).

Table 2. General earthworm abundance across the study sites and seasons

Site
No. of individuals Biomass 

min max mean SD min max mean SD

MFa (N = 136) 0 42 5.90 0.53 0 9.17 1.83 0.16
Spring (N = 68) 0 18 3.47 4.27 0 4.46 0.92 1.11
Autumn (N = 68) 0 42 8.34 6.94 0 9.17 2.73 2.04

HFb (N = 64) 0 13 3.91 0.40 0 4.72 1.28 0.15
Spring (N = 32) 0 9 3.00 2.38 0 2.98 0.82 0.76
Autumn (N = 32) 0 13 4.81 3.67 0 4.72 1.74 1.37

Explanations: a mosaic of small fields, balks and field tracks; b large, homogeneous field.
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The MF site was characterised by a wider 
range of pH values at both depths than the 
HF one. The mean values were relatively con-
stant along the soil profile analysed at the 
MF site. The soil at the HF site was more acid-
ic at 15-30 cm depth than at 0-15 cm. The dif-
ference between the sites was considerable, 
but only at 0-15 cm depth.

The soil moisture content at the study 
sites varied between 3.2% and 24.1%. 
The mean moisture value was similar 
at both sites at 0-15 cm depth. However 
at 15-30 cm depth it was significantly higher 
at the MF site. On the other hand, the highest 
values of this parameter occurred in the soil 
samples from the HF site.

Electrical conductivity reached mean 
values of about 50 μS cm-1 at 0-15 cm and 
40 μS cm-1 at 15-30 cm regardless of the site 
and consistently there were no significant dif-
ferences between the sites. The highest val-
ues (over 115 μS cm-1) occurred only occasion-
ally at the MF site.

Soil organic carbon and total nitrogen con-
tent were significantly higher at the MF site 
than at the HF one. The C/N ratio followed 
a similar pattern.

Random forest analysis

The analysed environmental predictors 
explained only 14.66 and 11.67% of variance 
for earthworm biomass and number of indi-
viduals respectively. This means that the envi-
ronmental conditions of earthworm abun-
dance in agricultural land are much more 
complex and cover more factors than pre-
sented in our study. Nevertheless, the models 
enable the identification of some trends. The 
most important variables are ‘season’ and 
‘EC 15-30 cm’, both for earthworm biomass 
and number (Fig. 2). Interestingly, the spatial 
structure of the arable landscape (variable 
‘field size’), proved to be a weaker predictor 
than some soil parameters (e.g. conductivity, 
acidity or SOC).

Table 3. Physical and chemical soil characteristics and the differences between their distributions in the 
mosaic of small fields (MF) and the homogeneous field (HF)

Depth
(cm) Site Min Max Mean SD

Mann-
-Whitney

U test

P-value (the 
distribu-
tions are 
identical)

pH H2O 0-15 HF 5.27 6.96 5.78 0.66 114.5 0.001
MF 4.53 7.56 5.32 0.44

15-30 HF 4.47 6.46 5.38 0.64 213.0 0.224
MF 4.67 7.72 5.31 0.45

MC (%) 0-15 HF 4.65 22.51 11.41 4.28 247.0 0.610
MF 3.72 16.88 10.91 2.92

15-30 HF 3.76 24.10 9.86 3.77 127.0 0.003
MF 3.15 15.99 11.19 2.35

EC (μS cm-1) 0-15 HF 15.70 114.10 52.35 24.00 183.5 0.067
MF 12.00 168.30 47.62 26.00

15-30 HF 13.50 94.40 40.89 21.13 268.0 0.942
MF 12.30 101.70 41.28 19.42

SOC (mg g-1) 0-30 HF 9.30 19.30 14.61 2.44 46.0 < 0.001
MF 11.50 27.30 20.49 3.52

TN (mg g-1) 0-30 HF 0.90 1.56 1.24 0.17 100.5 < 0.001
MF 0.84 1.83 1.47 0.23

C/N ratio 0-30 HF 10.00 13.00 11.75 0.78 9.0 < 0.001
MF 13.00 15.00 13.94 0.69

For explanations of abbreviations see chapter Materials and Methods.
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Figure 2. Importance of environmental factors for: A – biomass and B – number of earthworms; type 
of random forest: regression, number of trees: 500, number of variables tried at each split: 3. For 
explanations of abbreviations see chapter Materials and Methods

Figure 3. Importance of environmental factors for: A – biomass at MF (mosaic of small fields), 
B – number of earthworms at MF, C – biomass at HF (homogeneous field) and D – number of earthworms 
at HF; type of random forest: regression, number of trees: 500, number of variables tried at each split: 
3. For explanations of abbreviations see chapter Materials and Methods
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The set of variables presented (excluding 
‘field size’) explained earthworm abundance 
better for the MF than the HF site due to the 
% of explained variance (Fig. 3). The hierar-
chy of variables in relation to the spatial type 
of the site varies very little – the most notice-
able dissimilarity is the exceptionally high 
importance of soil moisture at 15-30 cm for 
the number of earthworm individuals at the 
HF site.

Correlations between earthworm 
abundance and soil characteristics

The soil parameters that were the most 
important in the random forest analysis were 
subsequently chosen to the detailed correla-
tions with the earthworm biomass and with 
the number of individuals across the sites 
and seasons. Earthworms were generally 
relatively tolerant of soil acidity as they were 
captured from acidic to neutral soils at the 
MF site and from acidic to slightly acidic soil 
at the HF site (Tab. 4). However, the greatest 
number of earthworms was noted in soils 
of pH exceeding 5.6 at both sites. Both earth-

worm number and biomass increased with 
decreasing soil acidity.

The electrical conductivity at the upper 
soil level correlated with the number of earth-
worms at the MF site in spring (rho = 0.392, 
p = 0.022). The number of individuals and 
SOC correlated relatively strongly and signifi-
cantly at the HF site (rho = -0.550, p = 0.027). 
Earthworm biomass and number of individu-
als decreased with increasing soil moisture 
at 0-15 cm in the spring seasons, and cumu-
latively at the HF site, unlike at the MF site.

Discussion

Our observations of five-six species in agri-
cultural landscapes are consistent with other 
Central European studies (Metzke et al. 2007; 
Decaëns et al. 2008). The number of earth-
worm species in a farmland usually does not 
exceed 10, and decreases with increasing 
human pressure as the susceptible species 
are eliminated (Valckx et al. 2006; Kovács-
Hostyánszki et al. 2013). In our study, the 
species composition varied in a very small 
range between sites of different spatial 

Table 4. Correlations (Spearman’s rho) between earthworm and soil parameters calculated for spring 
and autumn seasons and the entire year (in total)

Earthworm 
parameter

Soil 
parameter

Depth 
(cm)

MFa HFb

spring autumn in total spring autumn in total

Biomass 
(g)

pH H2O 0-15 0.291 0.427* 0.473** 0.153 0.402 0.465*
15-30 0.087 -0.005 0.173 -0.046 0.295 0.259

EC (μS cm-1) 0-15 0.231 0.271 0.325 0.141 0.225 0.209
15-30 0.302 -0.062 0.220 -0.041 -0.134 -0.332

SOC (mg g-1)c 0-30 0.156 -0.259

No. of
individuals

pH H2O 0-15 0.451** 0.391* 0.408* 0.572* 0.444 0.633**
15-30 0.167 -0.065 0.107 0.273 0.247 0.299

EC (μS cm-1) 0-15 0.019 0.146 0.166 0.149 0.080 0.164
15-30 0.392* -0.125 0.142 -0.069 -0.064 -0.147

MC (%) 15-30 0.136 0.245 0.203 0.130 -0.353 -0.320
SOC (mg g-1)c 0-30 0.239 -0.550*

Explanations: * p < 0.05, ** p < 0.01; a mosaic of small fields, balks and field tracks; b large, homogeneous 
field; c determined in soil samples collected in autumn 2008. For explanations of other abbreviations see 
chapter Materials and Methods.
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structure, thus the environmental heteroge-
neity of the MF site appeared to have little 
effect on the number of earthworm spe-
cies. The study taken in the Masuria region 
revealed a higher disparity in the number 
of species (five at the HF site versus eight 
at the MF one), however, those fields were 
cultivated less intensively in general and 
the occurrences of some species were rare 
(Regulska & Kołaczkowska 2015). According 
to Wolters (2001), additional habitats contrib-
ute either nothing or very little to the species 
richness of earthworms as they do not act 
as a source of species replacing others that 
are functionally equivalent. We argue that the 
earthworm biomass and number of individu-
als provide better measures of the ecological 
status of arable soils than the number of spe-
cies. The MF site, which was more structur-
ally complex and characterised by higher 
connectivity to other non-productive habitats 
(e.g. margins, balks or meadows) than the 
HF site, maintained a larger earthworm com-
munity in terms of number of earthworms 
than the latter. A similar trend, albeit slightly 
exceeding the significance threshold, was 
observed for biomass. These findings are 
in line with other studies that have similarly 
reported higher earthworm density and bio-
mass in small-sized fields (Roarty & Schmidt 
2013; Regulska & Kołaczkowska 2015) or in 
less intensively farmed fields (Schmidt et al. 
2001, 2003; Johnson-Maynard et al. 2007; 
Riley et al. 2008). As number of individu-
als and biomass showed the same trends 
in each type of arable unit, both appeared 
to be equally effective in assessing earth-
worm abundance. The study conducted in the 
Masuria region, North-Eastern Poland (Regul-
ska & Kołaczkowska 2015) also supports the 
results. We argue that number of individuals 
is more appropriate for monitoring purposes 
for practical reasons.

Presumably, our results are applica-
ble to farmlands on a cross-regional scale 
in Central-Eastern Europe, however the dif-
ferences between earthworm responses 
to soil physico-chemical properties in arable 
fields having diverse spatial structure are 

more pronounced in agricultural areas where 
human pressure is relatively low – e.g. in the 
Masuria region. The higher values of pH 
at the HF site than at the MF site are prob-
ably a consequence of intensive fertilising 
and liming over the decades (Braun 2010). 
These differences were only slight, but were 
closely connected with earthworm abun-
dance. Numerous authors consider pH and 
nitrogen content as the major influenc-
ing factors in determining the earthworm 
community in a variety of soils (Edwards 
& Bohlen 1996; Hernández et al. 2003; Josch-
ko et al. 2006). Our study confirms these find-
ings regarding the upper soil level (0-15 cm). 
Also in the analogous study (Regulska 
& Kołaczkowska 2015) none of the earthworm 
parameters was significantly related to acid-
ity at a soil depth of 15-30 cm. We agree 
with Jänsch et al. (2013) who concluded that 
a lack of relationship between these traits 
was a consequence of the acidity level being 
within the tolerance range of the earthworm 
species. Soil moisture content within the 
observed range of values was not a decisive 
factor for earthworms excluding the number 
of individuals at the HF site. It contradicts our 
previous result where soil moisture was the 
most significantly and frequently correlated 
soil physical parameter with the character-
istics of earthworm communities (Regulska 
& Kołaczkowska 2015).

The C/N ratio indicates soil biological activ-
ity and is therefore one of the most important 
parameters of habitat quality. The significant-
ly higher values of SOC, TN and C/N ratio 
at the MF site than at the HF site presumably 
result from the effect of sowing after-crops 
and leaving stubble after harvesting, which 
contribute to enrichment of the soil with nutri-
ents and protect its surface from unfavour-
able weather conditions. Moreover, it is likely 
that water conditions at 15-30 cm depth were 
better at the MF site than the HF one because 
of these treatments. However, the different 
values of TN and C/N between the sites had 
little importance for earthworm abundance. 
The weak connections between earthworm 
assemblage parameters and soil chemical 
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properties are in agreement with the study 
by Huerta et al. (2007), which revealed a sig-
nificant relationship only for clay content. 
Blackshaw et al. (2007) found no significant 
correlations for soil chemical properties 
except for the number of individuals and C/N 
ratio at 0-10 cm. Mele and Carter (1999) 
related a series of soil parameters (SOC, TN, 
soil potassium and phosphorus contents, pH, 
MC) to earthworm density and distribution, 
and found a relatively strong positive associa-
tion only for pH and MC.

The flow of nutrients in large crop mono-
cultures is more open than in semi-natural 
ecosystems and the content of chemical ele-
ments in soil is strictly controlled by farmers. 
Comparative research in less impacted agro-
ecosystems revealed a significant impact 
of organic soil carbon and total soil nitrogen 
on the earthworm community, but only in the 
heterogeneous site (Regulska & Kołaczkowska 
2015). Presumably, the overall human 
impact is so strong here that it disguises the 
influence of other factors.

Conclusions

The relationships between earthworm abun-
dance and soil properties are more pro-
nounced in the mosaic than in the homogene-
ous agricultural system of fields.

Among the soil parameters, soil conductiv-
ity was the most important for the character-
istics of earthworm assemblages regardless 
of the site.

Number and biomass of earthworm indi-
viduals both effectively reflect the relation-
ships with EC, pH, and in some situations also 
SOC and MC.

Assessing the number of individuals is pref-
erable for monitoring purposes because it is less 
time-consuming than assessing the biomass.

The number and biomass of the earth-
worms, as well as the correlations between 
them and soil properties reached higher val-
ues in autumn than in spring, thus we con-
clude that autumn sampling is preferable for 
biomonitoring.

Acknowledgements

This research was financially supported 
by the Polish Ministry of Science and Higher 
Education (Grant No. N305 0837 35).

Editors’ note:
Unless otherwise stated, the sources of tables and 
figures are the authors’, on the basis of their own 
research.

References
BLACKSHAW R.P., DONOVAN S.E., HAZARIKA S., 

BOL R., DIXON E.R., 2007. Earthworm respons-
es to long term agricultural management prac-
tices: Spatial relationships with soil properties. 
European Journal of Soil Biology, vol. 43, sup-
pl. 1, pp. 171-175.

BREIMAN L., 2001. Random forests. Machine 
Learning, vol. 45, no. 1, pp. 5-32.

BRAUN B., 2010. Właściwości gleb użytkowanych 
rolniczo w pasie Pojezierza Pomorskiego. Pro-
blemy Ekologii Krajobrazu, vol. 26, pp. 231-243.

CHAN K.Y., BARCHIA I., 2007. Soil compaction con-
trols the abundance, biomass and distribution 
of earthworms in a single dairy farm in south-
eastern Australia. Soil & Tillage Research, 
vol. 94, no. 1, pp. 75-82.

CONCEPCIÓN E.D., DÍAZ M., KLEIJN D., BÁLDI A., 
BATÁRY P., CLOUGH Y., GABRIEL D., HERZOG F., 
HOLZSCHUH A., KNOP E., MARSHALL E.J.P., 
TSCHARNTKE T., VERHULST J., 2012. Interactive 
effects of landscape context constrain the effec-
tiveness of local agri-environmental manage-
ment. Journal of Applied Ecology, vol. 49, no. 3, 
pp. 695-705.

DECAËNS T., MARGERIE P., AUBERT M., HEDDE M., 
BUREAU F., 2008. Assembly rules within earth-

GP_2016_3.indb   320 2016-09-15   14:11:42



321The role of habitat heterogeneity in the relationships between soil properties…

Geographia Polonica 2016, 89, 3, pp. 311-322

worm communities in North-Western France 
– A regional analysis. Applied Soil Ecology, 
vol. 39, no. 3, pp. 321-335.

EDWARDS C.A., BOHLEN P.J., 1996. Biology and 
Ecology of Earthworms. London: Chapman and 
Hall.

HERNÁNDEZ P., GUTIÉRREZ M., RAMAJO M., TRI-
GO D., DÍAZ COSÍN D.J., 2003. Horizontal distri-
bution of an earthworm community at El Molar, 
Madrid (Spain). Pedobiologia, vol. 47, no. 5-6, 
pp. 568-573.

HUBBARD V.C., JORDAN D., STECKER J.A., 1999. 
Earthworm response to rotation and tillage 
in a Missouri claypan soil. Biology and Fertility 
of Soils, vol. 29, no. 4, pp. 343-347.

HUERTA E., RODRIGUEZ-OLAN J., EVIA-CASTILLO I., 
MONTEJO-MENESES E., DE LA CRUZ-MONDRAG-
ON M., GARCIA-HERNANDEZ R., URIBE S., 2007. 
Earthworms and soil properties in Tabasco, 
Mexico. European Journal of Soil Biology, 
vol. 43, suppl. 1, pp. 190-195.

IORDACHE M., BORZA I., 2010. Relation between 
chemical indices of soil and earthworm 
abundance under chemical fertilization. 
Plant Soil and Environment, vol. 56, no. 9, 
pp. 401-407.

IVASK M., KUU A., SIZOV E., 2007. Abundance 
of earthworm species in Estonian arable soils. 
European Journal of Soil Biology, vol. 43, sup-
pl. 1, pp. 39-42.

JÄNSCH S., STEFFENS L., HÖFER H., HORAK F., ROSS-
NICKOLL M., RUSSELL D., BURKHARDT U., TOSCH-
KI A., RÖMBKE J., 2013. State of knowledge 
of earthworm communities in German soils 
as a basis for biological soil quality assessment. 
Soil Organisms, vol. 85, no. 3, pp. 215-233.

JOHNSON-MAYNARD J.L., UMIKER K.J., GUY S.O., 
2007. Earthworm dynamics and soil physical 
properties in the first three years of no-till man-
agement. Soil & Tillage Research, vol. 94, no. 2, 
pp. 338-345.

JOSCHKO M., FOX C.A., LENTZSCH P., KIESEL J., HIER-
OLD W., KRÜCK S., TIMMER J., 2006. Spatial anal-
ysis of earthworm biodiversity at the regional 
scale. Agriculture, Ecosystems & Environment, 
vol. 112, no. 4, pp. 367-380.

KASPRZAK K., 1986. Skąposzczety glebowe, III. 
Rodzina: Dżdżownice (Lumbricidae), ser. Klucze 
do oznaczania bezkręgowców Polski, 6, W arsza-
wa: Wydawnictwo Naukowe PWN.

KEITH A.M., BOOTS B., HAZARD C., NIECHOJ R., 
ARROYO J., BENDING G.D., BOLGER T., BREEN J., 
CLIPSON N., DOOHAN F.M., GRIFFIN C.T., 
SCHMIDT O., 2012. Cross-taxa congruence, 
indicators and environmental gradients in soils 
under agricultural and extensive land manage-
ment. European Journal of Soil Biology, vol. 49, 
pp. 55-62.

KOVÁCS-HOSTYÁNSZKI A., ELEK Z., BALÁZS K., CEN-
TERI C., FALUSI E., JEANNERET P., PENKSZA K., POD-
MANICZKY L., SZALKOVSZKI O., BÁLDI A., 2013. 
Earthworms, spiders and bees as indicators 
of habitat quality and management in a low-
input farming region – A whole farm approach. 
Ecological Indicator, vol. 33, pp. 111-120.

LIAW A., WIENER M., 2002. Classification and 
Regression by randomForest. R News, vol. 2/3, 
pp. 18-22.

MARCINKOWSKA A., OCHTYRA A., OLĘDZKI J.R., 
WOŁK-MUSIAŁ E., ZAGAJEWSKI B., 2013. Mapa 
geomorfologiczna województw pomorskiego 
oraz warmińsko-mazurskiego z wykorzystaniem 
metod geoinformatycznych. Teledetekcja Środo-
wiska, vol. 49, pp. 43-79.

MCGARIGAL K., MARKS B.J., 1995. FRAGSTAT: 
spatial pattern analysis program for quantify-
ing landscape structure. General Technical 
Reports, PNW-351, Portland: USDA Forest Ser-
vice, Pacific Northwest Research Station.

MELE P.M., CARTER M.R., 1999. Species abun-
dance of earthworms in arable and pasture 
soils in south-eastern Australia. Applied Soil 
Ecology, vol. 12, no. 2, pp. 129-137.

METZKE M., POTTHOFF M., QUINTERN M., HESS J., 
JOERGENSEN R.G., 2007. Effect of reduced tillage 
systems on earthworm communities in a 6-year 
organic rotation. European Journal of Soil Biol-
ogy, vol. 43, suppl. 1, pp. 209-215.

OUELLET G., LAPEN D.R., TOPP E., SAWADA M., 
EDWARDS M., 2008. A heuristic model to predict 
earthworm biomass in agroecosystems based 
on selected management and soil properties. 
Applied Soil Ecology, vol. 39, no. 1, pp. 35-45.

PAOLETTI M.G., 1999. The role of earthworms for 
assessment of sustainability and as bioindica-
tors. Agriculture, Ecosystems & Environment, 
vol. 74, no. 1-3, pp. 137-155.

PLISKO J.D., 1973. Lumbricidae – dżdżownice 
(Annelida: Oligochaeta). Warszawa: Wydawnic-
two Naukowe PWN.

GP_2016_3.indb   321 2016-09-15   14:11:42



© Edyta Regulska • Ewa Kołaczkowska
© Geographia Polonica
©  Institute of Geography and Spatial Organization 

Polish Academy of Sciences • Warsaw • 2016

Article first received • February 2015
Article accepted • April 2016

322 Edyta Regulska • Ewa Kołaczkowska

REGULSKA E., 2008. Ocena stanu środowiska 
przyrodniczego krajobrazów z zastosowaniem 
wskaźników faunistycznych. Problemy Ekologii 
Krajobrazu, vol. 21, pp. 193-205.

REGULSKA E., KOŁACZKOWSKA E., 2015. Landscape 
patch pattern effect on relationships between 
soil properties and earthworm assemblages: 
a comparison of two farmlands of different spa-
tial structure. Polish Journal of Ecology, vol. 63, 
no. 4, pp. 549-558.

RILEY H., POMMERESCHE R., ELTUN R., HANSEN S., 
KORSAETH A., 2008. Soil structure, organic mat-
ter and earthworm activity in a comparison 
of cropping systems with contrasting tillage, 
rotations, fertilizer levels and manure use. Agri-
culture, Ecosystems & Environment, vol. 124, 
no. 3-4, pp. 275-284.

ROARTY S., SCHMIDT O., 2013. Permanent and new 
arable field margins support large earthworm 
communities but do not increase in-field popu-
lations. Agriculture, Ecosystems & Environment, 
vol. 170, pp. 45-55.

SCHMIDT O., CLEMENTS R.O., DONALDSON G., 
2003. Why do cereal-legume intercrops support 
large earthworm populations? Applied Soil Ecol-
ogy, vol. 22, no. 2, pp. 181-190.

SCHMIDT O., CURRY J.P., HACKETT R.A., PURVIS G., 
CLEMENTS R.O., 2001. Earthworm communi-
ties in conventional wheat monocropping and 
low-input wheat-clover intercropping systems. 
Annals of Applied Biology, vol. 138, no. 3, 
pp. 377-388.

VALCKX J., COCKX L., WAUTERS J., VAN MEIR-
VENNE M., GOVERS G., HERMY M., MUYS B., 
2009. Within-field spatial distribution of earth-
worm populations related to species interac-
tions and soil apparent electrical conductivity. 
Applied Soil Ecology, vol. 41, no. 3, pp. 315-328.

VALCKX J., HERMY M., MUYS B., 2006. Indirect gra-
dient analysis at different spatial scales of pro-
rated and non-prorated earthworm abundance 
and biomass data in temperate agro-ecosys-
tems. European Journal of Soil Biology, vol. 42, 
suppl. 1, pp. 341-347.

WOLTERS V., 2001. Biodiversity of soil animals and 
its function. European Journal of Soil Biology, 
vol. 37, no. 4, pp. 221-227. 

GP_2016_3.indb   322 2016-09-15   14:11:42

http://rcin.org.pl


	Contents of Vol. 89 Issue 3



